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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the,subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10380 was prepared by the European Committee for Standardization (CEN) Technical Comnittee
CEN/TC 342, Metal hoses, hose assemblies, bellows and expansion joints, in collabaration with ISO Technical
Committee T|C 5, Ferrous metal pipes and metallic fittings, Subcommittee SC 14, \Wetal hoses and expapsion
joints, in accordance with the Agreement on technical cooperation between ISO© and CEN (Vienna Agreement).

This third edifion cancels and replaces the second edition (ISO 10380:2003), which has been technically reyised.

iv © IS0 2012 — All rights reserved
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Introduction

It was decided to produce an International Standard under the Vienna Agreement on technical cooperation between
ISO and the European Committee for Standardization (CEN) in order to maintain a unique EN ISO document.

The major changes in this revision of this International Standard are the following:
— update of the structure of the International Standard;

— update of the test and performance requirements to reflect the practice of the industry at the time of publication;

Lok <l ' £ 1 ' £ £ H <l 4 £ Y H H '
— Hirououuvuaurm vl arr ©vaiiuatuull Ul bUIIIUIIIIIly dliiu d Oyolclll ur ooeruanoeatvurl.
This International Standard is a base standard for corrugated metal hoses and hose assemblies for genjeral purpose.

Corrygated metal hoses and metal hose assemblies conforming to all aspects of this‘International Standard
are cpnsidered to be designed and manufactured to sound engineering practice.

The requirements of this International Standard are of importance to designers, manufacturers, users, suppliers
and importers of corrugated metal hoses.

Non-permanent, detachable connections between hoses and fittings are-available in the market.|Their design
is no{ covered by this International Standard.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD 1ISO 10380:2012(E)

Pipework — Corrugated metal hoses and hose assemblies

1 Scope

This International Standard specifies the minimum requirements for the design, manufacture, testing and
installation of corrugated metal hose and metal hose assemblies.

2 ormative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the-referenced document
(including any amendments) applies.

ISO 6208, Nickel and nickel alloy plate, sheet and strip
ISO 9328-7, Steel flat products for pressure purposes — Technical delivery.conditions — Part 7: Stainless steels
ISO 9723, Nickel and nickel alloy bars

ISO 9724, Nickel and nickel alloy wire and drawing stock

ISO 13585, Brazing — Qualification test of brazers and brazing operators

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Weldihg procedure
test - Part 1: Arc and gas welding of steels and arcwelding of nickel and nickel alloys

ISO 16143-3, Stainless steels for general purpaSes — Part 3: Wire

EN 2B7-1, Qualification test of welders —:Fusion welding — Part 1: Steels

EN 1652, Copper and copper alloys - Plate, sheet, strip and circles for general purposes

EN 1779, Non-destructive testing + Leak testing — Criteria for method and technique selection
EN 1D028-7, Flat products made of steels for pressure purposes — Part 7. Stainless steels

EN 1D088-1, Stainlessisteels — Part 1: List of stainless steels

EN 1D088-3, Staihless steels — Part 3: Technical delivery conditions for semi-finished product$, bars, rods,
wire, |sections and bright products of corrosion resisting steels for general purposes

EN 1p204 sMetallic products — Types of inspection documents

EN 1B133, Brazing — Brazer approval

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

corrugated metal hose

pressure-tight hose made from tube or from strip, with corrugations, helical or annular to the axis of the hose,
made by deforming the metal, its flexibility being obtained by bending the corrugations

NOTE 1 Classified by material, DN, PS at 20° C, bend radius and lifetime.

NOTE 2  In this International Standard, helical is designated “h” and annular is designated “a”.

© 1S0O 2012 — All rights reserved 1
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3.2

nominal size

DN

<for components of a pipework system> alphanumeric designation of size comprising the letters DN followed
by a dimensionless whole number which is indirectly related to the physical size, in millimetres, of the bore or

the outside diameter of the end connections, and is used as a reference

NOTE 1 This defined number does not represent a measurable value and cannot be used for calculation purposes
except where specified in the relevant standard.

NOTE 2  Adapted from ISO 6708.

NOTE3 A(q

3.3
strand

group of parallel wires that are woven together to form a single layer of braid

3.4
braid pitch

distance measured parallel to the axis of the braid for one complete turn or revolution/of a strand

3.5
braided bra

braid that is manufactured from previously braided strands

3.6

apted from ISO 7369:2004, definition 4.1.5.

d

metal hose assembly

assembly of

See Figure 1|

b corrugated metal hose with its end fittings subjected to internal or external pressure

© 1SO 2012 — All rights reserved
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Figure’1 — Metal hose assembly

3.7
nominal pressure
PN
numaerical designation which_is a convenient rounded number for reference purposes

[1SO|7369:2004, definition 3.3]
NOTH 1 This defihed number is a dimensionless number indirectly related to a pressure value in bar(s).

NOTH 2  Adapted from ISO 7268. See EN 1333.

3.8
maximum-allowable pressure
PS

pPsS

maximum pressure at the operating temperature for which the hose assembly is designed, as specified by
the manufacturer

3.9

operating temperature

TS

extreme operating temperature, positive or negative, for which the hose assembly is designed

© 1S0O 2012 — All rights reserved 3
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3.10

active live length

I

corrugated metal hose length to be taken into account for the design of the hose assemblies subjected to
repeated movements

3.1
type testing

group of tests to be performed in order to verify that the performance level of the product meets the requirements
of a standard

312

qualified pr¢
manufacturir
specific man

NOTE Fd
authorities or

313
third-party {

conformity valuation activity that is performed by a person or body independent of the person or organiz

who/which p

NOTE 1
International §

NOTE2  TH
respecttoag

3.14
certification

third-party aftestation related to products, processes, systems or persons

NOTE1  Cq

NOTE 2 C4
themselves, tq

315
test pressui
Pr

differential pri

NOTE Ad
3.16
manufactur

Cijiteria for the independence of conformity assessment bodies and ‘accreditation bodies are provided

bcedure
g and design process demonstrated by tests and described in detail in process instructions f
Lifacturing or design

berson.

conformity assessment activity

rovides the object, and independent of user interests in that object

tandards and Guides applicable to their activities.

