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Foreword

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

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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INT

ERNATIONAL STANDARD ISO 12345:2013(E)

Diesel engines — Cleanliness assessment of fuel injection

€q

1

uipment

Scope

This International Standard specifies cleanliness assessment procedures for evaluating the amount of

debrfsfounmd withim the tleam side of dieset fuet injectiom assembiies, witich coutd fead toa
the system’s operational effectiveness.

Whi

le other International Standards, e.g. the ISO 16232 series, relate to cleanliness oficomp

in ropd vehicle fluid circuits, this International Standard is focused on diesel fuel injection a
supplied to diesel engine manufacturers or the service market.

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its application. For dated references, onlythe edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl

[SO 4008-1, Road vehicles — Fuel injection pump testing —Part 1: Dynamic conditions

ISO 4113, Road vehicles — Calibration fluids for dieselinjection equipment

ISO 4788, Laboratory glassware — Graduated me@suring cylinders

ISO 1

asse

(440-1, Road vehicles — Fuel injectionequipment testing — Part 1: Calibrating nozzl
mblies

ISO 8535-1, Diesel engines — Steel tubes for high-pressure fuel injection pipes — Part 1: Reqy
seamlless cold-drawn single-wall tubes

ISO

8984-1, Diesel engines — Testing of fuel injectors — Part 1: Hand-lever-operated testing

appayatus

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

ISO

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

contgminants.on functional test bench

ISO
dete

16232-6, Road vehicles — Cleanliness of components of fluid circuits — Part 6: P

eduction in

onents used
ssemblies as

ent and are
For undated
es.

> and holder

irements for

and setting

r cleanliness

pxtraction of

nrticle mass

nmination by gravimetric analysis

ISO 16232-7, Road vehicles — Cleanliness of components of fluid circuits — Part 7: Particle sizing and
counting by microscopic analysis

[SO 16232-9, Road vehicles — Cleanliness of components of fluid circuits — Part 9: Particle sizing and
counting by automatic light extinction particle counter

SAE

3

] 1549, Diesel fuel injection pump — Validation of calibrating nozzle holder assemblies

Terms and definitions

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

© IS0 2013 - All rights reserved
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fuel injection equipment cleanliness code

FIECC

alpha-numeric code representing the distribution of particles by size and/or weight

3.2
cleanliness
CL

level

amount and/or nature of contaminant present on the controlled surfaces and/or in controlled volumes
of a component

Note 1 to ent

3.3
cleanliness|
CS

document that specifies the cleanliness level CL required for a given component along’with the ag

inspection 1

3.4

reynolds n@imber

Re
dimensionld
given by the

where

3.5

blank test
analysis caf
component

Tl i 1 i +1 a | L | <l i PRy o i H A
_)’ » TTIICTLTTIIT Call ayyl_y LU LIIT Pl COUIIITY, DPCbll ICTU UL TTIITAOSUITU TALUTIIU UL CUIILAIIIIIIAtIUILL.
specification

hethod

ss parameter expressing the ratio between the inertia andviscous forces in a flowing
formula

_Uxl
v

Re

is the mean axial fluid velocity across the'defined area, expressed in millimetres per s
ponds

is the characteristic dimension ofthe system over which the flow occurs, expressed in
l[imetres

[for pipes [ = d (pipe bore diameter)]

is the kinematic viseosity of the fluid, expressed in square millimetres per second (cen|
tistokes).

br the'‘component being a “clean” master sample used only for this purpose

reed

fluid,

£C-

mil-

ried .out 'with the same operating conditions as on the test component but withouft the

Note 1 to en

process or materials used.

3.6

blank value/ level
result obtained from the blank test

try: The blank test allows quantification of the contamination brought in from the environment,

© ISO 2013 - All rights reserved
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4 Test apparatus

4.1 General
Typical test equipment recommended for measuring fuel-injection equipment cleanliness are described

in Annex A. Following are details of specific apparatus that shall be used, unless a suitable alternative
can be demonstrated.

4.2 Pressure source

4.2, General

The pressure source is test dependent as described in the following subclauses.

4.2.2 Fuel injection pump test bench

A sinjgle cylinder inline pump as specified in SAE J1549 and a test bench as.specified in ISO #008-1.

4.2.3 Hand-lever-operated testing and setting apparatus

A tedting apparatus as described in ISO 8984-1.

4.2.4 High-pressure pulsating flow rig
A pre¢ssure source capable of achieving

a) 4 flow rate which will generate a turbulent flow in the pipes (Re > 4000) for a period pf30s + 15,
yhile pulsating the flow between zero and this value at a frequency of 0,2 Hz to 1 Hz, fpllowed by

b) aflushat1,4 MPa £ 0,1 MPa constant pressure for 15s+ 1.

4.2.5 Verification low pressure pump

A plynger or diaphragm-type pump having a flow rate of approximately twice the rated yalue for the
component under test at a pressure of at least 2 MPa.

The perification low-pressure pump shall be cleaned to the cleanliness level CL in accofdance with
Anngx C and carefully-stored with proper cover in a clean environment.

4.2.4 Verification high pressure delivery pump

For testingefligh-pressure pipes with open ends, having a flow rate capable of generating a Reynolds
numberin\the pipes of Re > 4000. A pressure capability of 3 MPa + 0,1 MPa is considered syitable.

The rerifir‘qfinn hiah pressure delivern FaVERaalal shall ho cloanoed ta the cloanlinacc laval C1 3 accordance

Tt TS It o ¥ PP oot D e ettt e e e Eo o1V S ot

with Annex C and carefully stored with proper cover in a clean environment.

4.2.7 Pressure vessel

Used as pressure source, shall be able to supply a testing pressure of at least 0,5 Mpa ( =5 bar) and to
produce a turbulent flow inside the rail (recommended flow rate at least 2,5 1/min).

4.2.8 Flushing pump

For testing of rails with open ends, having a flow rate of at least 0,1 I/min. For this pump a pressure
capability of up to 0,1 MPa = 0,01 MPa is considered suitable.

© IS0 2013 - All rights reserved 3
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4.3 Verification high-pressure pipe assembly

600 mm long, of tube ISO 8535-1 S-2-6-2 1 P 0, as specified in ISO 8535-11), and suitable for the component

under test.

Stainless steel tubing should be used because of its resistance to rust and corrosion contamination. The
verification high-pressure pipe assembly shall be cleaned to the cleanliness level CL in accordance with
Annex C and carefully stored with proper cover in a clean environment.

