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1. PURPOSE:

1.1 The purpose of this bulletin is to set forth recommendations of the SAE Com~
mittee A-6, Aerospace Fluid Power Systems and Equipment, relative to the
procedures and methods to be used in conducting contamination controlled
tests on alrcraft and missile hydraulic systems and pumps. This
pose of outlining a standardized procedure such that comparative results can be

2,

cbtained.

SCOPE:

is for the pur-

2.1 This procedure will be generally epplicable to three classes of hydraulic com=-

2.2

30
3.1

3.2

TEST CIRC

ponents as

listed below:

T oe A

8

o9 3= “Pb RGO '- ee
Reservoirs, and Non-metering Valve
Class B - Servo Valves and Metering Velves

Class C ~ Special short Life Duration Components

These reco

ndations are written to cover the following six mai

Test Circuit (Paragraph 3).

Test Procedure (Paragraph k).

Calibration (Paragraph 5).

Contamination Test (Parsgraph 6). ,

Type end Amount of Conteminant (Paragraph T).
Method of Measuring Comteminent (Paragraph 8).

n categories:

rs and Non-

Class A th;:s -~ Pumps, Motors, ‘Actuators, Accumulators, Resexrvoi
Metering Velves: .The test circuit shall be set up as shown in

pumps. Figure 1A shall be used when Hydraulic Motors or other ¢
test. In this circuit, the reservoir shall be so conspructed that the

are under
bottom of
or punmp in

Class B Un

Fhe reserveolr shell be smooth without corners and the
Llet connection shall be the lowest point on the reserv

its & Servo Valves and Metering Valves: The test circe

valves and

metering valves, Class B units, shall be set up as sh

Figure 1 for

ircult componente

regservoir outlet
pir.

nit for servo
pwn in Figure 3.

The same p

recautions sheall be haken in thig cireuwit as outlined |

to minimize contaminetion traps.

Clags C Units - Short Life Components:

in Paragraph 3.1

Special short life duration components

will use circuits shown in Figures 1, 1A, and 3, whichever is applicsble.
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3.4

3.5

3.6

3.7

3.8

3.9

For the purpose of introducing contaminant to the system during operation, a small
contaminant chenber, coneisting of a standard flared tube T comnection of the
AN-824-16 type, shall be in & line parallel to the main inlet line. This chamber
shell be connected to the by=-pass circuit with normal military fitting connec-
tions and shut-off valves such that the chamber can be connected in and out of the
circult through the use of the shutoff valves. To introduce conteminent the fol=-
lowing sequence of valving should be obserwved:

1. Open Valve 2
2., Close Valve 1
3. Close Valve 3
k., Remove cap and place contaminant in chamber and replace cep.
5. Open Valve 3
6. Open Valve 1

ry parallel system containing the contaminant to-be uged in this test
the inlet line of the unit under test. That 1ss if iY is a pump that
test in the contemination controlled circuit, the position of this
rcult shall be in the pump inlet line as shewn. In the event that
ircuit component is undergoing contaminated circuit te¢sts, this

reult to introduce the contaminant shall be immediately up-stream of
t. That is, if a servo valve is undergoing circuit test, the con-

1 be introduced through this auxilisry circuit immedijately up-stream
valve.

ecting the outlet of a contaminant chanber to the unit inlet shall
e main system at an angle ofUnot more than 45° to instre minimum dis-

turbance of|the contaminant.

In the test
minimized.
cult instal

circuit, sharp cormers, "dead" circuit areas, or sections shall be
All parts of the circult shall be thoroughly cleaned prior to the cir-
ation. The heat exchanger shall be of a coiled tube {ype in a water
cooled Jjacke¢t to minimize places for contamination entrapment. is is to minim-
ize the collection of conteminent during tests in this piece of equipment. As
shown in Figure 1, the sampling valves shall be loceted at & place where there is
& bend in the circuitssuch that the normal circuit flow would be ¢ssentially
straight into the sanpling velves.

The toteal volume of fluid in the entire circuit, including that in the reservoir,
shall be a maximum of 10 gallons. Of this amount, the reservoir ¢apacity shall be
between 1 to L4’ gallons,

Circuit filtration mey be used to obtain initial circuit cleanliness, as outlined
in paregraph 4,1.2. However, prior to the start of tests introducing contaminant
to the test circuit, all system filters shall be removed. This shall also include
the removal of the filter housings, as well as the elements from the circuit to
preclude the possibility of the housings trapping some circuilt contaminent during
operation.

