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g. Before tests are started, verify that all needed information is available in accordance with Section 10.

s (see italics) per Section 11.

n12.

METHODS OF OBTAINING REPRESENTATIVE LIQUID SAMPLES

Complete systems and integral subsystems - see 4.2 and 4.3.

Static components - see 4.2 and 4.4.

Collection methods for obtaining representative liquid samples are considered for the following categories:

hents - see 4.2 and 4.5.
nd 4.6.
- see 4.7.

hd c in 4.1 provide for collecting a sample from complete compenents or systems

Some may prefer to disassemble the components and to obtain the cantaminated sample fr

h. Define new term

i. Index per Sectio

4.

4.1

a.

b.

c. Dynamic compo

d. Parts-see4.23

e. Fill-hydraulic flui

411 Itemsa,b,a
not recomm

a. The process of ¢

b. Areas of parts

c. Moving a dynam

4.2 General Cauti
4.2.1
It is possible for a ur

temperature. Likewis
flow rate or using an

bnded for the following reasons:
isassembly and assembly generates contaminants.

ay be exposed which are not accessible in thezassembled components.

bns Applicable to Obtaining Representative Liquid Samples

Reynolds Nyimber

it to test clean when using oil at room temperature, but test dirty when tested with
e, it is possible for awunit to test clean during an evaluation and test dirty if eval
oil with lower viscosity.

These results are to
system which, in turl
performed at a Reyn
service. To achieve

Reynolds number ¢

where:

R = Reynolds number

V = fluid velocity

d = pipe inside d

be expectedtbecause the removal of particles from surfaces is proportional to
, is dependent upon the Reynolds number attained. Ideally, flushing and cleanlin
Ids number which is at least as high as the maximum Reynolds number that the |
his, itis;sometimes necessary to flush with a low viscosity liquid.

ithout disassembly.
bm the parts. This is

ic component will generate contaminant.which would not be observed when evalliating the parts.

the same oil at high
ated using a higher

he turbulence in the
ss testing should be
nit will see in normal

ith the following equations:

English Units Metric Units

R - 35 873vd r = 100ovd
v v

R = 14 6460 R = 21 2200

Tvd Tvd

dimensionless dimensionless

feet per second meters per second

iameter inches millimeters

(Eq. 1)
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Vv = viscosity Saybolt seconds centistokes

Q = flow rate U.S. gallons per minute liters per minute

4.2.2 Vibration and Shock

With some components and systems, a cleanliness level measured at one laboratory will be significantly changed when
measured at another laboratory if the unit is subjected to vibration and shock during transit. Likewise, the cleanliness level
of a unit can be significantly changed when installed on a vehicle in field operations. To determine if vibration and shock are
significant in altering contaminant levels in a particular case, it is recommended that the unit or system be tested for

contamination both before and after being subjected to the worst vibration and shock expected in shipping and use.

4.2.3 Selecting a Clean Test Liquid (see 11.2)

Select a clean test

hydraulic fluid, assufe that either:

a.

The clean test liquid is totally removed so that it does not contaminate the system fluid, of

quid that is compatible with the component or system being evaluated. If differ

ent from the system

b. The two liquids are compatible (including additive packages) so that the mixture Will“still meet system requirements.

CAUTION: Halogen
a source
taken to

4.2.4 Draining Co

When draining components, care must be exercised to assurecthat the fluid sample is not contamin

normally non-wetted
a precleaned fitting i
into the verified clea
4.2.5 Location of §
Locate sampling tap,

avoid trapping cont
representative, pleag

4.2.6 Diffusers

Where diffusers are
returning fluid.

ated hydrocarbons (such as trichloroethane and other chlorinated solvents) havel
of accelerated corrosive/erosive wear in hydraulic systems; special precautiong
remove them so as to assure that none can be carriedvover into the hydraulic flui

mponents

surfaces, such as external surfaces and. threaded portion of ports. This can be m

been reported to be
should therefore be
.