4.4 Verification test injector

In accordan

The inlet ed

passage. Th

4.5 Colle

Which may
different frg
filter.

The collecti
for analysis
facilitating f

4.6 Verifi
Needed to e

For the veri
and carefull

4.7 Equipment for contamination.measurement

4.7.1 Gen
Involving th|
— gravimg
microsd

Each requir

Ce with 150 /7440-1, Titted with an orifice plate of orifice diameter 4,0 mm.

ge filter shall be removed, while the pintle end may be removed to improve the pa
e nozzle opening pressure shall be set to 20,7 +i)(’)3 a.
cting vessel

be necessary for collecting test fluid downstream from the tested‘equipment at a flow
m that passing through the particle counter, the contaminatiopimonitor or the membt

ng vessel may be used for storing test fluid before tramsfer fluid samples to labor
A cylindrical stainless steel or glass reservoir with @‘conical bottom should be use
urther particle collection.

cation rail
stablish the cleanliness level CL for the whele rail cleanliness test apparatus.

Fication the verification rail shall be €leaned to the blank value in accordance with Anj
[y stored with proper cover in a cleatrenvironment.

eral

e application of twe specific techniques for evaluating the level of contamination:
tric analysis;

opic examynation.

s the'specific laboratory apparatus as given in 4.7.2 to 4.7.3.

rticle

rate
rane

itory
d for

(@]

4.7.2 Gravimetric analysis apparatus

NOTE

For gravimetric analysis see ISO 16232-6.

4.7.2.1 Non-ventilated drying oven

Capable of maintaining a temperature of 80 °C * 2 °C.

1) Use of stainless steel tubing is recommended to resist rust and corrosion contamination.

4
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4.7.2.2 Filter holder

Comprising

— glass funnel of atleast 300 ml capacity with suitably calibrated volumetric graduations (e.g. 25 ml +
2 ml),

— suitable cover for the funnel (e.g. petri dish),

— clamping device,

— suitable base to support the membrane filter, and

q

4.7.2

Suitg

refilling.

4.7.2
Able

4.7.2

A pry
grea

4.7.2
Flat-

4.7.2

Forn
unle

4.7.2
Of 2§

suitable internalpolymeric seal.

4.7.2

3 means of dissipating any static electricity generated during the filtering process.

.3 Vacuum flask

ble for the filter holder and of capacity enabling it to hold the entire volunie of sample lig

4 Vacuum device

to generate a vacuum of 86,6 kPa (gauge).

.5 Solvent dispenser (syringe)

essurized vessel that discharges solvent through afin-line filter membrane with a pof
er than 1 um.

.6 Tweezers

bladed (non-serrated, blunt tips), and/of stainless steel.

.7 Graduated cylinders

s a suitable alternativelcan be demonstrated (with a minimum accuracy of + 2%).

.8 Sample bottles

0 ml nominalcapacity, preferably flat-bottomed and wide-mouthed, with a screw cap

.9 _ Plastic film

juid without

e size of not

heasuring out the volume ©fjtest liquid, the accuracy of which shall be in accordance with 1SO 4788,

rontaining a

es not have

0,05
anin

mthickx 50 mmx50 mm p]:\r‘pd between the cnmp]p bottle cap andneckifthe cap d

ternal seal. The film shall be compatible with both the cleaning and sample liquids.

4.7.2.10 Filter membranes

Preferred 25 or 47 mm in diameter, white, without grids, and compatible with the fluid to be analysed
and with the rinsing chemicals. Reference membranes shall have a recommended pore size of between
5 and 8 um. The pore size used shall be stated.

4.7.2.11 Petri dishes

Of glass and 150 mm diameter.

© ISO
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4.7.2.12 Analytical balance

Of atleast 0,

05 mg accuracy.

4.7.2.13 Alpha-ray ionizer

To be used to prevent collection of dust during the weighing operation placed under the balance scale
incorporating the filter and projecting from beneath it.

4.7.2.14 Air dryer

4.7.2.15 C(Jllecting vessel

A vessel wit

4.7.3 Mic)

NOTE Fq

4.7.3.1 Fil

Compatible
the membr4
3,08 mm = (
for manual

size of <8

h a vacuum device connecting, to be used to collect test fluid.

foscopic analysis apparatus

r microscopic analysis see ISO 16232-7.

ter membrane

with the sample liquid and any solvents or chemicals ised in the processes. Norn
ine shall be of 25 or 47 mm diameter, white, with grids (each grid square width
,05 mm and equal to 1 % of the effective filtration area), and with a pore size < 8 um,
ounting down to 2 um. A 47 mm diameter white, membrane without grids and with a
I should be used for image analysis. Membranes©f different diameters may be used.

4.8 Test fluid

4.8.1 Gen

eral

Test fluids are described in the following clauses, depending on the test being conducted.

(see 5.2.2.1,

4.8.2 Cali

Test oil in 4
otherwise s

5.3.2,54.2,5.5.2.1,5.5.3.1,5:6.2.1,5.7.2.1,5.7.3.1,5.7.4.1,5.8.1, 5.8.3.1, 5.8.4.2, 5.9.2)

bration fluid

jccordance withCISO 4113, pre-filtered on a maximum of 1,0 um cartridge filter, u
becified.

4.8.3 Solvent, aliphatic hydrocarbon

Pre-filtered

usifigla maximum of 1,0 um, single-membrane nylon filter, which shall

hally,

side
used
pore

nless

not lea

4.84 Wat

€ any residue Whem vaporiZed, as resiauats can influence the welghing Tesutts,

not have any aromatic components that could enter the atmosphere when vaporized, and

have a boiling point not higher than 200 °C.

er, de-mineralised

have a minimum flash point of 38 °C, in order to fulfil normal working environment safety aspects,

With surface tension reduction additives (e.g. Tensides) and pre-filtered on a maximum of 1,0 um filter.

© ISO 2013 - All rights reserved
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4.9 C(Clean-up filter

Cartridge filter with a filtration rating suited to the cleanliness level CL required for the test (see
Annex C).

4.10 Pressure gauge

Capable of measuring the system operating pressure, which is dependent on the system under test (see
5.3,5.4,5.5,5.6 and 5.7).

5 Procedure

5.1 | General

All t@sts should 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 (see C.2).|Clean room
condjfitions according to ISO 14644-1, class 8, shall be employed as a minimum for these [procedures,
unlegs a suitable alternative can be demonstrated.