3.10 Adequate precautions shall be used to determine that, if pressurization is used

on the reservoir, that essentially no additionsl conteminant is added to the
reservoir through this pressurization.
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4. TEST PROCEDURE:

4.1 Class A Units - Pumps, Motors, Actuators, Accumulators, Reservoirs and Non-

metering Valves: 'The system shall be operated with the pump running at rated
speed and temggrature with the outlet pressure cycled from l/lL flow pressure to

full flow at

% rated pressure, at a cycle rate of 10 cycles per minute. The

inlet pressure shall be at rated pressure. In these tests, and all subsequent
tests, unless otherwise stated, these conditions shall be used.

4,1.1 The pump shall be operated as outlined above for & period of 30 minutes.

During

the last 5 minutes of operation, 100 ml samples of circuit fluid shall be taken
from the pump inlet and system return line sampling wvalves.

4.,1.2 The totael conteminant in these two semples shall be measured according to pro-
posed Aerospace Recommended Practice 598, in which the total number of

particlesﬂare determined through a particle count method. The

nhximum nuber

of particles counted in the system, prior to the contamination test, shall be
as outlingd in Table 1.
TABLE 1
ACCEPTABLE CONTAMINATION LEVELS PER 100 ML, OF FLUID WHEN
MEASURED IN ACCORDANCE WITH PROPOSED ARP 598
Size Range As Measured .In Hydraulic
(Microns) System, Class A, B, or C
5 = 15 20,000
15 - 25 9,000
25 - 50 2,500
50 = 100 150
Over 100 30
(Including Fibers)

4.1.3 If the sygtem does not neet this initial cleanliness level, addi

tional filtra-

tion and/qr other mesns of cleaning shell be used until this cleanliness level

is met.

k,1.4 This procqddure covers e 50 hour test in a contamination controll
tamination placed in the system every 5 hours of operation. Thi
O-tests of 5 hours duratlon.

total of
of each 5 lho

After ‘bhe first 30 m:.nut

ed system; con-
8 will be e
es of operation

ocm, as de-

scribed below, and during the last30m1nutes ofee.ch 5 hour test y fluid samples
shall be obteined from the unit inlet and outlet sampling valves as outlined
below. Unless otherwise outlined in this procedure, the pump or other item

under test shall be operated st rated conditions.

temperature, speed, and/or flow and other conditions.

This is in relation to
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L.2 Class B Units - Sexrvo Vaelves and Metering Valves: This system shall be operated
in & 3 gallon total circuit capacity, as shown in Figure 3. The system shall be
operated with the velve cycling at rated flow and temperature, at a cycle rate
of 1 cycle per second.

k.2.1 The system shall be operasted as outlined above for a period of 10 minutes.
During the last 2 minutes of operation 100 ML samples of circuit fluid shall be
taken from the velve inlet and system return sampling velve.

4,2,2 The total contaminant in these two samples shall be measured sccording to pro-
posed Aerospace Recommended Practice 598, in which the total number of
particles are determined through a particle count method. The maximum number
of particles counted in the system, prn.or to the contamination test, shall be
as outlined in Teble 1 (Para. 4.1.2

h,2.3 If the system does not meet this initial cleanliness level, additional filtra-
tion a.nd/ r other means of cleaning shall be used until this c¢leanliness level
1s met.

h.2.h This procedure covers a 12-1/2 hour test in a contamination conprolled system.
Contaminapion is placed in the systen every l/ 2 hour of operatipn. This will
of 25 tests of 1/2 hour duration each. )After the fiyst 5 minutes
of operation of each 1/2 hour test, the contamifent shall be placed in the
system as|described below. During the last 5 minutes of each 1J2 hour test
les shall be obtained from the unit inlet and outlet sampling valves
d below. Unless otherwise outlined in this procedure) the item
undex ‘test shall be operated at rated conditions. This is in reletion to
temperature, pressure, end/or flow, and other conditions.

k.3 Class C Unips - Short Life Components: For short life components|test procedures
wnder classlfication A or B may be'lused with the exception that the time periods,
of whicheveyr procedure is used, may be varied. That is, in the case of a short
life pump, instead of running.lO five hour tests, this might be apcelersted such
as running 1O one hour testg,. In each unit segment of time the same amount of
conteminant|designated for classifications A or B shall be used.

5. CALIBRATION:

5.1 Cless A Units - Pumps, Motors, Actuators, Accumilators, Reservolirp and Non-
metering Valvess Prior to and aiter completion of the 50 hour cohteminetion
test, performance of the uni'b under test shall be measured at rated conditions.
In the case : : akage 811 be measured at
‘three rated conditions- 1. Minimum outlet Pressure, 2, At 80% of rated pressure;
and 3. At zero flow pressure.

