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4.1 Cleanliness Levels by Particle Size:

Table 1 lists the cleanliness classes established to provide a set of criteria for specifying fluid
cleanliness levels. The classes are based on contaminant size, count, and distribution. Because the
particle size depends upon the calibration and method of measurement, the sizes have been
assigned alpha characters, A, B, C, D, E, and F. Note that the symbol um(c) is used throughout this
document to designate that the particle size was determined using a liquid automatic particle counter
calibrated per ISO 11171. The size actually counted will depend upon the calibration method used
for the automatic particle counter as identified in Table 1.
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TABLE 1 - AS4059 Cleanliness Levels by Particle Count

Maximum Contamination Limits

(particles/100 mL)
Size, ISO > 1 >5 > 15 >25 >50 |>100
4402 pm pm pm pm pm pm
Calibration,
or Optical
Microscppe
Count*
Size, 180 >4 >6 > 14 > 21 s 38| |>70
1117} um(c) pm(c) | um(c) | pm(c)2f pm(c) | um(c)
Calibration or
Electron
Microscape**
Size Cqde A B C D E F
000 195 76 14 3 1 0
DO 390 152 27 5 1 0
C 0 780 304 54 10 2 0
L 1 1560 609 109 20 4 1
A 2 3120 1220 217 39 7 1
S 3 6250 2430 432 76 13 2
S 4 12(500 4860 864 152 26 4
E 5 25,000 9730 1730 306 83 8
S 6 50,000 19,500 3460 612 106 16
7 100,000 38,900 6920 1220 212 32
8 200,000} 77,900 13,900 2450 424 64
9 400,000, 156,000 27,700 4900 848 128
10 800,000 311,000f 55,400 9800 1700 256
1 1,600,000, 623,000| 111,000 19,600 3390 512
12 3,200,000/ 1,250,000] 222,000 39,200 6780 1020

* Particle size based on longest dimension
** Particle size based on projected area equivalent diameter
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4.1 (Continued):
To provide versatility, the applicable cleanliness class can be identified in the following ways:
a. Total number of particles larger than a specific size.
Examples:

AS4059 Class 6 (see 4.1.1)
AS4059 Class 6B (see 4.1.1)

b. Designating a class for each size range.
Examples:

AS4059 Class 6B/5C/4D/AE (see 4.1.2)
AS4059 Class 6B/5C/4D/3E/3F (see 4.1.2)

c. Basing the|class on the highest class of multiple size ranges (used when NAS 1638 requirements
are specifi¢d).

Example:

AS4059 Class 6B-F (see 4.1.3)

4.1.1 Classification Based on a Single Size.’ The NAS 1638 and AS4059 classes are lhased on a natural
distribution df particle sizes. Thistnatural distribution does not really apply for pdrticles in a filtered
fluid as used in a hydraulic system. In a filtered fluid, the highest class number Will usually be
determined ly the counts for.the smallest particle size of interest. Therefore, A$4059 Revision B
and earlier bapsed the class on the smallest particle size of interest since the smallest particle size
usually had the highest €lass number. Class 5B means no more than 9730 part|cles per 100 mL
greater than|size B«5.um for ISO 4402 calibration and 6 pm(c) for ISO 11171 calibration). If these
smaller size particles are not of interest, one might require Class 5C which limitg the number of
particles per|{100°'mL to 1730 for size C and larger particles.

NOTE: Where an AS4059 class is specified without a size suffix, it means that the counting
requirements for size B are to be applied to provide continuity with AS4059 classes for
Revision B and earlier.
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4.1.2 Designating a Class for Each Size Range: Automatic particle counters can easily count the
number of particles in several size ranges. Today, a different class of cleanliness is often desired
for each of several size ranges. Requirements can be stated and cleanliness can easily be
reported for a number of size ranges. Examples are provided below:

a. 7B/6C/5D/4E/3F is a numeric-alpha representation in which the number designates the
cleanliness class and the alphabetical letter designates the particle size range to which the
class applies.

b. 7B/6C/5I
maximun

Size B:
Size C:
Size D:

A class may
of Classes A

4.1.3 Cleanliness
is determine
identify the ©
NAS 1638.
designate N

Examples:

a. AS4059
counts fd

b. AS4059
complex

D indicates that the number of particles for each size range do notiex
n number of particles:

88,900 per 100 mL
B460 per 100 mL
BO6 per 100 mL

be designated for each size from A through F.>'See 4.2.1 for guidar]
and F.