Before starting the test procedure the outer surface of the componernbor assembly should bg thoroughly
cleanjed by using a solvent such as detailed in 4.8.3.

This|International Standard covers the following components ‘of the fuel injection equipment:
a) Pumps:

1) high-pressure supply pumps (common rail fuel injection system) (see 5.2);
2) unitinjectors (see 5.3);

3) fuel injection pumps (see 5.4);

b) Injectors:

1) CRfuel injectors (see 5.5);

2) fuel injectors (nozzle holder assemblies) (see 5.6);
c) IPipes and rails:

1) high-presstunéfuel injection pipes (see 5.7);

2) rails fse€5.8);

d) Low pressure systems (see 5.9).

Each|ofthese, in turn, is treated with respect to two procedural areas:

— equipment set-up and verification (the verification corresponds to the blank tests requested in
ISO 16232);

— testing procedure.

In cases where more than one test procedure for a component is specified, the experience has shown that
for removal of typical particles produced in the manufacture of these components, the test procedure
with a turbulent flow and with pulsating pressure (simulation method) is preferred, simulating actual
operating conditions.

When the simulation method is impractical, then the second test procedure should to be used as a more
pragmatic means for removal of contaminants.

© IS0 2013 - All rights reserved 7
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If neither the simulation method nor the second test procedure prove practical to the supplier or
customer, by agreement a “flushing” test procedure (syringe or solvent dispenser method) may be used
as an alternative.

The determination of

— thetest

procedure to be used,

— as well as of the number of components to be tested,

— shall be

by agreement between the fuel injection equipment supplier and customer.

5.2 High-

5.2.1 Gen

This subcla
pumps:

— preferrg

— if the dy

should be used.

5.2.2 Dyn

5.2.2.1 Eq

a) Setupt
clean hi
test res
cut mayj

b) The caljbration fluid used should be as described in 4.8.2, pre-filtered using a filter as describ

4.9, per}
c) Verifyt
5.2.2.2 Te
a) Replace
(any flo
b) Connecf
outlet(s

pressure supply pumps (common rail fuel injection system)

eral

bd test is a dynamic test with the test pump running;

namic test is not practical, a flushing test at low speed with the-fest pump running by

amic test with the test pump running

uipment set up and verification (blank test) of.cleanliness

he equipment for verifying the system as shown in Figure A.1 (see A.2.2, NOTE 3), us
bh-pressure supply pump of the same type as to be tested; the testbench shall have a sep
ervoir for the calibration fluid. Instead of a clean pump a clean dummy or a hydraulic

be used.

manently fixed in the system and replaced regularly.

he system according to Annex C.

st procedure

the clean high-pressure supply pump by the pump to be tested; the pump shall be fully
v regulating-devices or throttling devices are not active).

a tube to the high-pressure outlet(s) and another one to the low-pressure return
, both without any pressure regulation devices. Only if the pump needs a minimum sy

ise describes two test procedures for checking the cleanliness of high-pressure supply

hand

ing a
hrate
thort

ed in

open

flow
stem

pressur

e for its safe operation, a pressure regulation device may be applied.

¢) Run pump on test at = 500 min -1 and similarly but separately collect 1 I of test fluid at the high

pressur

e outlet (s) and 11 at the low pressure outlet.

d) Separately and similarly measure and count the contaminant output (particles) from every outlet
according to Clause 6.

e) Reportthe results according to Clause 7.

5.2.3 Flushing test at low speed with the test pump running by hand

5.2.3.1 Equipment set up and verification of cleanliness

© ISO 2013 - All rights reserved
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g)

h)
i)
j)

5.2.3.2 Test procedure

a)
b)
‘)
d)

5.3

5.3.1 General

ISO 12345:2013(E)

Set up the equipment for verifying the system as shown in Figure A.3, using a clean high-pressure
supply pump of the same type as to be tested; the test bench shall have suction side valve between
the test fluid tank and the inlet port of high-pressure pump, a drain side valve between the high-
pressure outlet port and the vacuum pump.

NOTE1 Railsand CR fuel injectors are not required for this test.
NOTE 2  For the actual test this pump will be replaced by the pump to be tested.
Use a test fluid as described in 4.8.3 as prefiltered in 4.7.3.1.

Close the suction side valve and the drain side valve.

Throttling devices at the pump shall be fully open and not active.

Dperate vacuum pump up to - 66,6kPa (gauge) negative pressure and open the suctign side valve
gnd then the drain side valve.

Run the pump of approximately 120 min -1 by hand delivering at least 500 ml of the t¢st fluid and
¢ollect the fluid in the collecting vessel.

[lose the suction side valve and disconnect the pipe on the side 6f suction side valve fr¢m the high-
pressure pump (leaving it open to the air), and run the pump/10-times with hand.

Lollect the test fluid in the collecting vessel and the staindess’steel can separately.
Measure the system cleanliness according to Clause 6;

Verify the system according to Annex C.

Replace the clean high-pressure supply pump for the system verification with the pumpto be tested.
Run the system under the conditions described in 5.2.3.1.
Lount the contamination colleécted in the collecting vessel and the stainless steel can.

Report the results acconding to Clause 7.

Unit injectors

This|subclause’ describes a dynamic test procedure for checking the cleanliness of unit injectors

operpting'close to service conditions.

5.3.Z—Equipmentsetup amnd verificatiomof cteamtimess————___

a)
b)
‘)
d)
e)

f)

Set up the equipment for verifying the system as shown in A.1 (see A.2.2, NOTE 2).
Use a test bench able to operate the unit injector under normal running conditions.
Fit a clean unit injector assembly for verification purposes.

Retain the verification assembly for verification of the system.

Use a test fluid as specified in 4.8.2, pre-filtered using a filter as specified in 4.9, permanently fixed
in the system.

Verify the system according to Annex C.

© IS0 2013 - All rights reserved 9
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5.3.3 Test procedure

a)

b)

c)

d)

e)

f)

g)

5.4 Fuel injection pumps

5.4.1 Genpral

Carefully remove the verification unit injector from the test bench then cap nozzle, inlet and return
ports.

Fit the first unit injector to be tested while avoiding any possible sources of contamination.

Run the unit injector at full load and speed for 10 min, collecting the contaminant output (particles)
from the nozzle; separately and similarly collect the contaminant output from the unit injector
return outlet.

Remove _the test unit injectors, strip and wash out all internal high-pressure areas and collect
contamjnant along with the amount collected from the nozzles in 5.3.3 c).