5.2 Class B Units - Servo Valves and Metering Valves: Both before and after comple-
%ion of the 12-1/2 hour contemination test, the hysteresis of the valve shall be
nmeasured together with other characteristics in clean oil at the rated conditions.

5.3 Class C Units - Short Life Components: Components in this classification shall
be calibrated according to their standard conditions both prior to and after
the completion of the respective contamination tests. This calibration shall be
in clean oil.
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6.

CONTAMINATION TEST:

6.1 Class A Units - Pumps, Motors, Actuators, Accumulators, Reservoirs end Non-Meter-

ing Valves (Five Hour Test - 50 Hours Totel): The unit shall be operated in this
test under rated conditions, which will be defined in the detailed specification.
The unit shall be operated for the first 30 minutes of this test with full system

flow at 80% of rated system pressure.

At the end of this first 30 minute run in-

troduce the initial charge of contaminant to the circult following the procedure

as outlined in paragraph 3.4.

operation in which a pump is the unit under test:

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

The following five paragraphs describe the system

The system pump shall then be cycled continuously for 9 minutes at full flow

(80% discharge pressure) and 1 minute at rated pressure at O flow.

Under these

conditions the pump shall be operated for the remeinder of the 5 hour period.

After the
after the
be opened

With a ruI
tion ¢

chamber.

completion of 1 hour of test during the 5 hour period
contaminent has been introduced into the system),
and valves Nos. 1 and 3 shall be closed.

The chamber shall then be recapped in preparation for

contaminant test.

taminant

hall then be placed in the contaminant chamber by rem

Without s}utting the unit or test circuit down, an identical

ANB20-16
During th

ap.

last 30 minutes of each 5 hour operation, with the p

velye No.

(30 minutes
2 shall

ber syringe sufficient fluid shell be withdrawn from the contemina-
er to permit pouring the slurry containing the contaminant into the

the next 5 hour

unt of con~-
ving the

hmp at full flow

operation|as outlined above, 100 ML samples of fluid shall be taken from the

unit inlet and outlet system return line sampling valves.

valves a

seconds prior to actuelly obtaining the 100 ML sample.

When
open, fluid shell (be 'bled through these valves for a
This is

more representative samplelof fluid for contaminant measurement

taminatio
outlined |

in each of these 100 ML samples shall then be determ
n paragraph 4:1.2, or by a gravimetric weight method.

the sampling
period of 10

to permit a

.  The total con-
ined either as

A total of ten

(10) 5 hoyr running periods, together with introduction of contaminstion and

contaminai
specifical

6.2 (lass B Unif

;ion sampling, sheall be made unless otherwise outlined
sion.

;8- = Servo Valves and Metering Valves ~ (1/2 Hour Test

in the detailed

- 12-1/2 Hours

Total):

The—veiveshall be—operated—in—this—test—under rated—coniitions, which

shall be defined in the detailed specification. This test program will consist

of 25 one half hour tests, for a total of 12-1/2 hours of operation.

During the fixst 5 minutes of each l/2 hour test, the following hysteresis tests
shall be conducted three times:
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6.2.1

6.2.2

6.2’3

6.2.4

6.2.5

6.2.6

Dead Band - Close the load velve and spply a 60 cps input
current dither of 6% of rated ms peak amplitude for 3 seconds.
Immediately after applying the dither, plot, on an X~Y auto=-
matic plotter, the differential pressure between the ports
versus the input current (current on the horizontal axis).
Vary the input current from +100% rated ma to Zero to ~100%
rated ma, and back to +l00% rated ma at a maximum rated of

50% rated me per minute.

The meximmm horizontel distance

between the curves of the hysteresis loop formed shall be

messured.

Gain plus the dead band hysteresis shell be

measured.

At the beginning of the second 5 minutes of operation under rated conditions,
the initiel charge of contaminant shall be placed in the circuilt following the
8,

Without s
taminant
ANB20-16

During th
Nos. 1 an

During th
fluld shal
When the
s, period
e more rej
contamina)

h 3.4,

pperation, valve
1 be opened end valves nunbers 1 and 3 shall be ‘¢losefl.

ber syringe sufficient fluid shall be withdrawn from the contamination
into the chanber.
L/2 hour contam-

utting the unit or test cireult down, en identical ampunt of con-
hall then be placed in the contanminent chanber by rempving the
AP

latter part of the second Five minutes of the 1/2 ho
3 shall then be opened.shd valve No. 2 shall be closed.

