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Annex A forms an integral part of this part of ISO 789.
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INTERNATIONAL STANDARD

1SO 789-8:1991(E)

Agricultural tractors — Test procedures —

Part 8:
Engine air cleaner

1 Scope

This part of ISO 789 specifies test procedures for
engine |air cleaners fitted to agricultural tractors
which dqre additional to those specified in ISO 5011.
Additional tests are necessary because of the spe-
cial corditions under which engine air cleaners fit-
ted to agricultural tractors must operate.

2 Normative reference

The following standard contains provisions whijch,
through| reference in this text, constitute provisions
of this gart of ISO 789. At the time of publication, the
edition [indicated was valid. All standards’ are sub-
ject to nevision, and parties to agreemernts based on
this paft of ISO 789 are encouraged to investigate
the poskibility of applying the mostrecent edition of
the stapdard indicated below~Members of IEC and
ISO maintain registers af~currently valid Inter-
nationa| Standards.

ISO 501/1:1988, Inletair cleaning equipment for
internall combustion engines and compressors —
Performance testing.

3 Definitions and units

4 Measurenment accuracy

4.1 Measutements shall be made,
given, to\the accuracy specified in
clause 4.

4,2 Measure vibration acceleratio
amplitude within 3 % and frequency

4.3 Measure angles within 1°.

5 Test materials and test con

Test materials and test condition
specified in 1SO 5011:1988, clause 5
wise stated.

6 Resistance to vibration

6.1 Introduction

6.1.1 This part of 1SO 789 specifie
testing the constructional integrity of
semblies to withstand engine or
bration.

where they are
1ISO 5011:1988,

n within 2 %,
within 5 %.

ditions

5 shall be as
unless other-

s a method of
air cleaner as-
installation vi-

049 T

For the purposes of this part of ISO 789, the defi-
nitions and units contained in ISO 5011:1988,
annex A apply with the following addition.

31 safety element: Air cleaner element fitted
downstream of a primary, barrier-type element for
the purpose of providing the engine with protection
against dust in the event of either any type of pri-
mary element failure, or dust being present during
the removal of the primary element for servicing.

4  ualiioo ototad ova
U.1.£ e 1Co0 vailutT o otalttTu anrtc

intended as a

guide and may be varied at the discretion of the air
cleaner supplier and tractor manufacturer, particu-
larly if actual tractor vibration data is available.

6.2 Operational characteristics to be tested

The following tests establish the ability of the air
cleaner assembly to withstand vibration, in three
mutually perpendicular planes, for a predetermined
number of cycles (see figure 1).
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Figure 1 — Attachments and mounting for vibration test (see 6.4.1 to 6.4.3)
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6.3 Test rig

6.3.1 Electro-mechanical vibrator, together with
sinusoidal oscillator and frequency controller, am-
plifier and display unit to indicate displacement, ve-
locity and acceleration.

6.3.2 A minimum of two accelerometers, featuring
linear calibration over a range of — 100 m/s2? to
+ 100 m/s2.

1ISO 789-8:1991(E)

f is the frequency, in hertz.

If resonance occurs at one frequency, carry out the
test at that frequency and at the amplitude, velocity
or acceleration, as appropriate, as specified above
for the resonance search. If resonance occurs at
more than one frequency, carry out the test, as
above, at the frequency which exhibits the maximum
amplitude.

If resonance does not occur at a frequency below
200 Hz, carry out the test at a frequency of 60 Hz and

an acceleration of 25 m/s?

6.3.3 Air| cleaner assembly to be tested, together
with inlet|pipe and cap (or precleaner if fitted and
mounting [straps or brackets, if available). The mass
of a dust-laden element shall be included.

6.3.4 Rigid adaptor plate and brackets to enable air
cleaner apsembly to be mounted on the vibrator in
triaxial planes.

6.4 Preparation and test procedure

6.41 Molnt the air cleaner assembly onto either
the rigid| adaptor plate or one of the brackets
(6.3.4).

6.4.2 Rididly mount the adaptor plate/bracket on
the vibrdtor (6.3.1), ensuring that the axis of
excitation|is at right angles to one of the air cleanex
assembly|triaxial planes.

6.4.3 Attach one accelerometer (6.3.2) to\the rigid
adaptor pjate/bracket (to record input signal) and a
second gdccelerometer to the air~gleaner body
diametrically opposite the adaptor- plate/bracket (to
record ofyitput signal). Additional” accelerometers
may be aftached to any other-part of the assembly
which is pbserved to be resonating during the fol-
lowing tests. Attention_should be paid to the
precleandr/rain cap afd-to the internal parts of the
cleaner iffsofar as they can be observed by sight or
sound.