Similarly wash out all low pressure areas and collect contaminants along with those collected ffrom
the uniflinjector return flow outlet (see 5.3.3 ¢)).

Separately and similarly measure and count the contaminant output (particles)) from each dutlet
accordipg to Clause 6.

Report the results according to Clause 7.

The test prqcedure is a dynamic test. It is similar for rotary, distributor and inline diesel fuel injeftion
pumps and ¢onsists of a dynamic test procedure with the test pump running under conditions clgse to

normal opetation.

5.4.2 Equjpment set up and verification of cleanliness

a)

b)

e)

Set up the equipment for verifying the system, shown in Figure A.1, using a pressure sourfe as
specified in 4.2.2.

NOTE This pressure source is replaced by the verification pump during testing.

For multi-cylinder test pumps, use either the pressure source as specified in 4.2.2 to validate gvery
line or choose a suitable, clean;multi-cylinder pressure source to validate all lines simultaneougly. If
the pregsure source hasmot been previously verified as “clean”, it may be necessary to run the pump
for a period prior to vérifying the system in order to ensure a high base level of cleanliness.

Use verification high-pressure pipe assemblies in accordance with 4.3 and a verification injector(s)
in accorddance with 4.4.

Use a test fluid in accordance with 4.8.2, pre-filtered using a filter in accordance with 4.7.3.1
permanently fixed in the system and replaced regularly

<~

Verify the system according to Annex C.

5.4.3 Testprocedure

a)

b)

‘)
d)

10

Ensure the pump return outlet is unrestricted by valves or orifices. If not unrestricted, remove and
replace it with a plain outlet.

Run the pump on test for a period of 90 min on full fuel delivery and at a pump speed of 200 min-1
below the maximum quoted full load speed.

Collect the contaminant output from all high-pressure outlets.

Separately and similarly collect the contaminant output from the pump return.
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Measure the contaminant according to Clause 6.

Report the results according to Clause 7.

5.5 CR fuel injectors

5.5.1 General

This subclause describes two test procedures for checking the cleanliness of CR fuel injectors:

5.5.2 Dynamic test

5.5.2.1 Equipment set up and verification (blank test) of cleanliness

a)

b)

f)
g)

5.5.2.2 " “Test procedure

a)

b)

‘)
d)

e)
f)

Preferred testis a dynamic test, where the CR fuel injectors operate close to as they would in service.

If the dynamic test is not practical, a test procedure using a continuous high-pressure
the CR fuel injectors should be used.

$et up the equipment for verifying, using a function test as showh in Figure A.1 (see A.Z

low to flush

2,NOTE 1),

wer range of the usual operating pressures may be applied: For the blind test a dun

imy without

SE order to simulate the operating conditions of the CR fuel injectors. As concerns pressure, the

injection function may be used.

The test rig shall, among others, consist of

1) ahigh-pressure supply,

2) arail or a pipe from high pressure supplyto the injector,

3) apressure control valve, and

4) an electronic control unit for,operating the CR fuel injector under service conditior
[Fit a clean CR fuel injector (ora dummy) for the verification purpose.

Use a fluid as specified in4.8.2, 4.8.3, or 4.8.4.

[ollect an appropriate.amount (see C.3) of the test fluid from the high pressure outlet
pressure outlet in-two separate containers.

Measure the contaminant according to Clause 6.

Verify the system according to Annex C.

IS.

and the low

Remove the system verification CR fuel injector and cap the nozzle tip, the inlet port an
flow outlet with clean caps.

d the return

Carefully fit the first CR fuel injector under test in place of the calibration CR fuel injector, avoiding

any possible sources of contaminant.

Run the high pressure supply and operate the injector via the electronic control unit.

Collect an appropriate amount (see C.3, NOTE) of the test fluid from high pressure outlet and from

the low pressure outlet in two suitably cleaned containers (see 4.5 and ISO 3722).

Repeat procedure for the number of sample tests required as agreed between supplier and customer.

Measure the contaminant according to Clause 6.

© IS0 2013 - All rights reserved
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g) Report the results according to Clause 7.

5.5.3 Continuous high-pressure flow test

5.5.3.1 Equipment set up and verification (blank test) of cleanliness

Set up the equipment as shown in Figure A.1 (see A.2.2, NOTE 1), for verifying the system, using

1) asuitable pressure source (high-pressure supply pump) operating of at least 25 MPa,

gh-pressure control valve,

3) ani— optionally - a filter with a pore size 1 pum max. and capable to withstand the pres

1) calipration fluid as specified in 4.8.2, or

lied by the pressure source;
hn CR fuel injector or a dummy for verification (blank test);

pst fluids, either

mineralised, pre-filtered water as specified in 4.8.4;

Thereason for the use of water is the easier handling comparedwith the handling of the caliby

the system by the high pressure supply pump at a pressure of at least 25 MPa;

hn appropriate amount (see NOTE) of the test.fluid from high pressure outlet and th¢
e outlet in two separate containers;

b the contaminant according to Clause 6;

he system according to Annex C.

st procedure

the system verification-€RAuel injector and cap the nozzle tip, the inlet port and the rg
[let with clean caps.

y fit the first CR fuetinjector under test in place of the calibration CR fuel injector, avo
Kible sources of gontaminant.

ng to injector type it may be necessary to unscrew (several turns) the nut of the armg
fthe CRfuel injector so far that the test fluid can flow through the nozzle and the return|
y-passing the internal valves.

sure

ation

b low

turn

ding

ture
flow

the system by the high pressure supply pump at the specified pressure.

Collect an appropriate amount of the test fluid from the high pressure outlet and the low pressure
outlet in two separate containers (see 4.5 and ISO 3722).

Repeat procedure for the number of sample tests required as agreed between supplier and customer.

Measure the contaminant according to Clause 6.

Report the results according to Clause 7.

a)
2) ahi
sup,
b) Fitacle
c) Useast
2) de-
NOTE
fluid.
d) Operatq
e) Collect
pressur
f) Measur
g) Verifyt
5.5.3.2 Te
a) Removsg
flow ou
b) Careful
any pos
c) Accordi
group o
outlet, b
d) Operatq
e)
f)
g
h)
12
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5.6 Fuel injectors (Nozzle holder assemblies)

5.6.1 General
This subclause describes two test procedures for checking the cleanliness of fuel injectors:
— preferred testis a dynamic test, where the fuel injectors operate close to as they would in service;

— if the dynamic test is not practical, a Syringe (solvent dispenser) or hand flushing test should be
used.