Class Based Upon Multiple Ranges: . When this method is used the
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Class 6B-F requires that the particles be counted in all sizes B throd
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ceed the following

ce regarding use
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then used to
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in4.1.2. To
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gh F and that the
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Class,6B-E is the same as Class 6B-F except that size F particles, for which a more

counter calibration procedure is required, are not counted (see 4.2.

1).

4.2 Specifying Cle

anliness Levels:

Cleanliness levels shall be specified by the appropriate class from Table 1 as identified in 4.1.1

through 4.1.3.

4.2.1 Selection of Size Ranges: For Classes 6 and greater, invoking requirements for the smallest size
(A) particle is not usually required although most automatic particle counters can handle up to
Class 10 without dilution.

Specifying the largest size (F) requires a more complex automatic particle counter calibration
procedure and the use of an additional contaminant, spherical latex beads, as identified in

ISO 11171.



https://saenorm.com/api/?name=39d649412cf7eb8a0a092168bd236704

SAE AS4059 RevisionD

5. SAMPLING AND ANALYSIS:
5.1 Procedures:
Sampling and analysis of fluid shall be in accordance with ARP5376.
5.1.1 Particle Count Measurement: Particle counts shall be made with an automatic particle counter

calibrated per ISO 4402:1991 or ISO 11171. Microscopic particle counts in accordance with
ARP598 are acceptable.

6. DETERMINATION AND REPORTING OF CLEANLINESS CLASS:
6.1 AS4059 Cleanliness Data Sheet:
Because sampling, automatic particle counter calibration procedures,’and other factors are so
important in determining fluid cleanliness, the AS4059 Fluid Cleanliness Data Sheet (DS-1) or
equivalent shdll be used for each sample.
NOTE: Users|have permission to reproduce the data sheet.
6.2 Determination|of Cleanliness Class:
The fluid cleanjiness classification is determined from Table 1 by the number of particles greater than
the applied sizes. In 4.1, three different methods of specifying cleanliness classeq are identified.
However, for rgporting cleanliness classes;the numeric-alpha designation described in 4.1.2 is
recommended, This method allows forreporting the cleanliness class for each size range counted.

7. NOTES:

This section contains information of a general or explanatory nature that may be helpful but is not
mandatory.

7.1 Transitional Nature'of the Document:

AS4059C is written 10 Serve as a ransitional document. Activities using counters calibrated per
ISO 4402 can use the document as well as those using the new calibration procedure per 1ISO 11171
based on NIST certified dust. The use of letter designations after the cleanliness class eliminates
the need to specifically identify the particle size and calibration procedure since it applies to both the
old and new sizes and procedures. It is expected that when AS4059 is next updated, references to
the ISO 4402 calibration procedures and sizes will be deleted.

7.2 Counts for Particles Greater than 2 pm in AS4059 Revision B and Earlier:

In earlier revisions, there was an option to count particles larger than 2. See Appendix A for
cleanliness classes when patrticles larger than 2 um were counted.
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7.3

7.4

7.5

7.6

Data Analysis:

AIR877 provides guidance on particle count data conversion and extrapolation for analysis.

Sampling Errors:

Extracting a fluid sample from a fluid system may generate large particles (size E and larger) which
can enter the sample and distort the contamination count. When a sample has an unusually high

count in one o
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Dilution:

High levels of

75% of the sat
a level approa
exercised whe

level of the codinter. The dilution fluid must be very clean, Class 0 or better, and m

with the hydra
two major prol
fluid will contai
With these prg
measurement

ISO 4406 Cles

For industrial h
with 1ISO 4406
calibration bas
calibration, 1S(
counted per A

the larger size ranges, the sampling device or technique should bg
By basing cleanliness requirements on the smaller particle sizes,

fontamination may saturate automatic particle counters; therefore, ¢
Liration level of the counter may be suspect. When'it is necessary tg
Ching saturation or greater, it will be necessary-to dilute the sample.
h the fluid sample is diluted in order to reduce particle counts below

Ilic fluid and the optical qualities of the-fluid used in APC calibration.
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NOTE: ISO 4406 counts are per mL while AS4059 counts are per 100 mL.
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7.7 The change bar (|) located in the left margin is for the convenience of the user in locating areas
where technical revisions, not editorial changes, have been made to the previous issue of this

document. An (R) symbol to the left of the document title indicates a complete revision of the
document.

