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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.

The procedpres— his—doed ot o
described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may be the subje

ia neededdo

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe

constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

assessment)| as well as information about ISO’s adherence to*the WTO principles in the Technical

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information.

The committee responsible for this document is ISO/TC 79; Light metals and their alloys, Subcomm

SC 11, Titanium.

ittee
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INTERNATIONAL STANDARD

ISO 18762:2016(E)

Tubes of titanium and titanium alloys — Welded tubes
for condensers and heat exchangers — Technical delivery

conditions

1 Scope

This|International Standard specifies requirements for the manufacture of welded tulbbe§ made from
titanfium or titanium alloys, for use in condensers and heat exchangers.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition’ cited applies. For undated
referjences, the latest edition of the referenced document (including anyxamendments) applies.

[SO §892-1, Metallic materials — Tensile testing — Part 1: Method-of test at room temperatute

ISO §492, Metallic materials — Tube — Flattening test

ISO §493, Metallic materials — Tube — Drift-expanding test

ISO 10474, Steel and steel products — Inspection documents

ISO 45902-1, Titanium pipes and tubes — Non-destructive testing — Part 1: Eddy-current examination
[SO 25902-2, Titanium pipes and tubes — Non-destructive testing — Part 2: Ultrasonic testing for the
deteqtion of longitudinal imperfections

ASTM E29, Practice for Using Significant Digits in test Data to Determine Conformance with Specifications
ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM E120, Test methods(for-Chemical Analysis of Titanium and Titanium Alloys

ASTM E1409, Test method for determination of oxygen and nitrogen in titanium and titanium|alloys by the
inert|gas fusion technique

ASTM E1447, Fest method for determination of hydrogen in titanium and titanium alloys by the inert gas
fusion thermal¢onductivity/ Infrared detection method

ASTM E1941, Standard Test Method for Determination of Carbon in Refractory and Reactivg¢ Metals and
theirlAllavs by Combustion Analvsis

3 Information to be supplied by the purchaser

3.1 General information

The purchase order shall include the following information:

a) quantity (e.g. total mass or total length of tube);

b) grade number;

)

© ISO

outside diameter and wall thickness (minimum or average);
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d) length and type of length (random or fixed lengths);
e) method of manufacture and finish;

f) non-destructive tests;

g) packaging;

h) inspection;

i) certification.

3.2 Optigns

A number of
that the pur
order, the ty

a)
b)
‘)

Restrict
Product

Special

4

The welded
process and
forbidden.

Manuf

After welding, the tubes shall be annealed at a temperature between 500 °C to 800 °C when ag

upon betwe

5 Requil

5.1 Gene

When suppl
tubes shall ¢

5.2 Chen

The titaniun

options are specified in this International Standard and these are listed below.dn-the §
Chaser does not indicate a wish to implement any of these options at the time 0f enquiry
bes shall be supplied in accordance with the basic specification.

ive chemistry (see 5.2).
analysis (see 5.2).

Inechanical properties (see 5.3).

acturing

tube shall be made from flat-rolled strips by an@utomatic arc-welding, a laser we
other welding processes. Use of a filler material'is not permitted. Butt-welds are absol

n the manufacturer and purchaser and-so stated in the purchase order.

rements

ral

onform to the réquirements of this International Standard.

lical compesition

h and-titanium alloys shall conform to the chemical requirements prescribed in Table

bvent
y and

lding

utely

reed

jed in the delivery condition indicated in 4.1 and inspected in accordance with Clause §, the

The element

stisted in Table 1 are either intentional alloy additions or elements that are inherent t

o the

manufacture of titanium sponge, ingot, or mill product.

The content

of any element intentionally added to the heat during melting shall be reported.

When agreed upon between the producer and the purchaser and specified in the purchase order, other

specific resi

dual elements not listed in Table 1 may be added; their content shall be reported.
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5.3 Tensile properties

The room temperature tensile properties of the tubes shall conform to the requirements prescribed in
Table 2.