5.6.17 Dynamic test

5.6.2.1 Equipment set up and verification of cleanliness
a) $etup the equipment for verifying the system as shown in Figure A.1.

b) Use a pressure source in accordance with 4.2.3, and the high-pressure pipe assembly|specified in
4.3.

c) Fitaninjector for verification purposes (see 4.5), to be replaced®dy the test injectors dufring testing.
d) Use atest fluid specified in 4.8.3.
e) OQperate the system in the same condition as scheduledfor the test.

f) Verify the system according to Annex C.

5.6.1.2 Test procedure
a) Remove the system verification injector@nd cap the nozzle end and inlet port with clegn caps.

b) Carefully fit the first injector under'test in place of the calibration injector while avoiding any
possible source of contamination.

c) Operate hand-lever-operated-apparatus (see 4.2.3) 50 times with a swift action ensuring injector
¢peration on all strokes;,

d) Collect the output in-asuitably cleaned container (see 4.5 and I1SO 3722).

e) Remove the injector; carefully strip and wash out high-pressure wetted areas only| and add to
reviously calleeted amount.

f) easurethe contaminant according to Clause 6.

g) Repértthe results according to Clause 7.

5.6.3 Syringe test (washing out injectors)

5.6.3.1 Equipment set up and verification of cleanliness
a) Setup the equipment as shown in Figure A.2.
b) Operate the system in the same condition as scheduled for the test.

c) Verify the system according to Annex C.

5.6.3.2 Test procedure

a) Thoroughly clean all external surfaces prior to dismantling an injector.
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Dispense the filtered solvent as specified in 4.8.3 in accordance with 4.7.2.5 onto the required area
in a jet form, so as to disturb any loose particles in a controlled manner.

Take great care in dismantling in order to avoid introducing/producing contaminant not relevant
to this procedure.

Remove and wash all surfaces wetted by the high-pressure fluid; if required, wash all surfaces
wetted by the low-pressure fluid separately.

Ensure all drillings and holes are thoroughly flushed to remove any particles.

Collect the contaminant in a suitably cleaned container (see 4.5 and I1SO 3722).

b)

NOTE 1
c)

NOTE 2
d)
e) Measur
f) Report
5.7 High-
5.7.1 Gen

This subcla
injection pif

preferrg
of typic

if the dy

if neith
dispens

e the contaminant according to Clause 6.

he results according to Clause 7.
pressure fuel injection pipes

eral

ise describes three test procedures for checking the cleanliness of high-pressure
es:

fuel

bd testis a dynamic test, utilizing a high-pressure supplypump and is suitable for the removal

h| pipe contaminants;

namic test is not practical, a high-pressure flushing test should be used;

er the dynamic test nor the high-pressure @lushing test are practical, a syringe (solvent

er) or hand-flush test should be used.

5.7.2 Dynamic test

5.7.2.1 Eq

a)

b)

c)
d)

e)

f)
g)

Setup t

uipment set up and verification of cleanliness

he equipment for verifying’the system as shown in Figure A.1, using a pressure souf

accordance with 4.2.4.

Use a vd
Use a vd
Circulat

Determ

rification injecterimraccordance with 4.4 and solvent in accordance with 4.8.2.
rification high-pressure pipe assembly in accordance with 4.3.
e the test fluid through a clean-up filter until the level given in Annex C is achieved.

nethéflowraterequiredtoensureaturbulentflowinthe high-pressure pipes (recomme

ce in

nded

flow rate‘0f at least 2,5 1/min).

Operate the system for 10 min and collect all downstream fluid for cleanliness control.

Verify the system according to Annex C.

5.7.2.2 Test procedure

a)

b)

14

Remove the verification high-pressure pipe and carefully fit the first test pipe while avoiding any
possible source of contamination.

Run the pump or pressure source to obtain the flow rate greater than minimum calculated in 5.7.2.1
e) and allow cyclic flow variation between zero and this value at a frequency of 0,2 Hz to 1 Hz for
30 s (see 4.2.4). Remove any end restriction and reduce pressure to a constant 1,4 MPa for a further

15s.
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e)
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Collect the contaminant output from the test pipe.
Measure the contaminant according to Clause 6.

Report the results according to Clause 7.

5.7.3 High-pressure flushing test

5.7.3.1 Equipment set up and verification of cleanliness

a) Setup the equipment for verifying the system, shown in Figure A.1, using a suitable pressure source

b)
‘)
d)
e)
f)

5.7.3.2 Test procedure

b)

‘)
d)

e)

5.7.4 Syringe (solvent dispéenser) or hand flush test

5.7.4.1 Equipmentsetup and verification of cleanliness

a)

b)

c)

guch as that specified in 4.2.6. Use of a test injector 1s not required.
Use a verification high-pressure pipe assembly as specified in 4.3.
Use the solvent as specified in 4.8.3.

Dperate the system in the same condition as scheduled for the test.
Measure the contaminant according to Clause 6.

Verify the system according to Annex C.

emove the calibration high-pressure pipe and caréfully fit the first test pipe while g
ossible sources of contamination.

un the pump at a flow rate that guarantees.a‘recommended flow rate of at least 2,5
eriod of 30 s.

[ollect the contaminant output from thepipe outlet.
Measure the contaminant according-to Clause 6.

Report the results according to Clause 7.

$et up the eqipment as shown in Figure A.2, and carefully clean it to the initial cleanlij
see Annex €):

the’same volume of fluid as would be used for the number of tubes to be tested, pourir

voiding any

1/min for a

hess level CL

Dperatethe system in the same condition as scheduled for the test, but without using any tube. Use

1g it directly

fo the funnel of the collection vessel

Verify the system according to Annex C.

5.7.4.2 Test procedure

a)
b)

Thoroughly cleanse the outer surface and unions of each tube using solvent (see 4.8.3).

Flush the inside of the tube using solvent dispensed by syringe (see 4.7.2.5) and collect into either
the funnel of the vacuum flask (see 4.7.2.3) or a separate collection vessel for subsequent analysis

(see Clause 6). Use a volume of at least 10 times the volume of the tube.

On completion of the flushing of all tubes, ensure that any contamination remaining on the filtration
funnel (see 4.7.2.2) is removed to the filter membrane by washing down with the syringe/solvent

dispenser.

