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HYDRAULIC FILTRATION

Work Rhythmically, Efficiently, Without Lagging.
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Types of Contamination

1. Particulate
Silt (0-5um(c))

2. Water
(Free & Dissolved)

Chips (5um(c)™) '
Flow
# A

A
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HOW BIG IS A MICRON?

Human hair comparisons

DUST MITE FECES
10 microns

POLLEN
30~50 microns

HUMAN HAIR
50~70 microns

25 pm
Pollen
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1 Built-In or
From Maintenance

2 Tank Leakage

3 Air Through Breather
4 Dirty New Oil

5 Pump Wear

6 Piping Scale

7 Dirt On Rods

8 Return Line Filter
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Stress raisers caused
by particle collisions

A. Three-body
mechanical
Interactions can
result in interference.

B. Two-body wear is
common in hydraulic
components.

C. Hard particles can
create three-bhody
wear to generate
more particles.

D. Particle effects can
begin surface wear.
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Visual Effects Of Water In Oil Effect Of Water In Oil On Bearing Life

250
l !
I > 200 00025% =  25ppm —
= 001% = 100ppm
= = 0.05% = 500 ppm
4 —
\\ E 150 0.10% = 1000 ppm —
A = 015% = 1500 ppm
b 2 = 0.25% = 2500 ppm
1000 ppm .‘:;& 300 ppm = 100 050% = 5000ppm ___
(.10%) % | — . (03%) g’
A 2. E .
@
S %0 \-"‘H——-—.‘_-__-\.
Vi 0.0025 0.01 " 005 ' "' 010 015 = 025 050
J % Water In Oil

Effect of water in oil on bearing life (based on 100% life at .01% water in oil.)
Reference: "Machine Design” July 86, "How Dirt And Water Effect Bearing Life” by Timken Bearing Co.
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Typical Saturation Points

Fluid Type PPM %
Hydraulic Fluid 300 .03%
Lubrication Fluid 400 .04%
Transformer Fluid 50 .005%
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Vacuum Dehydration System
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4,375 kg of dirt pass through the 25 kg of dirt pass through the pump
pump each year (175 X 25 kg bags). each year (one 25 kg bag).
Expected pump life is 2 years. Expected pump life is more than 14 years.

Number of particles per 100 mi of sample fluid

1S0 21/18 IS0 14/11
Particles larger than5pym 1,000,000 - 2,000,000 8,000 - 16,000
Particles larger than 15 ym 13,000 - 250,000 1,000 - 2,000
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Downstream
Particles

Upstream

Particles
50,000

5'000

1,333

100,000 > (x) microns

1,000

100

Beta Ratio

HE
:

g
8

8
g

E.

100,000
1,333

100,000

“'§‘.

g
g

g g
§§‘

8

Beta Ratio (x)

2

75

100

1000

Efficiency (x)

50.0%

95.0%

98.7%

99.0%

99.5%

99.9%

Efficiency, = (1-1T) 100

ici = (1-=1—) 100
Efficiency,, = ( 200)

= 99.5%

_ # of particles upstream

B

~ # of particles downstream

“X” is at a specific particle size

. 50,000
1510 (C) = 25 =200
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Particle
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Filter Media Selection

From the following seven (7) system parameter tables, select the weighting factor which applies to your application. Add these
weighting factors together and consult the ‘Total Weighting Graph’ (Figure 1). The total weighting factor is found on the vertical
axis. Draw a straight line from left to right, starting at the total weighting factor number. This line is parallel to the horizontal axis.
The total weighting line will intersect the media rating range band (found in the graph) at two points.

Next, draw a line from the two intersection points down to the horizontal axis. This axis shows the particle sizes where the media
should have a Beta rating of at least 200 (99.5% separation efficiency). This indicates the most suitable range of media ratings for
your application. Consult the individual product catalogue(s) to match this result to a specific media.