ated by contact with
nimized by installing

nto the port (hand tighten without thread sealant) so that the fluid can be poured in a controlled stream

h container.
Bampling Valves
5 and valves in a turbulent portion of the line, and above the centerline of any hg

hminants. For maximum assurance that the samples taken and the counts
e also refer to the standards in Table 1 Section 4.

rizontal line so as to
eported are indeed

called out-(Figures 1, 2, and 3), ensure fluid level is high enough to avoid breaking of fluid surface by

4.2.7 Dilution Fac

ors’When Using Circulating Systems

If the volume of the liquid in the circulating system is large as compared to the volume of the component or subsystem being
tested there will be a distortion in the number of large particles reported. This volume ratio should be kept as small as is

practical.

4.3

Complete Systems and Integral Subsystems

Those which can be pressurized and have normal flow such as some hydrostatic and steering systems:
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4.31

Evaluate systems and integral subsystems by withdrawing a sample from the turbulent portion of the pressurized

subsystem using the ISO 4021 method shown in Table 1 Section 4, or sample from the reservoir if needed. Such
sampling should occur after the subsystem has reached an agreed upon temperature, and has been fully exercised
and pressurized. The temperature selected should consider both safety and 4.2.1. Exercise subsystem by operating
a portion of the time at maximum rated flow so as to obtain maximum Reynolds number per 4.2.1, and for a time
sufficient to pass 10 times the total test system hydraulic fluid volume through the subsystem. While still operating,
withdraw the fluid samples into a verified clean container. If it is necessary to connect the subsystem to a precleaned

(£10% rule)

flow test stand, the comments of 5.4 and definition of 11.4 should be considered.

4.4  Static Components (Such as Reservoirs, Fittings, Tubing, Filter Housings, Manifolds, etc.)

Static components can be evaluated by two basic methods. The first (which is historically probably the most commonly
used) is a slosh test, which uses movement of a partially filled component to transfer the contaminant from the wetted

surfaces of the statid
of achieving a Reyn
contaminant increas
more economical a
contaminant.

441 Slosh Test

Fill the component 1

recog
olds number equal to or greater than that achieved in service (see 4.2.1), and
e contributed by the static component to a circulating system. The slosh test is
hd should suffice, except where it can be shown that the flow test remove

3 to 1/2 full of clean test liquid and seal the component so that'it can be mechanica

and shocked so as t

consistent with the geometry of the component should be followed (see 4.2.2). The sealing method s

loosen contaminants without spilling the test liquid. A specified plan for agitation,

izes the importance

hich measures the
ormally simpler and
d significantly more

ly agitated, vibrated,
vibration, and shock
hould be validated to

assure that it does rjot add significant contamination. The fluid sample_should be removed from larg¢ components, using

the ISO 4021 metho
(see 4.2.4).

442 Flow Test
Where appropriate,
Reynolds number at|
The test stand can
directional control va
through the compon
liquid volume has pg
Section 4) (see 5.4).

4.5 Dynamic Com

Dynamic component

of Table 1 Section 4. Smaller components should\be completely drained into a ve

the wetted surfaces of the component at least equal to the maximum it will see i
pbe similar to that shown in Figure 3 with the static component connected at poi
Ive (7) positioned such that'flow through the static component is in the normal d

ssed through the component. After the minimum flow time withdraw a sample ps

ponents

s are considered in the following subcategories:

a. Rotating compoTents -"pumps and motors - see 4.5.1.

rified clean container

connect the static component to a“precleaned (<10% rule) flow test stand capable of achieving a

service (see 4.2.1).
nts A and B and the
rection of flow. Flow

pnt for a time sufficient to. assure that a hydraulic fluid volume at least equal to 10 §imes the test system

r ISO 4021 (Table 1

b. Reciprocating components - cylinders and accumulators - see 4.5.2.

c. Hoses - see 4.5.

d. Valves - see 4.5.

3.

4.