© IS0 2013 - All rights reserved
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d) Measure the contaminant according to Clause 6.

e) Reportthe results according to Clause 7.
5.8 Rails

5.8.1 General
This subclause describes three procedures for analysing the cleanliness of rails:

— The preferred test is a pressure vessel flushing test.

— Ifthe pilessure vessel flushing test is not practical, a low pressure flushing test should be used

— Ifneithgr the pressure vessel flushing test nor the low pressure flushing test are practical; a syringe
(solvent dispenser) or hand flush test should be used.

The aim of these procedures is to analyse the particle contamination on the innersutfaces of the rail
including tHe nipple inside area (i. e., the contamination on those surfaces, which are hydraulically
wetted by the fuel during the operation).

Before commnencing the test procedure, the outer surface of the complete rail-shall be in an appropriately
clean conditfion, so that there is no risk of particle carry.

Care should|be taken when connecting the rail to the test system ta:avoid cross contamination.

5.8.2 Pregsure vessel flushing test

5.8.2.1 Equipment set up and verification of cleanliness
a) Setup the equipment according to Figure A.4.1

The flushing parameters (volumetric flow and\flushing volume) shall be determined according to .2 by
agreement hetween rail manufacturer and customer.

b) Install 4 verification rail for test bench blank value determination.

c) Place thle analysis membrane-into the vacuum filtration unit.

d) Setboth distributor valves.V1 and V2 in the position 1 as shown in Figure A.4.1.

e) Operatd and flush thérdil with the determined parameters according to 5.8.2.1 a).
f) Collect the contaminant output.

g) Analyse the filter membrane with an automated filter analysis microscope.

h) Measurethecontaminantacecot dius totlatse G-
i) Repeatsteps a) to h) until the cleanliness result of the blank value measurement is acceptable.

i) Report the result according to Clause 7.
5.8.2.2 Test procedure

5.8.2.2.1 Preparation of the complete rail
a) Remove the rail to be tested from its packaging (immediately before testing).
b) Before commencing the test procedure the outer surface of the complete rail is thoroughly cleansed

by using a solvent (see 4.8.3).
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c) Place an analysis membrane into the vacuum filtration unit.

d) Remove the protection caps of the high pressure connections.

5.8.2.2.2 Inflow process (step 1)

a) Carefully fit the rail to be tested into the cleanliness test bench.

b) Operate the system and flush the rail (inner surface) according to Figure A.4.1 (both valves V1 and
V2 in position 1) with the determined volumetric flow and flushing volume (see 5.8.2.1a)).

5.8.
Swit
Figu
5.8.2

Repd

5.8.2
a) |
]

4

b) 1

c) Report the results according to Clause Z

5.8.3

5.8.3

a)

b) |
c |

r
4

2) fixanalysis membrane inside a slide frame;

low pressure flushing pump as described in 4.2.8.

1

2.3 Draining process (step 1)

ch both distributor valves V1 and V2 in position 2, so that the fluid inside the railycan|
re A4.2).

.2.4 Inflow and draining processes (step 2)

at 5.8.2.2.2 and 5.8.2.2.3 as determined according to the evaluation process described

.3 Analysis of contaminated filter membrane
Prepare analysis filter membrane for automatic analysesdysmicroscope:

) dry analysis membrane inside an oven,

Measure the contaminant according to Clause.6;

Low pressure flushing test

.1 Equipment set up and.verification of cleanliness

et up the equipment as'shown in Figure A.1 (see A.2.2, NOTE 4), for verifying the syste

‘it a clean rail ferverification purposes, to be replaced by the test rail during test.
Jse as test flilids either

) calibration fluid as specified in 4.8.2, or

escape (see

in Annex D.

m, using the

)Jc~demineralised, pre-filtered water as specified in 4.8.4.

NOTE

fluid.

Thereason for the use of water is the easier handling compared with the handling of the calibration

d) Operate the system under the conditions as described in 4.2.8 and follow the three steps - one after
the other - according to 5.8.3.2.

e) Verify the system according to Annex C. by collecting an appropriate amount (see C.3, NOTE).
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st procedure

5.8.3.2.1 Preparation of the complete rail

All components, necessary for the function of the rail, are mounted (e.g.: as listed in the parts list).
Figure B.1 shows the rail to be tested.

During the test no component of the rail shall be disassembled.

5.8.3.2.2 Flushing of the inner surface of the complete rail (step 1)

a) Connecf
— Only thg
connect
b) Operatd
c) Collectt
5.8.3.2.3
5.8.3.2.3.1
a) Connecf
— The “lag
b) Operatd
c) Collectt
d) Repeat
Figure
5.8.3.2.3.2

nection) (st
NOTE i.g
a) Connecf

connect

b) Operatg

the pump to the inlet port (pump connection) according to Figure B.2.

 “last” outlet port (injector connection) is opened, while the remaining outlet porfs)(inj
ions) are closed by screw-on plastic covers.

the system for 20 min: flush the rail (inner surface) according to FigureB.2.

he test fluid.

Flushing of the ports (pump and injector connections) (step2:and 3)

Flushing of outlet ports (injector connections) (step:2)

the pump to the “first” nearby outlet port (injector cennection) according to Figure B
t” outlet port is still opened, while the rest of the{ports is closed by screw-on plastic co
the system for 45 s, flushing via the two ports as shown in Figure B.3.
he test fluid.

this procedure for all of the remaining outlet ports (injector connections) accordil
3.

Flushing of the “last” outlet port (injector connection) and the inlet port (pump
ep 3)

. flushing in the reversg direction.

the pump to_the furthest outlet port (injector connection) according to Figure B.4.

Only the inlet pert (pump connection) is opened, while the remaining outlet ports (inj

ions) are elosed by screw-on plastic covers.

the'system for 45 s, flushing via the two ports according to Figure B.4.

pctor

Vers.

g to

con-

pctor

c) Collect the test fluid.

5.8.3.2.4 Collection of contaminants (step 4)

a) The total collected test fluid of the steps 1 to 3 shall be filtered.

b) Measure the contaminant according to Clause 6.

c) Reportthe results according to Clause 7.

5.8.4 Syringe or hand flush test

5.8.4.1 Equipment set up and verification of cleanliness

18
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Set up equipment according to Figure A.2.

Operate the system in the same condition as scheduled for the test, but without using any rail. Use
the same volume of fluid as to be used for the number of rails to be tested and pour the fluid directly
to the funnel of the collection vessel.

Measure the contaminant according to Clause 6.

Verify the system according to Annex C.