Mechanical properties for conditions other than those given in this table may be established by
agreement between the manufacturer and the purchaser.

Table 2 — Mechanical properties at room temperature

TS YS or 0,2 %Offseta .
Grade Designation MPa MPa Elongation
& . X 50 mm min-%
min max min max
1 (PTi240 240 138 310 24
1H (PTi270 270 410 24
2L (PTi340 340 510 23
(PTi345 345 275 450 20
(PTi450 450 380 550 18
3H (PTi480 480 620 18
7L TiCRO0,18Pd340 340 510 23
TiCR0,18Pd345 345 275 450 20
TiA3Al2,5V 620 483 — 12
12 TiCR0,3Mo00,75Ni483 483 345 — 12
16L TiCR0,06Pd345 345 515 20
16 TiCR0,06Pd345 345 275 450 20
26 TiCRO,11Ru345 345 275 450 20
31 TiCR0.05Pd0.5C0345 345 515 20
33 TiCRO,015P- 345 20
d0,03Ru0,45Ni0,15Cr345
37 TiCRO,1,5A1345 845 215 450 20
a  YSor0,2 PoOffsetis specified for the tublesannealed and no specified property for as deformed tubes.
5.4 Flattening test
The test shalll be carried outyn accordance with ISO 8492.
The tubes shall be flattened under a load applied gradually at room temperature until the distance
between thg load platens reaches the value H calculated by Formula (1):
(1 + e) t
H = -— (1)
t
e+ —
DJ
where

H isthe distance between platens under load, in millimetres;
t isthe specified wall thickness, in millimetres;
D s the specified diameter, in millimetres;

e isaconstant, the value described in Table 3.

4 © IS0 2016 - All rights reserved
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Table 3 — constant value of “e”

The T
maxi

Aftel
the y
rejed

How

Grade Designation Constante
1 CPTi240 0,07
1H CPTi270 0,07
2L CPTi340 0,07
2 CPTi345 0,07
CPTi450 0,04(0D = 25,4 mm) 0,06(0D > 25,4 mm)
3H CPTi480 0,04(0D = 25,4 mm) 0,06(0D > 25,4 mm)
TiCR0,18Pd345 0,07
TiA3Al2,5V To be negotiated
12 TiCR0,3M00,75Ni483 To be negotiated
16L TiCR0,06Pd345 0,07
16 TiCR0,06Pd345 0,07
26 TiCRO,11Ru345 0,07
31 TiCR0.05Pd0.5C0345 {0,07
33 TiCRO0,015P- 0,07
d0,03Ru0,45Ni0,15Cr345
37 TiCRO,1,5A1345 0,03

veld shall be positioned on the 90° or 270° centreline during loading so as to be subj
mum stress.

tion.

bver, when low D-to-t ratio tubular products are tested, because the strain imp

geonpetry is unreasonably high on the“inside surface at the 6 o’clock and 12 o’clock locatio

thesg

The 1

5.5

Tubg
requ
eithe
cracl

 locations shall not be cause for rejection if the D-to-t ratio is less than ten (10).

esults from all calculations are to be rounded to two decimal places.

Reverse flattening test

rement IL, ‘A-Section of the tube, approximately 100 mm (4 in) long, that is slit longit

King is;permitted.

lected to the

testing, the test piece shall be free from gkacks or breaks. Examination for cracking shall be by
naided eye. However, slight incipient cracks at its edges shall not be regarded as justification for

bsed due to
hs, cracks at

s shall be subjected to a reverse flattening test in accordance with ASTM A370 supplementary

hdinally 90°

r side of.the weld, shall be opened and flattened with the weld at the point of maximyim bend. No

5.6

e 3= Fan| ] 3 .
DUITIUCCAPAdIIUIIlyg (IIdI'TIIg j et

The test shall be carried out in accordance with ISO 8493.