Obtain the liquid sample for each subcategory of dynamic components, as follows:
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4,51 Rotating Components

Connect the component's inlet directly to its outlet through a precleaned (<10% rule) system (see Figure 1) so as to allow
the component to be rotated at its maximum speed. Rotate the component at its maximum speed under no load for a length
of time sufficient to achieve tenfold minimum circulation of the system oil volume. During rotation, keep the hydraulic fluid
at the minimum recommended operating viscosity. After tenfold circulation and with the component rotating, withdraw a
sample per ISO 4021 (Table 1 Section 4) (see 5.4). During the test, no hydraulic fluid shall be taken from the system other
than for contaminant sampling, for instance, any case drain line should be connected back to reservoir. For pumps/motors
with an external case drain, the test duration should be sufficient to pass a hydraulic fluid oil volume through the case drain
line at least equal to 10 times the wetted volume of the pump case plus case drain line. As an alternate for components with
low case drain flow, collect all of the case drain flow during the test for separate analysis.

4.5.1.1 Hydraulic motors may be operated as a pump where operating parameters permit. When not possible, a pump is
to be add€d 1o the system to drive the motor.

4,5.1.2 Use a hydraulic fluid as agreed to between the component manufacturer and the testilabordtory.

45.1.3 Test varigble volume components at full displacement; however, they shall be eycled 1Q times from zero to
maximum [to zero displacement at the start of the evaluation.

4514 Test overLenter variable volume components in each flow direction.

4515 ltisimporfant to note that this method of taking a liquid sample is nétintended to measure ngr in any way account
for the contaminant generated during break-in under load.

4.5.2 Reciprocatirjg Components
Cause the compongnt to be cycled with the same clean test liguid 10 times at 120% of the maximum rate expected in
service, using test liduid of viscosity equivalent to that expected,at maximum operating temperature. R¢move a fluid sample
per ISO 4021 (Tabl¢ 1 Section 4) as is most appropriate.(See 5.4); or, in the case of small components, by completely
draining (see 4.2.4).
4.5.2.1 Circuit forcylinders is to provide for varied-configurations, such as:

a. Double acting - balanced and unbalanced area - small rod and large rod displacement.
b. Single acting.
c. Telescopic.

Figure 2 shows the tiypical test-eonfiguration for external cycling of cylinders.

Where space is not $ufficient, the test circuit should be set up per Figure 3, where the cylinder is driven hydraulically.

45.2.1.1 The Major Components of Figure 3

a. Reservoir (1) with conical bottom with built-in perforated diffuser (2) located below minimum operating fluid surface level
(see 4.2.6).

b. Variable displacement pump (3) - of sufficient max flow rate to stroke cylinders at maximum specified rate.
c. Relief valve (4) - to control maximum circuit pressure for safety and temperature elevation.

d. Directional valve (5) - manually positioned for free circulation to reservoir or flow through clean-up filter for initial
cleanliness qualification of fluid (<10% rule).

e. Filter (6) - for clean-up of fluid to specified level prior to test.
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Directional valve (7) - manually positioned for manipulation of test cylinders.

Variable orifice (8) - for pressure control during circuit clean-up and for use with a check valve (10) for accumulator

(9) - as short as is practicable and precleaned.

Procedure for Circuit Clean-up to Required Pre-Test Contaminant Level: Figure 3

Fill the system (without cylinder or accumulator under test connected) with a volume of clean test liquid equal to a
minimum of 1.2 times the fully extended internal volume of the cylinder or accumulator.

With the open adjustable orifice (8) connected at points A and B to the hoses (9) to be used to connect the test cylinder,

valve (7) in cenfer position, and valve (5) positioned to direct fluid flow fo filter (6) and pump, (3

Manipulate valvgs (7) and (5) to thoroughly flush all portions of the circuit, using orifice (8) settin

displacement to deliver flow rate required to stroke the cylinder to be tested at th
sting accumulators to fill the accumulator at the required rate.

) to deliver pump flow to orifice (8) and reduce the orifice sizé to’raise the pre
vel. Delete this step for testing accumulators.

