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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 procedures—tsed—to—develop—this—documentand e ded—+o e 3 3
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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hation on the meaning of [SO specific terms and expressions related to conformity assessment,
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Introduction

4:2016(E)

Modern fuel injection systems contain many closely controlled clearances and rely on the fuel-flowing
characteristics of small orifices. Thus, they require the close control of sources of contamination in
order to maintain the operational performance demanded of them throughout their design life. To this
end, such systems are designed with integral fuel-filtration equipment, which reduces the amount of
potentially damaging debris that could enter the system from external sources.

However, contamination of the fuel injection system can also occur internally, from system use or
wear, from equipment servicing, or as a result of the original supplier’s manufacturing and assembly
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the assessment of the cleanliness of the fuel injection equipment as originally ,sup
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injection systems comprise a number of components. These are the low pressure el
pipe-work, filters, lift pump, etc.), a high pressure fuel pump, a high-pressuré pipe, a f]
h pressure sensor and fuel injectors.

hg the preparation of this document, the importance of care in the"handling and m

tion equipment make this a particularly difficult task. For this'document to be used
1 indicator of component cleanliness and a driver towards higher quality standar
tion to detail is required of the user. Verification requirements for the test equipmse
fore emphasized. Helpful standards for appropriateiconditions and handling are

bgraphy.

tive basis. The actual quantitative levels can-only be set in relation to other parame
een the manufacturer, supplier and user. This document provides a set of procedures fg
leanliness of fuel injection equipment and a framework for a common measurement arn
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Gasoline engines with direct injection — Cleanliness

assessment of fuel injection equipment

WARNING — Application of this document may involve the use of hazardous materials, operations
and equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this document to establish appropriate safety
and health practices and determine the applicable regulatory limitations prior to use.

1

$cope

Thisdocument specifies cleanliness assessment procedures for evaluating the amopunt of de
on the clean side of the constituent parts of high pressure gasoline direct fuel\injection s
presence of such debris could lead to a reduction in the system’s operational performance.

Whi
com

—

other International Standards (e.g. ISO 16232 series) relate to thé-cleanliness of differ
onents used in road vehicle fluid circuits, this document focuses:on the special proced

for the components of gasoline direct fuel injection systems.

2
The

Normative references

following documents are referred to in the text.in such a way that some or all of t

consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 3696, Water for analytical laboratory use~- Specification and test methods

ISO

12345, Diesel engines — Cleanliness.assessment of fuel injection equipment

ISO 14644-1, Cleanrooms and associated controlled environments — Part 1: Classification of a
by pqrticle concentration

ISO

16232-3:2007, Road vehicles — Cleanliness of components of fluid circuits — Part 3

extrdction of contaminant§ by pressure rinsing

ISO

16232-5:2007, Road vehicles — Cleanliness of components of fluid circuits — Part j

extrdction of contaiminants on functional test bench

ISO

|6232-7, Road vehicles — Cleanliness of components of fluid circuits — Part 7: Particl

counting bysmicroscopic analysis
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erms and defitnions are listed in this document.

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

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp
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4 Procedures

4.1 General

All tests shall be carried out in a clean laboratory environment. Failure to achieve a satisfactory blank
test level of contamination could indicate unsuitable control of test conditions. Clean room conditions
according to ISO 14644-1, class 8, are recommended as a minimum for these procedures.

The appropriate method to determine the required amount of fluid is by use of an extraction curve, as
described in ISO 16232-3:2007, 6.2 and 1SO 16232-5:2007, 6.2 (see also ISO 16232-3:2007, Figure 1 and
ISO 16232-3:2007, Figure 1). In order to avoid each laboratory finding a different amount of fluid to be

required, a
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ruideline for the volume is given here for each component.

sts described in [SO 16232-3:2007, 6.3 and ISO 16232-5:2007, 6.3, are importantprocec
quality of the laboratory equipment and shall be carried out once a week.

lures

ing the test procedure, the outer surface of the component or assembly shall be thoroyghly

sing a fluid like for the cleanliness assessment.
bnt covers the following components of the fuel injection equipment:

Pssure pump;

PSsure pipe;

pSsure sensor.

ral test conditions
1g conditions are valid for all the'components of the injection equipment.
: Gasoline test fluid (hydroearbon similar to gasoline).

h components which during the production process did not come into contact
rbons, deionised water according to ISO 3696, Grade 3 with detergent also is possiblg
5, rails, high pressure sensors).

hture: Room temperature.
ressure:Atmosphere.

ationy<5 pm.

with
(e.g.

Contamiinant filter: Cellulose filter 5 ymto 8 pm

4.3 High pressure pump

4.3.1 Method A

This test method refers to ISO 16232-5. The test of the high pressure pump shall be carried out by
operating the pump on a functional test bench close to the conditions of the engine. This concerns, for
example, plunger stroke, driving frequency, fuel flow. The pump under test is assembled to a cam box
and driven by an electric motor.
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Care shall be taken that no contamination from the outside surface of the connectors for fluid inlet and
for fluid outlet is transferred to the fluid circuit.

Inlet pressure Operation Fluid quantity Point of discharge
. . 1,81t0 2,51
0.5..2 MPa Pump in operation oth - X
1 ther quantities to be prov- Pump high pressure outlet
(absolute) 300 rpm to 1500 rpm en by extraction curve as per PP

steady-state

ISO 16232-5

Method A is the preferred method for the high pressure pump.

4.3.7 MethodB
If Mdthod A cannot be applied for any technical or economical reason, Method B shallbe used. This test
metHod refers to [SO 16232-3 with pressure rinsing.
Inlet pressure Operation Fluid quantity Point of discharge
20,21
D,1...0,5 MPa Flushing with help ofa Other quantities to be prov- Pump high prdssure outlet
(absolute) pump or of a syringe en by extraction curvé.as per
ISO 162323
4.4 | Injector
The |njector shall be operated by applying the electrical energising like at the engine. The resulting

vibrd
bring

the

fluid

The
in or

tions and pressure pulsations are considered tobe essential for removing the conta
ring it out of the injector. The injection period, (energising time) may be increased to a
tptal cycle in order to get a high through flow to wash the particles out and to reach {
quantity in an appropriate time.

flow direction shall be reverse to:the injection direction (with the internal fuel filt
der to ensure that the orifices of-the injector will not retain any particles. Only for s

rEination and

out 90 % of
he required

er removed)
ich types of

injectors where the internal filter'cannot be removed that the normal flow direction shall He applied.
Iplet . . . . .
Operation Fluid quantity Point of diischarge
prg¢ssure
Flushing frem’'nozzle holes to injector inlet
(reverse-direction) with injector in operation
(dynamiic) with fll.ter 1_"er_nqved.. If f1_lter c_annot 11 for “dry”ainjec- | Injector inlet, inlet filter
a5 .. be temoved, flushing in injection direction. .
2d MPa tors, of injector emoved. If
I Energising frequency: 1 000 min-1 to 0,2 1 for “wet” filter cannot pe removed,
(abgolute) -2 o L
2 000 min injectors injector|outlet.
Energising time: approximately 90 % of the
Tmjection cycte
a  “Dry” injectors did not see any fluid after being assembled, while “wet” injectors were tested with fluid.
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