e first-, second- and third-party descriptors used to characterize conformity assessment activitie
ven object are not to be confused with the legal identification of the relevant parties to a contract.

ertification of a management system is sometimes also called registration.

eriification is applicable to all objects of conformity assessment except for conformity assessment b
which accreditation is applicablge:

e

bssure to whichthe hose assembly or the component is subjected during a test at ambient tempe

apted from 1SO 7369:2004, definition 3.8.

eI

br the

r products subject to specific quality surveillance systems, such procedures can be qualified by the required

ation

in the

5 with

odies

ature

d f todl ol b o £ ol ol b o ol b N
proaucer ot coeffagatetmetarnosSe- ot proatcer-orcorfugatetmetarnosSeantmetarnosSe-assemones

317
assembler

fabricator of metal hose assemblies with corrugated metal hose purchased from manufacturers

4 Design requirements

Corrugated metal hoses, braided or unbraided, and their assemblies are designed to allow frequent movement

4.1 General
or pliability.
4

© 1SO 2012 — All rights reserved
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These design requirements shall ensure that the construction of corrugated metal hoses, where properly
installed and used correctly, under chemical, mechanical and thermal conditions for general use, provide long-

term

safe operation without degradation.

Corrugated metal hoses are divided into the following four different types (see Table 7) and tested accordingly,
as described in Clause 5:

— t

— t

— t

ype 1-50: corrugated metal hoses of high flexibility with high fatigue life;
ype 1-10: corrugated metal hoses of high flexibility with medium fatigue life;

ype 2-10: corrugated metal hoses of average flexibility;

—

ype 3: corrugated metal hoses where only pliability is required.

Corr¢sponding radii for pliability tests are given in Table 6 and corresponding radii_far fatig

giver

NOTH

g
— q

- q

in Table 8.
1 The fatigue life of a corrugated metal hose is mainly affected by bend radius, ipressure and ten
t a given bend radius, fatigue life increases by lowering the working pressure;

t a given working pressure, fatigue life increases by increasing the bend radius.

ue tests are

perature:

NOTH 2  Passing a test does not imply that the minimum or average fatigue life can be reached in circunpstances other
than those specified in the test procedure.
NOTH 3  Where a user requires a higher fatigue life than given<in’this International Standard, the manufacturer can
be copsulted.
NOTH 4  The installation configuration, such as type_of movement, pressure characteristics and fenvironmental
condition, have a strong influence on the fatigue life of a.¢orrugated metal hose assembly.
NOTE 5  The lubrication condition of the braid infldences the fatigue life of a corrugated metal hose. A reduction of
lubricption can occur during assembly, cleaning,\transportation, storage or in service conditions.
4.2 [Nominal sizes, DN
The designation of standard nominal sizes shall be as given in Table 1. The internal diameter of ja corrugated
meta| hose shall not be less than 98 % of its nominal size designation.
Table 1 — Nominal sizes, DN

DN

8

10

12

15

20

25

32

40

50

65

80

100
© 1S0O 2012 — All rights reserved 5
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Table 1 (continued)

DN
125
150
200
250
300

Other nominal sizes can be produced in accordance with the customer’s requirements. Their performance (see

Clause 5) sh

4.3 Overall length, Ip

If not explicit

hose assemlply shall be the length as ordered to a tolerance of +3 % and -1 %.

For short hg
necessary, d
than 99 % of]

NOTE Fd

4.4 Hose

The corrugafed metal hose shall be made from seamless tube, welded tube or strip. Where welded constry

is used, the |
accordance

The corruga
be free of dg
required, a h

NOTE Hd
the manufacty

4.5 Mater

Materials for
basis of their|
be used. A li

Alternative e

puld De Interpolated Trom the values Tor the nearest nominal siZzes, as given in [able 1.

y otherwise specified between the manufacturer and purchaser, the overall length), /o, of a

se assemblies, these tolerances do not apply because often a tolerance’ of one corrugat
epending on the attachment technology of fittings. On no account shall-the overall length bg
the length as ordered.

r minimum overall length of a braided hose assembly, see 4.6.

design

ose may be butt- or lap-welded, the weld being.axial or spiral along the length of the hose &
vith qualified welding and forming procedures:.€orrugations may be annular or helical.

ion shall be of regular form, continuous*and concentric along the length of the hose, and
fects, such as scores, dents, cuts or weld variations, which can cause premature failure. \\
bse can be heat treated after forming.

pat treatment influences flexibility,\fatigue life and pressure-bearing capacity. It is, therefore, necess3
rer to provide details on the characteristics affected by this type of treatment.

als

the manufacture.6f corrugated metal hoses and metal hose assemblies shall be selected g
suitability fordabrication (cold forming, welding, etc.) and for the conditions under which they,
5t of suitable’materials is given in Table 2.

uivalent European material designations are given in Table A.3.

metal

on is
b |ess

ction
nd in

shall
here

ry for

n the
shall

© 1SO 2012 — All rights reserved
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Material of construction

Corrugated metal hose

Braid

End fitting?

and ferrule

Stainless steel hose
assemblies

Austenitic stainless steel in
accordance with

1ISO 9328-7, grades
X2CrNi19-11,
X6CrNiTi18-10,
X2CrNiMo17-12-2,
X5CrNiMo17-12-2,
X6CrNiMoTi17-12-2,
X2CrNiMo18-14-3,
X1CrNiMoCuN20-18-7

Austenitic stainless steel in
accordance with

ISO 16143-3, grades
X2CrNi19-11,

X5CrNi18-9,
X6CrNiTi18-10,
X2CrNiMo17-12-2,
X5CrNiMo17-12-2 and
X6CrNiMoTi17-12-2

Austenitic stainless steel
in accordance with the
composition given in
1ISO 9328-7, grades

X2CrNi19-11,
X5CrNi18-9,
X6CrNiTi18-10,

X2CrNiMo17-12-2,
X5CrNiMo17-12-2 and

X6CrNiMoTi17-1

2-2

and
X1NiCrMoCu25-20-5

Carbon steel ¢o|
maximum.of0;0
0,05 % phosphd

htaining a
5 % sulfur and
rusP

Nickel alloy wire in accordance
with

1ISO 9724, grades

NiMo16Cr15 Fe6W4,

NiCu30,

NiCr15Fe8,

NiCr22Mo9Nb,
FeNi32Cr21AITi and
NiFe30Cr21Mo3

Nickel alloy bar
with

1ISO 9723, gradqg
NiMo16Cr15 Fe
NiCu30,
NiCr15Fes8,
NiCr22Mo9Nb,
FeNi32Cr21AIT
NiFe30Cr21Mo