The tube section, approximately 100 mm (4 in), shall be expanded with a 60° conical tool, until the
percentage increase in inside diameter shown in Table 4 is reached. After testing, the test piece shall
be free from cracks or breaks. Examination for cracking shall be by the unaided eye. However, slight

incip

© ISO

ient cracks at its edges shall not be regarded as justification for rejection.

2016 - All rights reserved
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Table 4 — Drift expanding (flaring) requirements

Grade Designation Expansion or; iilrllf):/ide diameter

1 CPTi240 22
1H CPTi270 14
2L CPTi340 14
CPTi345 20

CPTi450 17

3H CPTi480 14
7L TiCR0,18Pd340 14
7 TiCR0,18Pd345 20
9 TiA3AlI2,5V 20
12 TiCR0,3M00,75Ni483 17
16L TiCR0,06Pd345 14
16 TiCR0,06Pd345 20
26 TiCR0,11Ru345 20
31 TiCR0.05Pd0.5C0345 14
33 TiCRO0,015P- 14

d0,03Ru0,45Ni0,15Cr345
37 TiCRO0,1,5A1345 14

5.7 Non-destructive tests

5.7.1 Genleral

The tubes shall be tested using a pneumatic test together with an eddy current test and an ultrasonig

Any tubes showing an indication in excess of‘that obtained from the calibration standard shall b
aside and b¢ subject to rework, retest ortrejection. A tube thus set aside may be examined furthg
confirmatiop of the presence of a defest and may be resubmitted for inspection if no defect is fg
Any tubes may also be resubmitted for inspection if reworked so as to remove the defect withi
specified diameter and wall thickngss tolerances (rework by weld repair is not permitted).

5.7.2 Pneumatic test

Each tube shall withstand an internal air pressure of 0,69 MPa minimum, for 5 s minimum, wif
showing evildence of\léakage. The test shall permit easy detection of any leakage by using eithe
pressure differential method or the air under water method. Any evidence of leakage shall be caus;

rejection.

test.

e set
r for
und.
h the

hout
r the
e for

At the option of the purchaser, this pneumatic test can be replaced by the helium leak test with a
maximum acceptable leak rate of 10-4 Pa.m3.sec’! (10-3 atm.l.sec').

5.7.3 Eddy current test

Each tube shall be 100 % inspected by the Eddy current test in accordance with ISO 25902-1.

5.7.4 Ultrasonic test

All tubes shall be 100 % inspected according to ISO 25902-2 by ultrasonic test in the longitudinal.

At the option of the purchaser, a transversal inspection can be done in addition of the longitudinal

inspection.

© ISO 2016 - All rights reserved
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5.8 Surface conditions, imperfections and defects

The finished tubes shall be clean and free of foreign material, shall have smooth ends free of burrs, and
shall be free of injurious external and internal imperfections. Minor defects can be removed, provided
that the dimensional tolerances are not exceeded.

5.9 Dimensions and tolerances

Variations in diameter and wall thickness from those specified shall not exceed the amounts prescribed
in Table 5.

Tdble 5 — Permissible variations in outside dimensions based on individual meaS||lrements

Outside diameter Diameter tolerances Wall thickness tolerankces
mm mm %
Under 25,4 mm excluded +0,102 mm +10%
25,4 mm to 38,1 mm excluded +0,127 mm 10 %
38,1 mm to 50,8 mm excluded +0,152 mm +10 %
50,8 mm to 63,5 mm excluded +0,178 mm +10 %
63,5 mm to 88,9 mm excluded +0,254 mm +10 %

Thesle permissible variations in outside diameter apply only to tubes as finished at the| mill before
subsequent swaging, expanding, bending, polishing, or otherfabricating operations.

Whep minimum wall tubes are ordered, wall thicknes§’tolerances are all plus and shall bg double the
valugs shown.

The putside diameter shall not vary from that sgecified by more than the amounts given in Table 5 as
meagured by “go” and “no go” ring gages.

