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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
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Compression-ignition engines — Steel tubes for high-pressure
fuel injection pipes —

Part 2:

Re

quirements for composite tubes

This
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pum
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refer
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ISO
ISO

ISO

3.1

Recq
betw

Tole

Scope
part of ISO 8535 specifies the dimensions of, and gives requirements for,"composite steel tu

b testing (Class 1).

Normative references

following referenced documents are indispensable for the application of this documen
ences, only the edition cited applies. For undated~references, the latest edition of theg
ment (including any amendments) applies.

104, Steel and steel products — General technical delivery requirements

6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

5892, Metallic materials — Tensile\testing

Dimensions and tolerances

Diameters

mmended jnside and outside diameters are given in Table 1. Other sizes may be used b
een supplier’and purchaser.

ances’on inside and outside diameters shall be as follows.

bes for high-

sure fuel injection pipes used on diesel (compression-ignition) enginés,(Class 2) and for fuel injection

. For dated
referenced

y agreement

a)

neida dismatar
IStee-Gratetet

2
122

b)

3

+ 0,05 mm for Class 2

+ 0,025 mm for Class 1)

Outside diameter, D

+ 0,06 mm for Classes 1 and 2

1) Tolerance in accordance with ISO 4093.
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c) Concentricity of the tube outside diameter relative to the inside diameter shall be proportional to the wall

thickness, as

3.2 Length

Length and tolerances on

shown in Figure 1

length sha

Il be by agreement between supplier and purchaser.

Table 1 — Recommended inside and outside diameters

7
—— %
= 2,36 %
= 2,65 %
2.4 /
- 3,35 %%

@ Based on1SO3
b Size combinations to

be used are those falling within the cross-hatched region.
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Figure 1 — Tube diameters

Material processing

Steel manufacturing process

fubes shall be manufactured from an unalloyed quality steel*or an equivalent quality steel pr
-making process that ensures a very homogeneous structure.

composite structure can be produced in various ways:
h seamless inner (liner) tube is indicated by “CA’;

B seamed inner tube is indicated by “CB”.

Surface quality

4.21 General

The

outside and inside surfaces of finished tubes shall be free from scale, rust, grooves, laps,

deeq pits or other injuriods defects.

4.2.42 Minimum surface quality of bore (Grade S)

The

nside of‘the tubes of bore Grade S shall be finished to ensure a smooth bore of accurate

mor¢ than.five imperfections (fissures, crevices, etc.) over 0,08 mm to 0,13 mm maximum de

Cros

5-seetion, using 50x magnification for examination (see Table 2). This does not apply to tube

pduced by a

laminations,

size with no
bth per tube
ype CB.

4.2.3 Higher surface quality of bore (Grades O, P, Q and R)

If closer control over the depth of imperfections is required, bore grades O, P, Q or R, assessed under the
magnification indicated (see Table 2), may be specified in the tube designation (see Clause 6). This does not
apply to tube type CB.
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Table 2 — Bore grades

Code Permitted imperfections Magnlfxlcatlon

S Asin4.2.2 50
No imperfections over 0,08 mm deep 100
are permitted; no more than five
imperfections over 0,05 mm deep are
permitted

Q A maximum of five imperfections over 100
6;02 MM to6;05 T deep

P A maximum of five imperfections over 200
0,01 mm to 0,02 mm deep

(0] No imperfections over 0,01 mm deep 500
are permitted

4.3 Surfdce finish

The outside|surface of the tube may be coated by metal plating or galvanizing, or may be submitted|to a
chemical sufface treatment (see Table 3).
The inside sprface of a CA tube shall remain uncoated.
Table 3 — Surface finish
Code Outside surface condition Application remarks
0 Not specified (at manufacturer’s choice) May have additional finish at manufacturef's
choice
1 Outside surface as-processed, withoutany additional Condition preferred for further surface
finish. Tubes annealed or normalized’in a controlled processing
atmosphere may be discoloured;.but shall be free from
loose scale.
2 Zinc electroplated with.a ceating layer thickness of 8 um | When minimum corrosion-resistance is
minimum and an additional colourless chromating 2 required. Not recommended for use with light
alcohol-based fuels such as methanol.
3 Zinc electroplated with a coating layer thickness of 8 um
minimum and an additional yellow chromating @
(4,5,6,7,8) | Reserved
9 As specified, subject to agreement

a8  Chromati

g as described in ISO 2080 and ISO 4520.
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Minimum mechanical properties of tube

The tubes shall comply with one of the classes of mechanical properties (Codes 1 to 2) resulting from the

steel

type and composite structure as listed in Table 4.

Table 4 — Mechanical properties

Code | Tube type | Minimum tensile Minimum upper Minimum elongation Maximum hardness
strength yield stress A5
Rm ReH
N/mm?2 N/mm? % HV 52 HV1 b
1 CB 310 205 30 130
2 CA 310 205 23 130 170
NOTE The mechanical properties apply when the tube is tested in accordance with ISO 6892 and,ISO,6507-1.
@  |As measured on the tube outside diameter.
b |As measured on the cross-section of the inner (liner) tube.
4.5 | Cleanliness
The pore shall be clean and free from any contamination or.¢oating which would impair the prgcessing and
serviceability of the tubes. Any special requirements shallbe’ agreed at the time of enquiry or order between
supplier and purchaser.
4.6 | Straightness
Unleps otherwise agreed between supplier.and’ purchaser, the tubes shall be straight within a maximum error

of 1

4.7
The
area

purc
engi

5

5.1

n 400 with no localised deformation.