Copper-based dlloy, if formed,
deep-drawing qpality.
Copger-based alloy hose Deep-drawing quality phosphor | Phosphor bronze containing ap,_~Copper-based dlloy, if formed,
asseblies bronze containing a minimum minimum of 95 % copper and deep-drawing qjality.
of 95 % copper and 1 % tin. 1 % tin.
Nickgl alloy hose assemblies Nickel alloy strip in accordance | Austenitic stainless steehin Austenitic stainlgss steel
with accordance with in accordance with the
ISO 6208, grades ISO 16143-3, grades composition of
NiMo16Cr15Fe6W4, X2CrNi19-11s ISO 9328-7, grafes
NiCu30, X5CrNi18-9; X2CrNi19-11,
NiCr15Fe8, X6CrNiTi18-10, X5CrNi18-9,
NiCr22Mo9Nb, X2CrNiMo17-12-2, X6CrNiTi18-10,
FeNi32Cr21AITi and X5€rNiMo17-12-2 and X2CrNiMo17-12}2,
NiFe30Cr21Mo3 X6€TNiMoTi17-12-2 X5CrNiMo17-122 and
X6CrNiMoTi17-12-2

n accordance

bW4,

and

a The material specified for end fittings applies only to the parts which are welded or brazed to the hose.
b Carbon steel shall not be used for ferrules.
4.6 |Braiding

Whete braided,*the corrugated metal hose shall be uniformly covered by wire, either machine-w

the hpse ortightly fitted by hand as a stocking.

Whete# . Ei 2) is fitted by | i itable desi | : .

oven around

hg measures

shall be taken to fit the braid as tightly as possible. However, the performance level of such a braid can still be
different from that of a machine-woven braid around the hose. In addition, if machine and hand-fitted braiding
are used on the same assembly (double braiding), special care shall be taken regarding the performance of
such a combination. Therefore, the performance level shall be verified.

Braid irregularities, such as wire crossings and wire loops, can have an influence on the performance of the
product. The manufacturer shall take care to limit such features.

The wires of a strand should all have a similar tension.

The practical burst strength also depends on the method used to attach the braiding to the end fittings and shall
be established by burst tests, as described in 5.5.

Braided braid shall be considered appropriate for the large nominal sizes and heavy-duty applications.

© 1SO 2012 — All rights reserved
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Friction between hose and braid has a strong influence on the fatigue life of dynamic hose installations.
Manufacturers shall indicate the need for lubrication of specific applications.

Where braid is connected to end fittings, care shall be taken to ensure that all the braid wires are securely
bonded to the end fittings.

The breaking of individual braid wires during service reduces the tensile strength of a braid. The manufacturer shall
inform the user accordingly and include the check for wire defects in the maintenance instructions for the user.

Braid performance shall always be verified by type testing.

A theoretical approximate tensile force of a single braid, f; can be calculated using Formula (1) at 20 °C:

NOTE 1
f=C-w
where
C istH
W isth
d s th
Rm is tH
a isth
The theoretiq
gt
Ae
where A4 is t
If multiple br

first braid an

Double braid}

Triple braids;

where

2
[g] -m- R, -cos(a)
e number of strands;
e number of wires in each strand;
e diameter of individual wire, in millimetres;
e tensile strength of the material of the wires;

e braid angle, in degrees.

al breaking pressure, B, of a single braid is given by:Formula (2):

he effective thrust area of the hose.

bids are used, the tension strengths of the second and third braids are not as high as that
] are approximately as given<yFormulae (3) and (4):

f2ax z1'8'f1a.>c

f3ax z2’6'f1wc

f1wc
f2ax
f3ax

NOTE 2

(™

()

bf the

4)

IS the theoretical tensile strength of one braid;

is the theoretical tensile strength of two braids;

is the theoretical tensile strength of triple braids.

Formulae (3) and (4) are only applicable to braidings of similar characteristics to those of the single braid.

© 1SO 2012 — All rights reserved
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ds

NOTH

Tom
alen

4.7

The maximum allowable pressure of the hose assembly shall be the lowest of any component of

rand

raid angle

ameter of individual wire
raid pitch

Figure 2,— Braid

3 For pressurized hose assemblies, a braid.angle of between 40° and 50° is used.

bet the characteristics given in this Interhational Standard, braided metal hose assemblies sh
gth that there is at least one complete revolution (braid pitch) of braid along the length of thg

Pressure

RN

all be of such
hose.

a corrugated

metal hose assembly.

It is gssential that the-maximum operating pressure, including surge pressure to which the hose ig subjected in
service, not exceed'the specified maximum allowable pressure.

The permaneit elongation of a corrugated metal hose with its ends closed and after being presjsurized to its
test gressure.shall not exceed 1 %.

NOTH 14 The length of a hose assembly under positive pressure increases, and decreases under negative pressure.
NOTE 2 Corrugated metal hoses can be compliant with one of the following PN: 0,5; 1; 2,5; 6; 10; 16; 20; 25; 40; 50;

63; 100; 150; 160; 250; 320; 400 or 450.

4.8

Temperature

The maximum allowable pressure, ps, of a corrugated metal hose assembly at any temperature is the lowest
value of the pressure at 20 °C of each component multiplied by its appropriate derating factor, C.

The derating factors, Ct, for the materials are indicated in Table 3.

Alternative derating factors, Ct, for European material designations are given in Table A.4.