Wheh the maximum outside diameter tubes are ordered, the diameter tolerance is all minus and shall
be dguble the value shown.

The |nside diameter of the “go”.ring gage shall be equal to the nominal tube diameter plus the plus
tolerpince plus 0,051 mm. The length of the “go” ring gage shall be the larger of 25,4 mm or [the nominal
tube|diameter.

The Inside diameter of‘the “no go” ring gage shall be equal to the nominal tube diametdr minus the
minys tolerance. The-length of the “go” ring gage shall be the larger of 25,4 mm or the npminal tube
diameter.

For tube diapdeters not listed in Table 5, the dimensional tolerances shall be agreed upon the purchaser
and the manufacturer or supplier.

— Length: when tube is ordered cut to length, the length shall not be less than specified, byt a variation
3,2 T with be permitted o tube up to 7,3 M INCIUSIvVe. FoT Tengtis OVer 7,3 1, an additional over
tolerance of 3,2 mm for each 3,05 m or fraction thereof shall be permissible up to 13 mm maximum.

— Straightness: the tube shall be free of bends or kinks and the tubes shall roll freely on the
inspection table.

Maximum local deviation: 2 mm/m

Total maximum deviation: 0,15 % of the tube total length

5.10 Finish

The tubes are to be cut at right angles to the tube axis and the tube ends shall be free from burrs. The
angle of cut of the end of any tube may depart from square by not more than 0,016 mm/mm of diameter.

© IS0 2016 - All rights reserved 7
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6 Inspection
6.1 Types of inspection and inspection documents

6.1.1 General

Compliance with the requirements of the purchase order shall be checked by specific inspection in
accordance with ISO 10474.

Inspection documents shall be in printed form or in electronic form as an EDI transmission that
conforms t

anuv EDLsorcement hetween the nurchaser and the manufacturer
Y £ PH- & L

6.1.2 Inslection documents

If agreed, the manufacturer shall furnish ISO 10474 Inspection Certificate 3.1. or 3.2.

6.2 Specific inspection

6.2.1 Inspection frequency

6.2.2 Samples and test pieces for product analysis

All tests and inspection required by this International Standard-shall be made at the place of the

shall

manufactur
be so condu
order, the m

e prior to shipment and at the manufacturer’s expense unless otherwise specified and
‘ted as not to interfere unnecessarily with the opé€ration of the works. When specified i
anufacturer shall notify the purchaser in time so that the purchaser may have his insp

n the

pctor

present to witness any part of the tests that may be desired.

When agres
material copforms to the requirements of this International Standard shall be the basis for accept
of the matefial. Otherwise, the manufacturet.shall report to the purchaser or his representativ
results of the chemical analyses and mechanical tests made in accordance with this Internat
Standard.

d upon in writing between the manufacturer and the purchaser, a certification that the
ance
e the
ional

6.2.3 Samples and test pieces for-mechanical tests

6.2.3.1 Ge¢neral

The test sp hose

described i1

ecimens and¢the tests required by this International Standard shall conform to {
ISO 6892~1.

All routine mechanical tests shall be made at room temperature.

6.23.2 N

1 £ 4
IIOCTIT UL IS5

One sample shall be selected from lots of 1 600 m or less. For lots greater than 1 600 m, one sample shall
be selected from the first 1 600 m and one additional sample shall be selected from each additional
1 600 m or less in the lot. Samples are to be selected at random and in no case shall more than one
sample be taken from a single tube length. The size of the lot may be either the manufactured lot or the
purchased lot at the manufacturer’s option.

Chemical composition of the lot shall be the ingot manufacturer’s analysis, except for hydrogen, which
shall be determined on each sample from the lot. Hydrogen determination shall be one (1) tube analysis
per strip mother coil.

One tension test shall be made on each sample.

One flattening test in accordance with 5.4 shall be made on each sample.

8 © IS0 2016 - All rights reserved
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