Corrosion-resistance
putside and inside surfaces shall be protected against corrosion for transportation and storg
5. A permanent coating-may be used on the outside surface when agreed between

naser. Any temporary) Coating used shall not be injurious to the injection and combustior]
nes and shall be removable with diesel fuel.

Testing

General

ge in closed
supplier and
systems of

Unless otherwise specified, tests shall be carried out in accordance with 5.2 to 5.8.

5.2

Scope of tests

Tubes shall be tested by lots of the same processing during composite construction, structure, dimensions
and surface finish.

For the test in 5.4, a test inspector shall select one tube from each lot and for the test in 5.6, three tubes. The

tests

in 5.3, 5.7.1 and 5.8 shall be performed on all selected tubes.

For the test in 5.7.3, lot size, number of samples and acceptance limit shall be agreed upon between supplier
and purchaser in the order.
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5.3 Dimension measurements

The tube dimension shall comply with the specifications in Clause 3.

5.4 Mech

anical property tests

The tubes shall comply with the specifications given in Table 4. The tests shall be performed in accordance
with 1ISO 6892 and ISO 6507-1.

5.5 Bend

ing test

The tube sh
diameter, wi

5.6 Cold

A tube with
showing cra

The test sha

5.7 Surface quality test

571  Avi

572 Ifm

non-destructive test.

all withstand cold bending through 180° over a rod of the same diameter as the tube.ou
hout showing other than outside superficial cracks.

upsetting of tubes

wice the outside diameter (2D) length shall be capable of being compresséd-to length D wi
Cks exceeding 0,13 mm deep.

| be conducted between two plane and parallel plates in a suitable fixture.

tual check shall be carried out to ensure that tubes are inaccordance with 4.3.

itually agreed upon between supplier and purchaser, the visual inspection may be replaced

tside

hout

by a

5.7.3 If a proof of a specified defect depth in the bore_isrequired, an inspection by attributes, with an adreed
AQL (acceptable quality level) shall be set when ordering; the test shall be made on metallographic cfoss-
sections of the tube with the minimum magnification;specified in Table 2.

5.74 SurTce coatings on tubes with plated ‘or other treated surfaces shall satisfy tests on these coatings
when requirg¢d. Such tests shall be agreed.between supplier and purchaser.

5.8 Inside pressure test

Tubes shalll be capable of withstanding appropriate inside pressure agreed upon between supplier| and
purchaser.

This capabillty shall be~confirmed by a hydraulic test. Other non-destructive testing, such as electronic testing,
may be used if agreed dpon between supplier and purchaser.

5.9 Retes*ts

If, after testing in accordance with 5.4, the selected tube fails, two other tubes shall be tested from the same
lot to repeat the test. The same procedure shall apply to the test in 5.6. Each of the tubes taken shall meet the
test requirements. If any tube fails the test requirements, the whole lot shall be rejected.

The supplier may resubmit a rejected lot for acceptance in an improved condition, e.g. by repeating the heat
treatment. If, in this case, the test results of 5.4 and 5.6 do not fulfil the requirements, the whole lot shall be

rejected.
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5.10 Test certificate

A test certificate, if required [see 6 i)], shall be issued for each shipment, confirming that the tubes supplied
meet the specifications of this part of ISO 8535. For proof, the records of continuous production inspections
concerning the following tests may be used:

a) dimensions according to 5.3;

b) mechanical properties according to 5.4;

c) cold upsetting according to 5.6;

d) Visual inspection according to 5.7.1;
e) metallographic test according to 5.7.3;
f) |nside pressure test according to 5.8.

Inclusion of other test items in the certificate may be agreed upon between supplier and purchaser.

6 Pesignation

A stgel tube that meets the requirements of this part of ISO 8535 shall be designated as follows in the order
given:

a) the word “tube”;

b) reference to this part of ISO 8535;

c) tube type, using code letters “CA” or “CB”, in accordance with 4.1 (the first character, |C, indicates
omposite structure);

d) size — the second and third characters identify the nominal inside and outside diameters, regpectively, of
e tube, in millimetres;

e) ¢lass — the fourth character determines the bore tolerance [see 3.1 a)];
f) e fifth character identifies the mechanical properties of the tube in accordance with Table 4;

g) the sixth charageter identifies the bore grade of the tube in accordance with Table 2 (this does| not apply to
be type CB);

h) the seventh character identifies the treatment of the outside surface of the tube (see Table 3);

i) atthe end of the designation, the letter “Z” may be added to indicate that a certificate frbm the tube
manufacturer is required for confirmation of compliance with this part of ISO 8535 and additional delivery
requirements, if any (see 1ISO 404).
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