7.8 Key Words:

Particle count, particle size, contaminant level, contamination
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APPENDIX A

This Appendix is for information only and does not contain any requirements.

Required AS4059 Class Based on Size (A, B, or C)
Cleanliness: NAS 1638 Class Other (describe)
Sample Aircraft/Application
Identitly: System/Location
Date Taken By
Date Analyzed By
Sampling Bottle Bottle Cleanliness Level
Proceduyre: On-line Other (describe)
Automatjic Brand & Model
Particle Sensor Model
Counter Date Calibrated
Data: APC Calibration (ACFTD per’ ISO 4402)
NIST SRM 2806 per ISO 1117[1
Sensor flow rate ml{/min
Volume counted per run mL
Dilution £luid
APC Callibration Particle | Volume Dilution | Count
Count Counted | Ratio per 100
mL
Size,um | Size, s
IS0 um(c) I
4402* 180 2
11175 | E
> 1 » N4 A
> 5 > 6 B
> 15 > 14 C
> 25 > 21 D
> 50 > 38 E
> 100 > 70 F

* Also applies to microscope counts per ARP598

Reportgd Cleanliness Class or Classes:

FIGURE Al - AS4059 Fluid Cleanliness Data Sheet (DS-1)
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A.1 COMPARISON OF NAS 1638 AND AS4059 CLEANLINESS LEVELS:
A.1.1 Original NAS 1638 Cleanliness Levels:

NAS 1638, first issued in 1964, has been widely used in the industry for specifying system fluid
cleanliness in parts and hydraulic systems. NAS 1638 presented the option of specifying
contamination limits by maximum patrticle counts per 100 mL of fluid or by the weight of
contamination per 100 mL of fluid. (See Table Al for the particle counts for the original NAS 1638

classes.)
TABLE Al - Original NAS 1638 Maximum Contamination Limijts
(Based on a 100 mL Sample Size)
Class Particle Size Range (Micrometers) *

5 to 15 15 to 25 25 to 50 50yto 100 Over 100
00 125 22 4 1 0
0 250 44 3 2 0
1 500 89 16 3 1
2 1000 178 32 6 1
3 2000 356 63 11 2
4 4000 712 126 22 4
5 8000 1425 253 45 8
6 16,000 2850 506 90 16
7 32,000 5700 1012 180 32
8 64,000 11,400 2025 360 64
9 128,000 22,800 4050 720 128
10 256,000 45,600 8100 1440 256
11 512,000 91,200 16,200 2880 512
12 1,024,000 182,400 32,400 5760 1024

* Same as |[ARP598.

-10 -
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A.1.2 AS4059 Cleanliness Levels:

This AS uses the same classes for particle count as NAS 1638 but extends the requirements to

provide:

a. Cumulative counts greater than a specific size rather than counts within a size range to better
reflect the manner in which automatic particle counters perform. NAS 1638 counted particles in
the same size ranges as ARP598: 5-15, 15-25, 25-50, 50-100 and >100 um. When

microscgpe counts per ARP598 are made, fibers with a length greater than.]
reported [separately from other particles whose largest dimension is 100 .

b. An option to extend particle counts down to 1 pum (ACFTD calibration) or 4 u
bration). Prior to Revision C, AS4059 provided an optionto extend
P um (1ISO 4402 calibration). While these counts are,né-longer used,
A2 for historical purposes.

NIST cal

down to ]

in Table
c. Acleane

d. Versatilit

TABLE A2 - AS4059 Revision:B’and Earlier Classes When

I classification of cleanliness, Class 000, which'is not covered in NA

y to the manner in which cleanliness classes can be specified and r

Counting Particles Greater Than 2 um

Class

Maximum Contamination
Limits (particles/100 mL)

000

164

00

328

656

1310

2620

5250

10,500

21,000

100 um are

m(c) (1ISO 11711 -
particle counts
they are provided

S 1638.

bported.

42,000

84,000

168,000

336,000

671,000

1,340,000

nlZ|ale|elN|a|o|s|w|vizio

2,690,000

-11 -
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