5.8.4.2 Test procedure

Meagure the cleanliness of the inner surface as follows:

a)

b)

‘)
d)

e)

f)
g)

5.9

5.9.1 General

[leanse the outer surface of each rail thoroughly using solvent (see 4.8.3); do not'¢ollectjthe fluid for
easurement.

Pour solvent (see 4.8.3) into the rail and close all open connections.
$hake the rail several times vertically and horizontally with the rajl-axis horizontal.
[ollect the solvent into either a separate collection vessel for subSequent analysis.

Dn completion of the flushing of the rail, ensure that any cantamination remaining on the filtration
funnel (4.7.2.2) is removed to the filter membrane by washing down with the syringe or solvent
dispenser (4.7.2.5).

Measure the contaminant according to Clause 6,

Report the results according to Clause 7.

Low-pressure systems

Tradjtional low-pressure systems contain elements as e. g. fuel tank, pipe-work, filter housings, lift

pump, etc., as for the intended(installation.

Cleamliness of the clean side of fuel filters is already covered by ISO 4020 and is not detpiled in this
International Standard,@lthough the procedures should be compatible. The extraction method from
ISO 4020 may be used;however, the FIECC according to Clause 7 shall be used for reporting results.

5.9.2 Equipment set up and verification of cleanliness

a)

b)

c)
d)

e)

f)
g)

Maintaining a verification set-up similar to the system under test, set up the low-pressufe system as
Ilor the'intended installation. Use a pressure source as specified in 4.2.5.

Use a test fluid as specified in 4.8.3.
Maintain the fluid temperature at 23 °C £+ 10 °C.
Set up the remainder of the system according to the actual application.

Establish the rated flow of system under test. Set the pressure source to achieve at least twice this
flow or to ensure a maximum pressure differential of 0,02 MPa across the system. Circulate for 10
min and collect downstream fluid.

Measure the contaminant according to Clause 6.

Verify the system according to Annex C.

© IS0 2013 - All rights reserved 19


https://standardsiso.com/api/?name=519320d4133a5003af1ec326b22d5e5b

ISO 12345

:2013(E)

5.9.3 Test procedure

source of contamination. Fit the first system under test.

a)
b)
c)

be oper
d)
e) Measur
f) Report
6 Sampl
6.1 Gene

Samples col
analysed u{
analysis me

ated similarly during this test at least 50 times.

The total collected test fluid shall be filtered and the contaminant output collected.

Carefully remove the verification low-pressure system components while avoiding any possible

Allow the test fluid to flow through the system for 10 min, and collect/measure the debris produced.

Where components are operated in actual use (e.g. bulbous or plunger-type lift pumps), these should

P the contaminant according to Clause 6.

he results according to Clause 7.

le analysis

ral

[ected downstream of the fuel injection equipment for measuring its cleanliness m4
ing different methods depending on the type of information required. In all casesg
thod shall be agreed between parties concerned and shallbe validated.

6.2 Gravimetric analysis

See ISO 162

6.3 Parti

See ISO 162]
their size.

It is essentis
and calibrat
particles an

6.4 Large

6.4.1 Gen

See ISO 162
the fuel injeg
microscope,

NOTE

B2-6.

Cle size distribution
B2-7 and ISO 16232-9 for the appropriate procedures to count the particles and to deter
1l when using particle measurement devices and counting systems that the device be

ed in a consistent mannersParticle measurement systems vary in the way they mes:
 hence in the end result given for the same input of particles.

st particle size

eral

32-7 fordetermining by microscopy the dimension of the largest particles collected
ctiorilequipment under test. Particle size analysis can be either manual, using an o
or.automated, using an image analyser.

ly be
, the

mine

used
sure

from
tical

from one side to another, independent of its orientation to the measurement device.

The largest particle is defined as the particle with the largest maximum dimension across the particle

The pore size of the selected membrane should be commensurate with the size of the particle being
monitored, to ensure the membrane is not plugged prematurely by particle sizes much smaller than the
size of interest. It has been found convenient to prefilter the contaminated test liquid through a coarse

sieve and th

en flush the larger dirt off onto the analysis membrane.

6.4.2 Expression of results

For describi

20

ng the largest particle, use the method given in ISO 16232-10:2007, Clause 8.
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7 Reporting results

7.1 Principle of fuel injection equipment cleanliness code

The fuel injection equipment cleanliness code (FIECC) relates to the amount of debris measured per
component, in order that sufficient quantity is collected to guarantee measurement accuracy, several
components may be measured and the mean result used for the code.

The code can contain the following data:

— particle size class (see Table 1);

— rlnaximum number of particles allowable within the size class;

— yveight either per component or per wetted area in the form of Gyn or Gan,
whertte
[ is the gravimetric measurement,

IN refers to the measurement being by component,

I refers to the measurement being by wetted area per 1000mm?2,

is the actual measurement in mg.

NOTE 1  Several size classes can be referred to within the\code.
NOTH 2  Size classes are referred to in ascending order of size.

NOTHE 3  The allowable number of particles within the size class immediately follows the size class letter, e.g.
H20.

NOTHE 4  The code can contain only pafticle size classes and maximum number of particles or wefight only or a
combfination of the two measures.

NOTES5  The last (largest) size(class stated denotes the max allowed particle size by default.
NOTHE 6  Particle size clasgés can be bridged by referring to a range, e.g. C-F.

NOTHE 7  Where particle size/ number and weight are required, the weight requirement alwayjs follows the
size/[number classification.

NOTE 8  Thelakgest particle allowable in the FIECC is 1000 pm.
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Table 1 — Size classes for particle counting

Size Class Size x (Wm
A 2<x<5
B 5<x<15
C 15<x<25
D 25<x<50
E 50<x<100
F 100<x <150
G 150 <x <200
H 200 £x <400
] 400<x<600
K 600 <x <1000

7.2 Examples of fuel injection equipment cleanliness code usage

7.2.1 Example 1

A maximum| of 1000 particles in range 5 um to < 15 um, 500 in the range 15 pm to < 25 pm, 250 ih the
range 25 unp to < 50 pm, and 50 in the range 50 pm to < 1000 pm for each component. It also means the
maximum allowable particle size is 1000 um; no weight requirement.

FIECC = B10{00/C500/D250/E-K50

7.2.2 Example 2
The allowable debris level is 3 mg per component;.no particle size requirement.

FIECC = GN3

7.2.3 Example 3

The allowaljle debris level is 5 mg per 1000 mm?2 of component wetted surface area; no particlg size
requirement.