6.4.4 Copduct a resonance search up to a fre-

6.4.5 Test the assembly to a totalof 1t|07 cycles un-

less prior failure occurs. Commence
frequency and acceleration-yaldes as d
6.4.4.

As the resonant frequency of the ass
test may vary throtghout the test, the
should be adjusted to the values deterr
after each 2,5 x406 cycles.

6.4.6 |[f 107 cycles are completed with
failure,sréemove the air cleaner assembl

for any visual signs of external damage.

6.4.7 Repeat 6.4.1 to 6.4.6 with the ai
sembly mounted in the other two pla
test, the accelerometer polar axes are
with the axis of excitation.

6.4.8 Without disturbing the assemb
from the vibrator and carry out a full
and capacity test as specified in I
clause 7.5 or 8.5 as appropriate.

With the agreement of the air cleaner
the tractor manufacturer, the vibration
performance test may be carried o
ously.

6.5 Results to be recorded

esting at the
etermined in

embly under
acceleration
hined in 6.4.4

out apparent
y and inspect

I cleaner as-
nes. In each
to be in line

y, remove it
ife efficiency
50 5011:1988,

supplier and
test and the
t simultane-

The test report (see clause 13) shall ing

icate at least

quency Ol 200Hzinthe—foltowing—stages:
a) up to 13 Hz at an amplitude of + 0,6 mm;
b) from 13 Hz to 94 Hz at a velocity of 50 mm/s;

c) from 94 Hz to 200 Hz at an acceleration deter-
mined from the formula

a=30+0,3 (f— 100)
where

a is the acceleration, in metres per second
squared;

the following:
a) the amplitude and frequency of vibr

b) the mode of failure and its location

ation;

(if any);

c) torques applied to fixing initially and at the end

of the test;

d) the number of cycles to failure or the number of

cycles completed;

e) the result of the full life efficiency
test.

and capacity
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7 Effect of servicing of dry air cleaners 8.4 Test procedure
8.41 The test consists of the determination of the
7.1 Purpose pressure drop/capacity characteristic.
This clause specifies a method of determining 8.4.2 Weigh out a quantity of fibrous material
whether the air cleaner element can withstand the agreed between the user and manufacturer.
manufacturer’'s approved method of servicing, for ,
the recommended number of times, without its per- 8.4.3 Start the air flow through the stand and sta-
formance dropping below an acceptable level. bilize it at the test air flow. Record the pressure
drop.
7.2 Test procedure 8.44 Feed 10 g + 15 % of the fibrous maferial per

cubic metre of air flow.
Carry out a fill life efficiency and capacity test as

specified in 1$O 5011:1988, clause 7.5. Service the 8.4.5 Terminate the fibrous material feed Wwhen the
air cleaner gccording to the manufacturer’s in- specified pressure drop agreed, between the user
structions. Repeat the tests and continue this pro- and manufacturer has beenCreached or [the test
cedure until the air cleaner has been serviced for quantity has been fed into_the air cleaner.

the maximum [number of times recommended by the

manufacturer |before replacement. Record the re- 8.4.6 Weigh the remaining fibrous materidl (if any)
sults of each|test separately to indicate any pro- and hence determine the quantity fed intp the air
gressive detefioration of performance. flow.

8.4.7 After.completion of the test, examing the unit
8 Resistarice to fibrous material to determine'whether the fibrous materiallhas col-
lected at a point upstream of the element and, if so,
reportiits location.

8.1 Purpose
9 Resistance to moisture of dry ain
The purpose 9f this test is to determine the effect of cleaner elements
fibrous materjal on the air cleaner, e.g. clogging of
precleaner vapes, screens or other small apertures: 9.1 Purpose

It may be cariied out on dry or oil-bath air cleaners.