test, valves

2 last five minutes of‘each 1/2 hour operstion, 100 ML|samples of

L1 be taken from the inlet and outlet lines of the unit under test.
sampling velves axe-open fluid shall be bled through these velves for
pf 5 seconds prior to obteining the 100 ML semple. This is to permit
presentative @ample of fluid for contaminant measurement. The total
1t in each of these 100 ML samples shall then be dete ed either by

the paxrtl
welght

introduction of contamination and contemination sampling, shall
othexrwise|outlined in the detailed specification.

le count_method, outlined in paresgraph 4.1.2, or by a|gravimetric
hod. A total of 25 one half hour running periods, whjch include the
be made unless

6.3 Class C Units = Short_Life Components: The procedure outlined in paragraphs 6.1

and 6.2 may be used for Class C units, with changes made in the running times to

correspond to the rated life of the unit under test. In each case the same
amount and type of contaminant shall be used, but over a shorter or longer run=-

ning period.

Te

TYPE AND AMOUNT OF CONTAMINANT:

T.l Class A Units -

8, Motors, Actuastors, Accumulators, Reservoirs and Non-Meter-

ing Valves: The contamination Go be used in Ghis Lest shall be equal parts of

Arizona Road Dust, Iron Filings and Ferrous Oxide, together with & lesser amount

of Cotton Linters, which are defined in detall below:
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7.1.1

T.1.2

T.1.3

T.1.k

T.1.5

7.1.6

Each of the first three samples will consist of 4 mgs. per gallon. The amount
of cotton linters or fibers shall be 1 mg. per gallon. This means that for
each 5 hour test there would be Lk mg. per gallon each of roed dust, iron oxide
and iron filings, with 1 mg. per gallon of cotton linters, for a total of 13
mg. per gallon.

Road dust equivalent to stendardized fine air cleaner test dust. This may be
obtained from the AC Spark Plug Divis:n.on, et Flint, Michigan, and consists of
the following size particles:

0 - 5 Microns 39+2%
5 - 10 Microns 1843
10 - 20 Microns 1643

20 - 40 Microns 1843
4o - 80 Microns 943

Iron Oxide 1010 microns (XXP-36C)
#340 ILondgn Red Rouge, James Rhodes & Co.,

Iron filings equivelent to National U.S. Radiabtor
Corporatign, Plastics Metal Division, Johnstown,
Pennsyl ia, plast-iron powder minus 325 mesh

40 micron|filter.

Cotton limters (fibers) equal to U.S. Stendard
Staple Noy T prime cotton linters. (The size
shall be $s ground in a No. 4 Wiley Mill and
screened through a 4 mm screen.

For the unt of contaminant during the 50 hour test, a total ¢f 130 mgs. per
tests X 13 mg./gallon per test) of combined contamingnt shall be
to the system< This means that at the beginning of gach 5 hour

iron powder as ob'balned from A c Spark Plug Division, Geners.lMotors Corpora~
tion, 3100 Norxth Dort Highway, Flint, Michigen; and General Dyestuff Corporation,
Antara Chemical Division, 435 Hudson Street, New York, New York, respectively.

T-2.1

The total combined asmount of conteaminent added each 1/2 hour to the system
shell be 0.2 mg per 100 ml, or .0075 grems per gallon, in the hydraulic circuit.
This amount of conteminant will be put in 25 times, which means at the end of
12-1/2 hours of operation, a total of 5.0 mg per 100 ml, or .1875 grams per
gallon, will have been put into the circuit.
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7.2.2 This contaminant shall be placed in & slurry and pleced in the chamber prior to
each 1/2 hour test. Care shall be used to make sure that no contaminant or
slurry is lost during this operation.

7.3 Class C Units - Short Life Components: This Class shall be chosen from either
the Class A or B contaminant. The same amount of contaminent will be used, with
e modification of the test time period, if required.

8. METHOD OF MEASURING CONTAMINANT:

8.1 At the completion of each specified test period (5 hours for Class A, and 1/2
hour for Clags B), 100 ml samples shall be taken from the unit inlet end outlet
as outlined in paragreph U.l.2.

8.2 The amount efcontaminant taken from each s shall he determined by either
ARP 598, particle count, or by the gravimetric totel weight methpd. Whichever
sed should be standardized and used throughout the entire test econdi-

PREPARED BY SAE SUBCOMMITTEE A-6C, FLUID POWER GENERATING & CONVERSION EQUIPMENT
oF
COMMITTEE A-6, AEROSPACE FLUID POWER SYSTEMS & EQUIPMENT

STABILIZED BY SAE SUBCOMMITTEE A-6C1, CONTAMINATION AND FILTRATION
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