© 18O

2012 — All rights reserved
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Table 3 — Derating factors, Ci, and limiting temperatures
Temperature 20 | 50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650
°C
X2CrNi19-11 1| 087 | 072 | 065 | 059 | 0,55 | 051 | 0,48 | 0,46 | 045 | 0,44 | 043 - -
X5CrNi18-10 1| 088 | 073 | 066 | 060 | 056 | 0,52 | 0,50 | 0,48 | 047 | 0,46 | 042 - -
X6CINiTi18-10 1092 | 083 | 078 | 074 | 071 | 067 | 064 | 062 | 061 | 060 | 0,59 - -
X2CrNiMo17-12-2 1| 088 | 074 | 067 | 062 | 0558 | 054 | 0,52 | 0,50 | 0,48 | 047 | 047 - -
X5CrNiMo17-12-2 1 |09 | 078 | 071 | 066 | 062 | 0558 | 0,56 | 0,53 | 0,52 | 0,51 | 0,51 - -
X6CrNiMoTi-17-12-2 1 109 | 08 | 076 | 073 | 069 | 065 | 063 | 061 | 059 | 059 | 0,58 - -
X2CrNiM18-14-3 1 | 088 | 074 | 067 | 061 | 057 | 054 | 052 | 050 | 048 | 047 | 047 - -
g X1CrNiMoC|iN20-18-7 1|09 | 077 | 070 | 064 | 061 | 0557 | 0,56 | 0,54 | 0,53 | 0,52 - - -
§X1NiCrMoCJ25—20—5 1| 093 | 087 | 08 | 076 | 070 | 065 | 061 | 057 | 054 | 052 | 0,50 S -
—a 1 | 097 | 091 | 084 | 077 | 071 | 065 | 0,60 | 0,57 | 0,290 | 0,18> - - -
NiMo16Cr14Fe6w4c 1| 097 | 092 | 088 | 083 | 079 | 074 | 0,72 | 0,70 - - S - -
NiCr30¢ 1 | 094 | 086 | 081 | 077 | 075 | 0,74 | 0,74 | 0,74 | 0,73 - - - -
NiCr15Fe8¢ 1| 098 | 094 | 092 | 089 | 0,86 | 0,83 | 0,83 | 083 | 082 |-0,81 | 0,78 | 0,540 [|0,36P
NiCr22Mo9Nbe 1| 095 | 088 | 084 | 080 | 078 | 075 | 0,73 | 0,70 | 0,684y 065 | 064 | 063 || 0,5
FeNi32Cr21jAITic 11093 | 0,80 | 0,74 | 068 | 0,63 | 0,58 | 055 | 0,53 | 0:51°| 0,50 | 0,49 | 048 |[0,39°
NiFe30Cr2Nlo3¢ 1| 095 | 089 | 083 | 077 | 075 | 0,74 | 0,72 | 0,70/ 068 | 0,67 | 0,66 - -
NOTE 1  The dlerating factor applicable to low temperatures for some of the austenitic materials listedhis higher than 1. For further information, ¢ontact
the manufacture}.
NOTE 2  Stairjless steel designations and values are specified in ISO 9328-7 for 1 % proof C product form, carbon steel designations are spedified in
1ISO 6317 and ni¢kel alloy designations are specified in ISO 6208.
a Typical norf-alloyed carbon steel.
b Values in thhe creep range (100 000 h).
¢ Indicative alues from industrial background.
4.9 Corrosion
Corrugated metal hoses and hose assemblies.shall have adequate resistance to all the corrosive agents to
which they afe likely to be exposed during their lifetime.
Special congideration shall be given to-pitting corrosion, crevice corrosion, stress corrosion cracking and
intergranular{corrosion.
All parts of the corrugated metal‘hese assembly exposed to corrosion shall take into account the corrosion risk,
both by the gelection of appropriate shapes for the parts used and by the selection of appropriate materigls.
NOTE 1 Corrugated metalhoses usually have a substantially smaller wall thickness than all other parts of the system
in which they are installéd.,/Hence, they are often manufactured from a material having a higher corrosion resistancg than
that used in the adjacent components.
For use of materials in corrosive environments, see the specification of the selected material, corrpsion

resistance tables and/or experience of the corrugated metal hose manuiacturer.

NOTE 2

specified in Table 4.

10

Concerning their corrosion resistance, suitable materials for corrugated metal hoses can be classified as
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Table 4 — Typical classification of materials for corrosion resistance

Corrosion Description Material grade Examples
resistance class

A Basic corrosion Stainless steels X2CrNi19-11
resistance X6CrNiTi18-10

B Good corrosion Mo-alloyed stainless steels | X2CrNiMo17-12-2
resistance X5CrNiMo17-12-2

c Advanced corrosion Super-alloyed stainless X1CrNiMoCuN20-18-7
resistance steels X1NiCrMoCu25-20-5

o High corrosion Ni-based alloys NiCr22Mo9Nb (NW 6625)
resistance

NOTH

NOTH
modif]

4.10

Hoseg
resid

NOTH
NOTH

Wate]

411

Undg
resul

Meta
occu

With
etc.),
with 9
from

412

Flow

3 If required, the corrosion resistance of a hose can be increased by some form of internal and/orexte

y the mechanical properties of the metal hose assembly.

Cleanliness

Lies on inner and outer surfaces.
1 Being free of visible residues corresponds to less than 500, mg/m?2.
2 A more stringent cleanliness level can be required depending on the application.

r used for cleaning procedures shall contain a maximum chlorine level of 30 mg/dm3.

Electrical conductivity

in sparking. Sparks can perforate-the hose wall or create explosions or fire in dangerous e

hose assemblies, which are ‘made exclusively out of metal, have adequate conductivity
ring currents where being grounded. If grounding is not possible, stray current shall be avoi

metal hose assemblies~having one or more non-metallic component(s) (insulation, gasket,
suitable measures_shall be taken to discharge the assembly, for instance through the usg
sufficient discharge-capacity. Electrical fields caused by electrostatically charged media sha
the hose assembly.

Flow velocity

velocity shall be considered in the design of a hose assembly.

rnal protection.