The purpose of this test is to determine thg effect, if

8.2 Fibrous material any, of moisture on the functioning of the ajr filter.

Two fibrous njaterials shall be used: 9.2 Test method

a) dry, well fipened, cat pod$hand-stripped from 9.21 Test procedure
the stalk (also known as,Bull Rush seeds, Typha
angustifolig); 9.21.1 Measure the pressure drop/restiiction of
the element/air cleaner assembly at the test flow as
b) dry cotton |lint, ranging in fibre length from 3 mm specified in ISO 5011:1988, clause 6.3.

to 30 mm, dried\to less than 10 % moisture. The

cotton lint|collected from the inlet of the engine 9.21.2 Remove the element to be tested ar'd weigh
radiator of i i i

be suitable. Other materials such as leaf par-

ticles and dust will be included in cotton lint col- 9.2.1.3 Immerse the element completely in clean
lected in this manner, but such inclusion is not water at the same temperature as the surroundings
objectionable in this test material. for approximately 12 h.

9.21.4 Allow the element to drain for 15 min; then
8.3 Fibrous material preparation gently shake to remove any loose droplets of water
and reweigh it.
Before using the fibrous material, a quantity suffi-

cient to cover the test requirements shall be teased 9.2.1.5 Re-assemble the filter unit/test rig. Increase
out and allowed to stabilize at a temperature of the air flow through the element until the pressure
(23 + 5) °C and (55 + 15) % relative humidity for drop/restriction reaches 100 mbar or the rated flow
2 h. is achieved. Remove and inspect the element. Re-
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cord any damage which has occurred to any of the
component parts of the element or to its integrity.

9.2.1.6 Re-assemble the filter unit/test rig and run
air through the filter at the rated flow until either the
pressure drop or its mass return to those deter-
mined in 9.2.1.1 or 9.2.1.2. If this does not occur then
run the system until the mass of the element has
stabilized.

9.2.1.7 Weigh the element.

ISO 789-8:1991(E)

10.2.2 Test procedure

The test shall be conducted in accordance with
ISO 5011:1988, clause 7.5, full life efficiency and ca-
pacity test, but with the following specifications.

10.2.2.1 The terminating condition for dust feeding
shall be a pressure drop across the housing of
100 mbar.

10.2.2.2 The dust used shall be fine grade. Where
a precleaner is provided, an additional test shall be

9.2.1.8 P¢rform a dust holding capacity and overall
efficiency | test as specified in [1SO 5011:1988,
clause 7.5

9.2.2 Results to be recorded

The test r¢port shall indicate the following:

a) the inifial mass;
b) the we} mass;
c) the mdss of retained moisture;

d) the mgss after drying.

10 Safety element

10.1 iIntroduction

The requifement of a safety element.s that it should
block rapifdly in the event of a leak-oOccurring in the
primary element, passing a minimum of dust in the
process. Tlo evaluate this, a.specific penetration test
shall be performed. During-normal and correct op-
eration of the air cleaning'system, it is desirable that
the safety|element shiould not block during the lives
of one or more primatry elements. To evaluate this,
a safety dlemeni\blocking test shall be performed.
This may [be“earried out as part of the full life effi-
ciency nd) capacity test as specified in

carried out using coarse dust.

10.2.2.3 The air flow shall be the-full nated air flow
as agreed between the customer and spupplier.

10.2.24 The dust concentration us¢d shall be
1 g/m3, unless this results in the test diiration being
less than 0,5 h, in whijch case the test [shall be car-
ried out with a dust\concentration of 0,1 g/m3.

10.2.2.5 Where applicable, the reqlirements of
1ISO 5011:4988, clauses 7.8.1 and 7.8.1.1 (precleaner
dust removal) shall be met.

The- precleaning efficiency will be slightly below
normal during this test. However, should a large re-
duction be noted, the reasons for this should be
checked and any observations recorded.

10.2.2.6 At the end of the test, prior fo measuring
efficiency, the flow rate shall be increpsed to pro-
duce a pressure drop across the| housing of
125 mbar. The safety element shall nof rupture un-
der these conditions.

10.2.3 Calculation and requirement

To evaluate the results, the specific dugt penetration
SDP, in grams per cubic metre per minute, shall be
calculated as follows:

ISO 5011:1988, clause 7.5.

10.2 Specific penetration test

10.2.1 Preparation

Using the housing normally employed to retain the
safety elements, prepare a “dummy” primary ele-
ment, i.e. a complete element skeleton lacking only
the media, but including any swirl vane present. Fit
the safety element and the dummy primary element
into the housing.

m
SDP = a
where
il is—the—massofdustpassing the system,
in grams;
qy is the air flow, in cubic metres per min-
ute.

This value shall not exceed 0,7 g/(m3/min).

10.3 Safety element blocking test

10.3.1 Preparation

Use a clean primary element and safety element in
the housing normally employed. The mass of the
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