) set to deliver near

E required maximum

ssure to the desired

e (4) to limit the pressure to the level of (d) above, exceptin the case of accumulgtors; adjust the relief

times the precharge gas pressure.

f step (d) to flush the relief valve and its related conduits. It is important that at lea
her flow rate (120%) than will be used for the evaluation (see 4.2.1).

until determinations of particulate cortent at the indicated sampling point (see

gs both smaller and
5t part of the flushing

4.2.5) with valve (5)

pass the filter show the content to be no more than 10% of the allowable contaminant level for the test

testing, adjust the orifice (8);by setting the flow of pump (3) to the maximum discharge flow rate of the

e orifice should be gradually restricted until relief valve (4) opens. Orifice (8)
allel with a check valve(10) to the accumulator port and hose end (A). Cap hose ¢
b that of step (C).

re for Cylinder.Contaminant Assessment

so adjusted is then
nd (B). Return pump

center position and pump off, remove orifice (8) and connect cylinder to be evaluated at A and B if

at Aand B plugged if single acting. The orientation of the cylinder should be with
sides-of cylinder, place ports in horizontal plane.

ports down. If ports

With pump running, valve (5) positioned to by-pass filter (6), operate valve (7) to fully extend and retract the test cylinder

Extract a sample of test liquid per ISO 4021 (Table 1 Section 4) from sampling point of circuit (see 5.4).

Circuit for accumulators is to provide for both bladder and piston types as shown in Figure 3.

The major components of Figure 3 are described in 4.5.2.1.1, noting particularly item (g). The circuit clean-up

and adjustment for accumulator testing is described in 4.5.2.1.2, noting particularly items (c), (d), (e), and (h).

Precharge the accumulator to take minimum pressure required to achieve the maximum flow rate in the test

set-up of Figure 3 consistent with the application and with the maximum system test pressure being equal to
four times the precharge pressure.

f.

g.
testing.

h. Hoses or tubing

45212

a.

b.
minimum flow re]le, start the motor.

c. Adjust the pump
velocity, or for tg

d. Position valve (]
maximum test lg

e. Adjust relief valv
valve (4) to four

f.
larger than that g
be done at a hig

g. Continue above
positioned to by
cylinder.

h. For accumulatorn
accumulator. TH
connected in pat
(3) flow setting t

45213 Procedd

a. With valve (7) in
double acting or|
are on opposite

b.

a minimum of 10 times.

C.

4522

452.2.1

45222

CAUTION:

Do not exceed the maximum working pressure of the accumulator.
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45.2.2.3 Procedure for Accumulator Contaminant Assessment

a. With valve (7) in center position and pump off, connect orifice (8) and check valve (10) and accumulator to be evaluated
at A with B plugged. The orientation of the accumulator should be with port down.

b. With pump running, valve (5) positioned to by-pass filter (6), operate valve (7) to fill and exhaust accumulator a minimum
of 10 times. The opening of relief valve (4) is a positive indication that the accumulator is full.

c. Extract a sample of test liquid per ISO 4021 (Table 1 Section 4) from sampling point of circuit (see 5.4).
453 Hose

| Collect samples in accordance with ISO 18409.

454 Valves
Connect the valve tq a suitable test fixture and flush every flow passage at its maximum ratéd)flow wjth a clean test liquid
(hydraulic fluid) of a| viscosity equivalent to that of the system fluid at maximum operating temperatire. Flush each flow
passage for a time slfficient to assure that a hydraulic fluid volume at least equal to 10-{imes the test $ystem liquid volume
has passed through|the valve. After all flow passages have been flushed for the mihimum time, withdraw a sample per
ISO 4021 (Table 1 Section 4) (see 4.2.7 and 5.4).

4541 Where coptaminants may be released by high pressure, such as/in cored passages, prgssurize the valve to
system maximum operating pressure prior to the flushing cycle:

4542 Thetest sfand can be similar to that shown in Figure 3 with-the valve connected to points A and B and work ports
connected to each other as appropriate.