4 Heat treatment of the corrugated metal hose material improves the corrosion resistance chargcteristics, but

s and hose assemblies shall be supplied to the purchaser free of Water and substantially free of visible

r certain conditions, flowing media in cerrugated metal hoses can cause an electrostatic charge, which can

hvironments.

to discharge
ded.

nternal liner,
of materials
| be shielded
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Flow velocity is given by:

V= Q"—i (5)
- D;
or
pomd (6)
p-T Diz
where
vV is the flow velocity;
Oy is the volumetric flow rate;
Om is the mass flow rate;
D; is the internal diameter of the corrugated hose, in millimetres;
p is the medium density.
NOTE High velocities can force the corrugations into resonant vibration, resulting in’ premature failure. Such failure

can be prevemted through the use of an internal liner or change of the nominal size, DN. The critical speed is ostly
influenced by the medium conveyed and its working conditions, the shape of the/corrugations and hose bending. [It can
start from 5 mfs for liquids and 30 m/s for gases. For higher values, it is intended that the manufacturer be consultef.

4.13 Additional protection

Where required, corrugated metal hose assemblies shall-be provided with additional internal or ex{ernal
protection to|prevent mechanical damage. This shall be provided by the following:

— an anti-pbrasion protective coil of metal or non-metal material suitable for the operation condjtions
envisaged [see Figure 3 a)];

— an additlonal inner or outer sleeve resistant to wear, weathering and abrasion [see Figures 3 b) and )];

— other me¢ans of protection, such as heat shielding, fire protection and local overbending protection [see
Figure 3[d)].

Key
1 anti-abrasion protective coil

a) Anti-abrasion protective coil

12 © 1S0 2012 — All rights reserved
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Key
1 aflditional sleeve resistant to tear $\
a  Dlirection of flow.

N
b) Internal liner QQ

@\

Key
1 additional sleeve resistant to tear

c) Outside protection using strip-wound hose

© 1S0O 2012 — All rights reserved 13
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, T
L)

e e s - S

)
L

Key

1 ferrule

2 local over
3 metal hos

Where addit
fatigue life of

/J)))))

%
XK
A
PN
RL

bending protection
e assembly

d) End protection against overbending using strip-wound hose

Figure 3 — Possible protective solutions

onal protection affects the bend radii-given in Table 6 and Table 8 or negatively influencgs the
the hose assembly, the manufacturershall notify the purchaser accordingly.

Where a pro

ective coating is used on a stdinless steel hose, it shall not contain zinc, lead or tin.

Where the material of a synthetic coyer-contains corrosive agents, such as chlorine or sulfur, care shall be

taken to ens

4.14 Hose

Where a ma
welded or ed

re that such agents are\not released during the manufacturing process or in service.
oining

hufacturer uses hose joints in order to increase the hose length, such joints shall be either| butt-
ge-welded, as shown in Figure 4, and shall be in accordance with qualified procedures.

14
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a) Butt-welded

U W U )

b) Edge-welded

Figure 4 — Details of butt-welded and edge-welded hose joints

4.15| Attachment of end fittings to-hose
Corrygated metal hoses are attached to many standardized and custom-designed fittings.

Standlardized end fittings shall be of the material given in Table 2. Their ends shall be shaped an
suchla way that they allow.-correct welding or brazing to the hose.

NOTH For example)tSO 10806 can be applicable.

Whele custom:-designed fittings are used, methods and performance of the connection betwee
metal hose and.fittings shall be determined between the manufacturer or assembler and user.

The ¢onnfection between the corrugated metal hose and the end fitting shall be made by a metho

i prepared in

n corrugated

d resulting in

a permanent non-detachable connection, which can only be detached by irreparably damaging th

e hose or the

end fitting. The connection shall ensure leaktightness and shall withstand all the tests specified in Clause 5.

All joining methods used in the manufacturing of metal hose assemblies shall be qualified.

Welder qualifications and welding procedure qualifications shall be in accordance with EN 287-1 and
ISO 15614-1; brazer qualification and brazing procedure qualification shall be in accordance with EN 13133

and ISO 13585.
Where welding penetration reduces the internal diameter, the flow performance shall be verified.

Where crevice- and burr-free connections are required, they shall be specified by the purchaser.

© 1SO 2012 — All rights reserved
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4.16 Design parameters for corrugated metal hoses and metal hose assemblies

4.16.1 The following information is required for the correct design of the metal hoses:
a) nominal size, DN;

b) flexibility type;

€) minimum and maximum operating pressures;

d) working temperature range;

e) materialb.

4.16.2 The following additional information is required for the correct design of the metal hose assembligs:
a) medium(to be conveyed;

b) maximum operating pressure;

c) maximup operating temperature;

d) minimum bend radius;

e) overall Igngth;

f) type of flttings of the hose assembly;

g) service life expected.

4.16.3 Depending on the application, the following additional information may be required:
a) flow ratg;
b) type of movement or vibration;

c) requirenpents for cleanliness;

d) special ¢onditions (e.g. water hammer);

e) requirenpents for test certificates;

f) indicatign of whether vacuum or any additional testing is required;

g) any spetial requirements for packaging.

5 Perforllnance requirements and tests

5.1 General

Metal hose assemblies shall be representative of production and made in accordance with the requirements of
this International Standard; they shall be tested following the sequence set out in Tables 11 and 12.

All samples of each size shall pass the following tests within the test sequence schedule given in Clause 6. The
tests shall be performed under ambient conditions. If not otherwise stated, the functional tolerances indicated
in Table 5 shall apply to the test equipment.

16 © 1S0 2012 — All rights reserved
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Table 5 — Functional tolerances of the test equipment

Pressure +5 %
Ambient temperature +5°C
Volume +5 %
Time +5 %

Water used for testing shall contain a maximum chlorine level of 30 mg/dm3.

5.2

5.21

Meta| hose assemblies shall be leaktight where tested in accordance with the methodscgiven in 3

The

fitted| In the final leaktightness test for type testing, it shall be demonstrated by suitable measures
protection does not contribute to the achievement of the given leakage rate.

The fest sample shall be completely dried before being leak tested.

5.2.2] Test

The

The following is an example of bubble test method.

EXANIPLE The test pressure shall be 10 % of the-maximum allowable pressure, ps, but not morg
for sgfety reasons (see 5.3.2) and the test medium air\The test pressure shall be applied and the metal

hose

disturpance resulting from bubbles trapped on the suffaces of the hose or hose assembly. The metal hose
assembly shall then not exhibit any air bubbles (single or as a constant stream) for a period of at least 2 mi

NOTH 1 The maximum leakage rate is considered to be equivalent to 1 x 10-3 mbar-l/sec. A more stri

level
or he

NOTH 2  As leak testing with~air under water (bubble test) is a subjective method, qualified and reliable
are rgquired. The qualified personnel can be certified according to EN 473 or equivalent.