FIECC = GaS5
7.2.4 Example 4

There is both aarticle size requirement and a gravimetric requirement for the component; detajls as
shown abovg®©n Examples 1 and 2.

FIECC = B1000/C500/D250/E-K50, GN3

7.2.5 Example 5

The requirement is for no particles above 200 pm and there is no requirement for further particle size
classes or gravimetric measurement.

FIECC = HO
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8 Designation

The cleanliness requirement for fuel injection components shall be designated as follows:
a) the word “Cleanliness”;

b) reference to this International Standard: ISO 12345;

c) the FIECC in brackets [...] according to Clause 7.

Example:

Cleaflness: TSU 12345- [BI00U0/C5007 D250/ E-K50, GN3]
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Annex A
(informative)

Typical test equipment for measuring fuel injection equipment
cleanliness

A.1 Gendral

Typical testlequipment is shown in A.2 to A.5.

The basic prjinciple of a test equipment (circuit) is shown in Figure A.1; this principle can'be based ¢n all
component fest procedures specified in Clause 5, except for one high-pressure supplypump (see 5.2.3
and A.3), fo1f one rail test procedure (see 5.8.2 and A.4) and the syringe or hand flushing tests (see|A.3).

For low-pregsure systems: see 5.9.2.

A.2 Basi¢ principle of test equipment
NOTE All numbers given in [...] refer to Figure A.1.

A.2.1 Components of basic test equipment:

a) Theprepsuresource,[8] the pipe,[11] the injector,[12] afid the clean-up filter[3] are variable compoments
of the fyel injection equipment cleanliness test rig:

b) The renpaining components are common.

c) The colr:[ecting vessel [13] is needed in order to

1) protect the filter assembly (ifused online) from damage,

2) conkain the total test volume‘in case of high test flow rate, and

3) store before transporting test fluid to laboratory for particle counting using a microscope ¢r for
grayimetric analysis:

NOTE For colledting vessel see also 4.5.
d) The test membrane filter [16] is optional in the flow system.

e) FacilitigsGhould be provided for the measurement of fluid temperaturel9], line pressurell9] for gump
tests, ardfiow ratetZHor high-pressure pipe tests:

A.2.2 Deviations from the basic principle of a test equipment

For some CR components the basic principle of the test equipment (circuit) as shown in Figure A.1 shall
be modified. Details are given in the following NOTES.

NOTE1 CR fuel injectors (with addition of an electronic control unit) whereby[11] is replaced with a pressure
control, a valve, a rail and supply pipes.

NOTE 2  Unit injectors whereby itemsl8],[11] and[12] are replaced by the unit injector and an electronic control
unit is added.

NOTE 3  High-pressure supply pumps according to 5.2.2 wherebyl11] is replaced with rail and pipe (for 5.2.3;
see A.4).
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NOTE4 Rails (for the low-pressure flushing test only; see 5.8.3) whereby the flushing pump as in 4.2.8
replaces[8] and[11] is replaced by rail and pipes[12] is not required.
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Test resgrvoir

Feed purhp (see 4.2.5)

Other pressure source (see 4.2.2,4.2.3,4.2.4)
Heat exchanger

Clean-u filter (see 4.9)

Sampling line or tap

Test flowmeter

Verificatjon and test pressure source according tothe used test procedure:

testing of high-pressure supply pumps: pump to be tested (see A.2.2, NOTE 3)
testing of unit injectors: together with (1¢1) and (12) unit injector to be tested (see a.2.2, NOTE 2)
testing of fuel injection pumps: pump-te be tested

testing of CR injectors: high-pressurejsupply pump (see A.2.2, NOTE 1)

testing of fuel injectors: no component; by-passed

testing of high-pressure pipes:verification high-pressure delivery pump (see 4.2.6)
testing of rails (low-pres$§uye flushing test): flushing pump (see A.2.2, NOTE 4)
Temperature gauge

Pressure gauge (sée 4.10)

Verificat{on anid:test component according to the used test procedure:

testing of high-pressure supply pumps: rail and pipe (see A.2.2, NOTE 3)

testing of umitinjectorstogetier withr {8y amd {123 umitinjector to be tested {see A222, NOTE2)
testing of fuel injection pumps: verification high-pressure pipe assembly (see 4.3)
testing of CR injectors: pressure control, valve, rail and supply pipes (see A.2.2, NOTE 1)

testing of fuel injectors: verification high-pressure pipe assembly (see 4.3)
testing of high-pressure pipes: pipe to be tested
testing of rails (low-pressure flushing test): rail and pipes (see A.2.2, NOTE 4)

Calibration or test injector (see 4.4)
Collecting vessel (see 4.5)
Test membrane filter

Figure A.1 — Test equipment (schematic layout)
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A.3 Test equipment for syringe or hand flushing test

See Figure A.2.

Key

1  Yyringe/solvent dispenser (4.7.2.5) with(solvent (4.8.3)

2 Filter assembly

3 ollecting vessel/vacuum flask (4:7.2.3)

4 Yacuum device connection(447.2.4)

5  [Filter funnel (4.7.2.2)

6  Sample to be tested (€.gy high pressure fuel injection pipe, rail, injector, individual components, efc.)

Figure A.2 — Test equipment for syringe test (schematic layout)
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A.4 Testrig components for high-pressure supply pumps (test pump running by

hand)
1
6 2 1
1T A
Key
1 testfluidtank (solvent reservoir)
2 high-prepsure supply pump under test
3 vacuum pump, see 4.7.2.4
4  collecting vessel, see 4.5
5 stainless|steel collecting vessel, see 4.5
6  suction dide valve
7  drain side valve
Figure A|3 — Test circuit for flushing test at low speed with the test pump running by hand
(schematic layout)
28
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A.5 Rail pressure vessel flushing test (dynamic procedure)

5
T

&3 \4

O e
(O 8 (D9

iressure vessel filled with cold cleaner solvent

Key
gdir pressure vessel

uid prefilter 2 pum mesh size

3-way-valve (in position 1 for the inflow process)
ail

3-way-valve (in position 1 for the inflow process)
gnalyse membrane

dollecting vessel, see 4.5

yacuum pump, see 4.7.2.4

PO 0NN O Ul W DN
—_

As shown in Figure D.2, differentflushing configurations are possible.

Figure A.4.1 — Pressure vessel flushing test — Valves 4 and 5 positions during inflo

W process
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