4.6 Parts, Rinse Tlest

4.6.1 Checking will be made just prior to normal usage or packaging.

4.6.2 Measure and record magnetism. Demagnetize to 12 gauss maximum if required.

4.6.3 Thoroughly finse the wetted portion of the part with a stream of designated clean test liquid.

4.6.3.1 Testliquid and contaminant.are)to be collected in a verified clean container.

4.6.3.2 Core sand, machining chips, etc., loosened by rinsing will be removed from the unit part and|added to the verified
clean container. If the quantity of chips is significant, then the evaluation methods of 5.2 and 5.2.1 are

recommernded.

4.7  Fill Hydraulic Fluid

Used to fill components, subsystems, and systems for either testing, shipment, or use should be checked by sampling from
the filling line or by sampling from the stored container per ISO 4021 (Table 1 Section 4). If the container is normally
shippable, it should be agitated prior to sampling to duplicate shipping shock and vibration per 4.2.2.
5. EVALUATION OF LIQUID SAMPLES
Use one or more of the following methods:

| 5.1 Provide gravimetric analysis in accordance with ISO 4405 (Table 1 Section 5).

5.2 Provide particle count analysis in accordance with:

| 5.2.1  Microscopic - ISO 4407 (Table 1 Section 5).
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| 522

523

Automatic particle counter calibration - ISO 11500 (Table 1 Section 5).

As an alternative, when only particulate contaminant is of interest, an in-line automatic particle counter may be

attached to the system. Care must be exercised because free water and entrained air can be counted as particulate
contaminants.

CAUTION: When using an automatic particle counter, be aware of the largest contaminant size that needs to be measured
and compare with the largest size that will pass through the counter. If incompatible, the counter can be
protected with a chip filter which can be inspected before and after each test; however, this assumes that only
a few chips will be present in each test.

accordance with ISO 3722 (Table 1 Section 5).

Sampling bottles and laboratory beakers should be verified as having an RCL of no more than 1% of the ACL in

nents or subsystems have been evaluated in a circulating system (see 4:3.2
P 2.3, 4.5.3.3, and 4.5.4), the contaminant results for the sample withdrawn are tg

ratio of the tofal test system oil volume to the component (or subsystem) wetted volume“to ob|

5.3
5.4 When compo
452.1.3,4.5.
value for the ¢
to minimize th
| 55
5.6 Analyze for

spectrographi
6. REPORTING Cl

Report data using on

6.1 Milligrams per
6.2 Milligrams per,|
6.3 IS0 4406 solid
Section 6) (se
6.4 Measure and

7. GUIDELINES F(

7.1 The ACL valu
detailed speci

that it does nd

bmponent or subsystem. It is recommended that the test system liquid volume be a
b dilution factor (see 4.2.7).

Analyze for water in oil samples per ASTM 6304 (Table 1 Section 5).

iquid hydrocarbon contaminants such as kerosenef,solvents, etc., using
analysis.

[EANLINESS LEVEL DATA
e or more of the following:
meter squared of wetted surfaces.

liter of internal wetted volume (s€e-5.4).

2 5.4).

eport the RCL of both the verified clean container and clean test liquid (see 5.3).
DR ESTABLISHING ALLOWABLE CONTAMINANT LEVELS (ACL)

bs to be'used for a given item need to be established for a particular applicatior]

icatiafy for that component. Ideally, the ACL of a particular component or subsys
t add~to the contamination level of the system in which it is to be used. For systg

be consistent

442,451, 452,
be multiplied by the
fain the contaminant
5 small as is practical

differential infra-red

contaminate code for particle greater than 4 ym, 6 ym, and 14 um per mL of wetted volume. (Table 1

and included in the
tem should be such
ms, the ACL should

vith’the contaminant tolerance of the most sensitive components and desired life.

Such specification of

ACL should also consider Sections 8, 9, and 10 of this Recommended Practice.