5.3

5.3.1] Requirements

Corr

withstanding the test pressure without any deformation, leakage or other mode of failure.

Leaktightness

Requirements

lpaktightness test of metal hose assemblies shall be performed before any external protecti

Ipaktightness test shall be performed in accordance with .one of the test methods described

assembly shall be held completely under waterfor a period long enough to permit a visual inspecti

tan be required depending on the'application. Comparable leak testing methods, e.g. pressure gradie
ljum testing, can be used.

Pressure resistance

ugated*' metal hoses, braided or unbraided, and corrugated metal hose assemblies shall b

2.2.

bn, if used, is
that external

n EN 1779.

b than 2 bar?)
hose or metal
n without any
or metal hose
.

hgent leakage

nt leak testing

test personnel

e capable of

1)

1 bar=0,1 MPa =105 Pa; 1 MPa = 1 N/mm?2.

© 1SO 2012 — All rights reserved
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5.3.2 Test

The test pressure, P, shall be applied and maintained for a sufficient length of time to permit a visual examination
of all surface joints, but in any case, for not less than 1 min for hoses of DN =50, 2 min for hoses 50 < DN =100
and 3 min for hoses of DN > 100. The test pressure is defined as:

pt =143 pg (7)
or
Ps
=125.28 8
T . (8)

whichever result from Formula (7) or (8) is greater,
where
Ct is the temperature derating factor according to Table 3 and Table A.4.

NOTE Fgrmula (8) applies to derating factors, Ct, smaller than 0,83, correspondingyto a maximum op¢rating
temperature (TS), Ts, of approximately 100 °C for standard austenitic materials.

If the test is performed with air or nitrogen under water, the leaktightness tést in 5.2 and this pressure [proof
test may be ¢ombined.

Pneumatic tgsting is a more dangerous operation than hydraulic testingy'in that, irrespective of size, any failure
during the tgst is likely to be of a highly explosive nature. Therefere, precautions shall be taken and [rules
regarding sugh a test method shall be observed.

5.4 Elongation

5.4.1 Requirements

The perman¢nt elongation of a metal hose assembly subjected to its test pressure shall, after release ¢f the
pressure, not exceed 1 % of its initial length

5.4.2 Test

The live length of a braided test.sample shall be of at least one complete revolution of the braid (lay) with its
ends closed by appropriate fittibgs. An unbraided test sample shall have a live length, /., of 0,5 m or 3 x DN,
whichever is|greater.

It shall be la|d in a straight position on a flat surface. The exact value of the live length shall be recorded to
a tolerance ¢f £1 mm. Fixed at one end, it shall then be hydraulically pressurized to 1,5 times its max|mum
allowable pressdre and the pressure held for 1 min. Release the pressure, measure the new length and
calculate the[ pePmanent elongation.

5.5 Burst pressure

5.5.1 Requirements

The burst pressure of a corrugated metal hose assembly shall not be less than four times the maximum
allowable pressure at room temperature.

5.5.2 Test
The live length, /|, of a braided test sample shall be equivalent to at least one complete revolution of the braid or

an unbraided test sample shall have a live length of 0,5 m or 3 x DN, whichever is greater. The test sample shall
be closed by appropriate fittings and fixed at one end, lying horizontally on a surface. It shall be hydraulically
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pressurized to 1,5 times its allowable pressure and such pressure held for 1 min. The pressure shall then be
increased gradually with a minimum of 10 increments to four times its maximum allowable pressure and the
pressure held at this level for 1 min. At this pressure level, the assembly shall not fail by visible leakage or rupture
of any of the components. A deformation of the corrugations shall not be regarded as a failure of the test.

The test shall be performed for each method of assembly used (TIG welding, MIG welding, brazing, etc.).

NOTE The pressure can be increased further until the burst occurs. This pressure can be recorded and a safety
margin noted.

5.6 Pliability

5.6.1 Requirements

A cofrugated metal hose shall be capable of being bent 10 times to a small radius in ageordancg with Table 6
withqut leakage.

5.6.2| Test

The gample shall be subjected to a bend test as shown in Figure 5. Samples.of types 1 and 2 sha|l be braided;
type B shall be unbraided. With one hose end rigidly fixed, the other shallybe moved in a circular farc around a
mandrel whose radius is calculated from the bend radius, r (pliability-{€st), as given in Table 6, unfil the hose is
in intimate contact with the former through an arc of 90°.

Table 6 — Bend radii forpliability test

Pliability test
Types 1 and 2 Type 3
DN (braided) (unbraided)
Bend radius
mm
25 11
25 12
32 16
10 38 20
12 45 25
15 58 25
20 70 30
25 85 45
32 105 60
40 130 80
50 160 100
65 200 115
80 240 130
100 290 160
125 350 —
150 400 —
200 520 —
250 620 —
300 720 —
NOTE The dimensions listed in this table can be used for design purposes; see the
manufacturer for confirmation.
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There shall not be any excessive horizontal force other than that used for bending the assembly around the mandrel.

One cycle comprises one bend and return movement to the straight position. The test shall consist of the
assembly being flexed through the 10 cycles specified without pressure. The test frequency shall be between
5 cycles/min and 15 cycles/min.

After the test, the assembly shall be dried and subjected to the leaktightness test specified in 5.2. There shall
be no visible leakage or any other mode of failure.
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a) Sample braided without outside protection

20
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Key

O o

b) Sample unbraided without outside’/protection

I reasonably
ntative cycle

Whe

end radius

ne cycle.

Figure 5= Pliability test
Fatigue
General

1 and type 2 corrugatéd,metal hoses shall permit repeated flexing under pressure fo
Cted life cycles of the product. The performance of the products shall be tested by repress
according to Table.7Depending on the performance level, the cycle requirements shall be:
ype 1-50: 50 000 cycles

ype 1-10; 10 000 cycles

ype 2:40: 10 000 cycles

efested in accordance with 5.7.2, high-cycle-life hoses shall have an average life of 50 00

0 cycles, but

no sample below 40 000 cycles.

Where tested in accordance with 5.7.2, standard-cycle-life hoses shall have an average life of 10 000 cycles,
but no sample below 8 000 cycles.

© 18O

Table 7 — Requirements for fatigue

Hose type

Standard cycle
10 000 cycles

High cycle
50 000 cycles

1-50

X

1-10

X

2012 — All rights reserved
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NOTE

Table 7 (continued)

Hose type

Standard cycle
10 000 cycles

High cycle
50 000 cycles

2410

X

3

Pliable, no fatigue
requirement

Pliable, no fatigue
requirement

These representative cycle tests give a comparative quality level of the products and mostly do not allow direct

reference to practical applications in the field. For very specific applications, the purchaser can consult the manufacturer
about their specific experience or special tests.

5.7.2 Test requirements

The tests shall be conducted with the hose at the relevant maximum allowable pressure. The bengh test shall
be equipped|with a leakage detection system allowing the identification of the occurrence of tHeJeak durirlg the
test cycle. The bend radius shall be chosen from Table 8 and shall be recorded before thestart of the test with

the hose at the relevant maximum allowable pressure.

Table 8 — Bend radii for fatigue test

Fatigue test

No lubricant shall be added before or during the test.

Failure shall be defined as

DN Types 1 Type 2
Bend radius
mm
4 100 120
6 110 140
8 130 165
10 150 190
12 165 210
15 195 250
20 225 285
25 260 325
32 300 380
40 340 430
50 390 490
65 460 580
80 660 800
100 750 1000
125 1000 1250
150 1250 1550
200 1600 2000
250 2000 2500
300 2400 3000
NOTE The dimensions listed in this table can be used for design purposes; see the

manufacturer for confirmation.

— leakage of the hose, and/or

— alocalized reduction of the hose radius (as measured at the start of the test) of more than 50 % during the test.

22
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5.7.2.1 Test for DN sizes up to and including DN 100 (U-bend test)

The test shall be conducted using metal hose assemblies mounted to form a vertical loop as shown in Figure 6.
The active live length, /., of the assembly shall be as given in Formula (9).

The distance between the axes of the end fittings shall be equal to twice the bend radius (fatigue test)
given in Table 8.

The metal hose assembly shall be subjected to repeated sinusoidal flexing at a rate of 5 cycles/min to
30 cycles/min in a direction parallel with the axis of the hose through a motion of 2x and where the active live
length, /., is given by Formula (9):

N=4r+x (9)
wherg

] is the bend radius, in millimetres (fatigue test);

Az is 4 x DN, in millimetres, or 125 mm, whichever is the greater;

DN is the nominal size, in millimetres.
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r

oYY

R

R

Key
x motion
a2  One cycle

Figure 6 — Fatigue test

5.7.2.2 Test for DN sizes over DN 100 (Cantilever bend test)

The metal hose assembly shall be rigidly fixed at one end as shown in Figure 7. The other end shall be moved
by means of a lateral force, so that a lateral deflection, x, as given in Table 9, is achieved. The active live length,
L, shall be six times the nominal size.

The hose shall be subjected to repeat sinusoidal flexing at a rate of 3 cycles/min to 15 cycles/min in a lateral
direction to the axis of the hose.
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Figure 7 — Cantilever bend test

Table 9 — Cantilever bend test

) Flexibility

Nc)srir1z|:al Types 1 Type 2

DN Lateral deflection, x

mm

125 65 50

150 70 55

200 30 65

250 90 70

300 100 80
NOTE In this table, the lateral deflection represents

approximately the bend radius defined for the fatigue test, as
given in Table 8, and is based on test experience.

After the fatigue test, the test sample shall be dried and the leaktightness test performed in accordance with 5.2.
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5.8 Electrical conductivity

5.8.1 Requirements

A corrugated metal hose shall be electrically conductive. The electric resistance of a corrugated metal hose
shall not exceed 1 Q/m.

5.8.2 Test

A corrugated metal hose of 1 m nominal length shall be connected between copper dummy fittings. These
dummy fittings shall be connected for a maximum of 1 min to a current of 25 A supplied by a generator whose
open-circuit yoltage does not exceed 12 V.

The voltage frop shall be measured between the dummy fittings. The resistance shall be calculated from the
voltage dropfand the related current, both measured to an accuracy of +2 %.

The electricql resistance of the cables shall not be included in the measurement.

6 Evaluation of conformity

6.1 Declaration of products relating to the conformity assessment method

A manufacturer or an assembler may use a third-party conformity assessment or he/she can choose not to.
Depending on the assessment method (see Table 10), they shall declare their products as follows.

— Corrugated metal hose manufacturers using certification shall declare the products as “corrugated metal
hose cettified to ISO 10380”.

— Corrug:ﬁed metal hose manufacturers having internatly tested their products without third-party confdrmity
assessment shall declare their products as “corriigated metal hose in accordance with ISO 10380". In
that casg, the manufacturer shall be capable ofitdemonstrating to a customer or third party that the|tests
required by this International Standard were successfully performed.

— Assemblers using third-party conformity assessment for their assembling method and using “corrugated
metal hgse certified to ISO 10380"/shall declare the metal hose assemblies as “metal hose assenpblies
certified|to ISO 10380".

— Assemblers using “corrugatéd-metal hose in accordance with ISO 10380” or “corrugated metal |hose
certified|to 1SO 10380” together with assembling methods internally assessed shall declare the metal
hose assemblies as “metal hose assemblies in accordance with ISO 10380”. In that case, the assembler
shall be capable of demonstrating to a customer that the tests required by this International Standard|were
successfully perfgrmed.

Table 10 — Declaration for products versus conformity assessment method

Assessment for Assessment for metal Type of declaration
corrugated metal hose hose assemblies for products
“Product certified
Certification Certification in accordance with
ISO 10380
Certification Internal procedure “Product in
] o accordance with
Internal testing Certification ISO 10380”
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General

The conformity of corrugated metal hose and metal hose assemblies to the requirements of this International
Standard and with the stated values shall be demonstrated by the following:

initial type testing;
factory production control;

product/procedure assessment.