8. RESOLUTION OF DISPUTES

Attempt to resolve disputes by carefully reviewing the following:

8.1

8.2

8.3

8.4

Method of obtaining fluid sample.

Degree of component or system agitation prior to sampling.

Type of liquid being used to obtain fluid sample.

Degree of turbulence of fluid sampling point (maximum Reynolds number, location of sampling point, etc.).
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8.5 Comparative shock and vibration applied to item prior to evaluation.

8.6 Method of fluid sample evaluation in accordance with Table 1.

9. CRITERIA FOR ACCEPTANCE

The specific methods of collecting and evaluation of test liquid samples should be evolved in accordance with this
recommended practice. It is recommended that each specific method be evaluated by multiple tests on each of several
components in more than one laboratory, so that reasonable confidence in test repeatability and reproducibility can be

established. Once the method has been established, the ACL should be established per Section 8.

10. SUMMARY OF DESIGNATED INFORMATION

The following design[ted information is needed when applying this recommended practice to a particulpr application or use:

10.1 Type of item tp be evaluated and maximum conditions (flow, pressure, velocity, etc.) of test:

10.2 System hydrauilic fluids (both brand and type).

10.3 Maximum sys{em temperature.

10.4 Minimum viscosity of system hydraulic fluid at maximum temperature.

10.5 Acceptable test liquids for contaminant assessment (see 4.2.3).

10.6 Maximum expgcted shipping and operating shock and vibration.

10.7 Method desired for evaluating test liquid samples and repaorting results.

10.8 Desired ACL.
11. TERMINOLOGY
The following terms pre used herein and are ngt ¢covered in Table 1:

11.1 ALLOWABLE [CONTAMINANT LEVEL (ACL)

A value for comparis
components, subsys
contaminant toleran

11.2 CLEANTEST

on with a measurement of the amount of particulate and liquid contaminant in h
tems, and syStems. The value describes an acceptable contaminant level which
e of the mesi sensitive system components and desired life.

LIQUID

A fluid that has bee

prpr‘lpnnpd so that its RCIl is not maore than 10% of the ACl of the component 1

ydraulic fluids, parts,
s consistent with the

nder test (see 4.2.3).

11.3 CLEANLINESS LEVEL

A property of a component, fluid, or system that is a measurement of its relative freedom from particulate and liquid

contaminants.

11.4 PRE-CLEANE

D (<10% RULE)

A test stand is considered pre-cleaned when its contaminant level is less than 10% of the ACL of the component or system

under test.
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11.5 REQUIRED CLEANLINESS LEVEL (RCL)

The contaminant level associated with the apparatus, solvents, and liquids used to collect, transfer, and analyze the
contaminants in a liquid sample. No matter how clean a sample is in reality, the lower limit of measurement of the ACL is

the RCL. (RCL is usually 1 to 10% of ACL.)

11.6 VERIFIED CLEAN CONTAINER

A suitable collection vessel that has been satisfactorily cleaned and whose cleanliness has been checked per ISO 3722

(Table 1 Section 4) and exhibits an acceptable RCL.

11.7 WETTED VOLUME

The liquid volume o

12. KEY WORDS A

a component or system normally in contact with hydraulic fluid from the system.

ND PHRASES

To be used as an aig for indexing this Recommended Practice.

12.1 Assessing Cle

Components, flow t€

anliness of Hydraulic

st, fluids, parts, pressures and flush test, rinse test, slosh test; subsystems, syste

12.2 Cleanliness Lgvel

Allowable (ACL), reg
12.3 Contaminatiorn
Components, fluids,
12.4 Failures of Hy
Catastrophic, start-u
12.5 Hydraulic

Built-in contaminatio
12.6 Representativ

Reynolds number, ty

uired (RCL).
Levels
parts, subsystems, systems.

Hraulic Components

p.

h, component ¢leanliness, part cleanliness, subsystem cleanliness, system clean
b Sample Collection Cautions

rbulence, vibration, and shock.

Ms.

iness.
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