For the purposes of testing, corrugated metal hose and metal hose assemblies can be grouped into families of

the s
charad

Brazd
exce

NOTH

Bme nominal size DN and similar design, which shall mean that the declared periormance
cteristics are representative of the family.

bd and welded corrugated metal hose assemblies shall be considered part of the.same fg
btion of the burst tests performance (see 5.5.2).

A similar family, as an example, can be a hose assembly made out of the same’corrugated m

and the same assembling method, but a different end fitting design.

6.3

6.3.1

Anin
corru

q

q

NOTH
or brg

NOTH

6.3.2

Initia
chos

Many
the tq

If ond

Initial type testing

General

tial type testing shall be performed to show conformity 4e_this International Standard on the
gated metal hose being placed on the market and at the beginning

f the production of a modified corrugated metal\hose design and, where relevant, wherg

materials changes are taking place, and

f a new braid or modified braid design.

1 A change in fitting material is not.eonsidered a “change in component materials” as long as a qu
zing method is used.

2 Materials in the same corfasion resistance class given in Table 4 are considered materials of th

Performance requirements and test sequence schedule

type testing shallbe performed on samples of corrugated metal hose types according to 4.1
bn at random from™a production lot.

facturers.eonforming to 3.16 shall carry out the tests given in Table 11 and assemblers confo
sts given.in Table 12.

sample fails, the respective testing sequence shall be repeated with three additional samg

addit

of the tested

mily with the

etal hose type

first use of a

e component

alified welding

e same family.

and shall be

rming to 3.17,

les. All three

ondl samples shall fulfil the requirements. If this additional testing is not successful, a product

is required and initial type testing shall be repeated.
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Table 11 — Test sequence schedule for manufacturers
of corrugated metal hose and metal hose assemblies

Test Subclause Sample number
1to3 4and5 6 to 112
Leaktightness 5.2 X X X
Pressure resistance 5.3 X X X
Elongation 5.4 X — —
Electric conductivity 5.8 X — —
Burst pressure 5.5 X — —
Pliability 5.6 — X —£
Fatigue 5.7 — — X
Leaktightneks 5.2 — X xP

a8  Tests only applicable to types 1 and 2.

b Leakage dletection system to be integrated in the test bench, as described in 5.7.2.

Table 12 — Test sequence schedule for assemblers using corrugated metal hose

Test (Sub)clause Sample number
1to 3 4and5 6 to 11
Leaktightneps 5.2 X X
Elongation 5.4 X X X
Burst pressyire 55 X — —

A product from a manufacturer or an assembler using corrugated metal hose and braid separately supplied and
combined shall be subjected to certification in order to declare the resulting product a “product certified to ISO 10380”.

Performancgq tests carried out on behalf of customerrequirements and subjected to a third-party confgrmity
assessment ghall be recognized by any other third parties.

The result of all tests shall be recorded and held for at least 10 years after the date of the type test ¢f the
relevant product.

6.4 Subsequent type testing

Subsequent [type testing shall’be performed upon modification of product or production characteristics and
shall be perfprmed in the §equence given in Tables 11 and 12.

NOTE 1 The number‘ofisamples and/or the test sequence of subsequent type testing can be reduced if it is established
that performanmce characteristics compared with the already tested corrugated metal hoses are the same.

NOTE 2  Using-a braid from a different manufacturer, even if of the same specification, or a braid of different specification
is considered amuodificatiomof product:

6.5 Factory production control (FPC)

6.5.1 General

The manufacturer and the assembler shall establish, document and maintain FPC systems conforming to
a quality management system standard, e.g. ISO 9001, to ensure that the products placed on the market
conform to the declared performance characteristics. The FPC systems shall consist of written procedures
(works handbook), regular inspections and tests, and the results shall serve to control raw and other incoming
materials or components, equipment, the production process and the product. Records shall remain legible,
readily identifiable and retrievable.
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Assembling procedures shall be described in detail in order to ensure repeatability. Manufacturing records
shall be kept, thus enabling comparison between the procedure in use and defined manufacturing procedures.

The results of inspections or tests requiring action shall be recorded, as shall any action taken. The action to
be taken where control values or criteria are not met shall be recorded and retained for the period specified in
the manufacturer’s FPC procedures.

6.5.2 FPC requirements for manufacturers and assemblers

The manufacturer shall establish procedures to ensure that the given production tolerances for the corrugated
metal hose are in conformity with the declared values, derived from the initial type testing.

Varialnces in critical production tolerances, which directly influence the product characteristi¢q (elongation,
burst{pressure, pliability and fatigue life) shall be continuously tracked (in-process control, SRC, gtc.) and shall
be mpintained within the defined tolerances.

The ¢onformity of corrugated metal hoses and metal hose assemblies with the reSults of initia| type testing
shall be demonstrated with type testing as part of the FPC at regular intervals, as.given in Table [13.

Table 13 — Minimum frequency of tests for type testing.as part of FPC

Property Subclause, indicating the Minimum test samples Minimum frequency
relevant test of tpst
Elongation 5.4 Every hosg size and type Once every|three years
f same design (or family)

Burgt pressure 55 0 Once every|three years
TP produeéd by unmodified Y y
PIiaILiIity 5.6 metHod. Once every|three years

: Number of test samples (for
Fatigue 5.7 i i Once every five years
(typds 1-50, 1-10 and 2-10) . each) in accordance with Y Y

Table 11.

Techpically equivalent tests performed on-specific customer request can be considered par{ of the FPC
programme (see Table 13).

If a sjngle sample of the test batch fails, a further sample batch consisting of a minimum of twicg the original
sample batch from the same manufacturing lot shall be repeated; in addition, if one of the new damples fails,
appropriate measures shall be taken.

The manufacturer and thecassembler shall record the results of the tests specified above. The recprds shall, as
a minimum, include the-following information:

— identification of the corrugated metal hose lot tested,

— the date ofitesting,

— efest method performed,

— the test result,

— the authorized person responsible.
6.5.3 Manufacturer-specific FPC system requirements

6.5.3.1 Personnel

The responsibility, authority and relationship between the personnel managing, performing or verifying work
affecting product conformity, shall be defined. This applies, in particular, to personnel that needs to initiate
actions to prevent product non-conformities from occurring, and actions in the event of non-conformities and
to identify and register product conformity problems. Personnel performing work affecting product conformity
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