Table A

Pressure & Duty Cycles

(To take account of the Normal operating pressure & it’s
severity of change, both in magnitude & frequency)

Pressure; Select operating pressure

Duty;

LIGHT Continuous operation at rated pressure or lower

MEDIUM Medium pressure changes up to rated pressure

HEAVY Zero to full pressure

SEVERE Zero to full pressure - with transients at high
frequency (0.6Hz) (e.g. power unit supplying a

punching machine)

Select weighting from table below;

Pressure Duty
PSI Bar Lt Med Hvy Sev
0-1015 0-70 1 2 3 4
1015-2175 70-150 1 3 4 5
2175-3625 150-250 2 3 4 6
3625-5075 250-350 3 5 6 7
5075+ 350+ 4 6 7 8
Weighting No.
Table B
Environment
Examples Weighting
Good Clean area’s, Lab’s 0
Average General machine shops
assembly plants 1
Poor Mobile mills (metal & paper) 2
Hostile Foundries, also where
ingression of contaminant is
expected to be very high 3
Weighting No.

Table C
Component Sensitivity
Examples Weighting
Very High High performance servo valves 8
High Industrial servo valves 6

Above average Piston pumps, proportional valves,

compensated flow controls 4
Average Vane pumps, spool valves 3
Below average Gear pumps, manual & poppet valves 2
Minimal Ram pumps & cylinders 1

Weighting No.

Table D
Life Expectancy
Hours Weighting
0-1,000 0
1,000-5,000 1
5,000-10,000 2
10,000-20,000 3
20,000+ 5
Weighting No.

Table E
Component Economic Liability
To account for the cost of component replacement

Examples Weighting
Very High Large piston pumps, large high

torque low speed motors 4
High Cylinders, servo valves, piston motors 3
Average Line mounted valves 2
Low Subplate mounted valves, inexpensive

gear pumps 1

Weighting No.

Table F
Operational Economic Liability
To account for the cost of downtime

Examples Weighting
Very High \Very expensive downtime of certain
paper, steel mill equipment &

automotive equipment 5
High High volume production equipment 3
Average  Critical, but non-production equipment 2
Low Equipment not critical to production 1

Weighting No..

Table G
Operation Economic Liability
To account for the cost of downtime

Examples Weighting
High Mine winding gear breaking systems 3
Average  Where failure is likely to cause a hazard 1
Low Some hydraulic component test stands;
negligible hazard 0
Weighting No.

Total Weighting
of all Tables I:I



A number of interrelated system factors determines the most suitable filter media for a particular application. The following media
selection method was developed by the British Fluid Power Association (B.F.P.A.) and is used with permission. This media selection
process uses a ‘weighting” system based upon the relative importance of major systems factors. Simply add the individual
‘weighting’ factors from the seven (7) system parameter tables on the previous page. Then, consult the ‘Total Weighting Graph’
(Figure 1) to find the appropriate rating range of suitable media. This rating range is based upon ‘absolute’ media ratings, where
the Beta rating is equal to or greater than 200 (99.5% separation efficiency).

It must be emphasized that the rating range obtained can only be considered as an approximation. Precise operating parameters
are often difficult to quantify by both users and makers of filtration equipment. Once the approximate rating range has been
established, the final media selection should be based on the specific characteristics of a given medium. For more information
about specific media performance, the appropriate product catalogue’s should be consulted.

Figure 1
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Microns; Beta200 (99.5% Efficient at the Rated Size and Greater)

Example

Consider a large hydraulic excavator operating in a quarry. The hydraulic includes
spare pressure compensated piston pumps and very large lift cylinders.

Operating Pressure & Duty Cycle (Table A)

The system operates at 245 bar with extremes of
both flow and pressure fluctuations in a cycle that is
repeated approximately four times every minute. For
this reason it is considered to be
Heavy Weighting = 4
Environment (Table B)

The environment in which this machine is working
can, in dry weather, be very dirty. As a result,
ingression is likely to be high.
Poor Weighting = 2
Component Sensitivity (Table C)

Although the majority of the components are
considered to be of average sensitivity, the pumps are;
Above Average Weighting = 4

Life Expectancy (Table D)

The annual usage is about 2000 hours & component
life is expected to be about 4 years hence 8000
hours and a weighting of;

5,000-10,000 Hours Weighting = 2

Economic Liabilities (Components) (Table E)
Components such as lift cylinders & variable piston
pumps are quite expensive for the end user to
purchase.

Component costs are high, hence;
High Weighting = 3
Economic liabilities (Operational) (Table F)

Economic liabilities caused by downtime vary
depending upon the specific quarry situation, but the
high capital cost of the system puts it in HIGH category.
High Weighting = 3

Safety Liabilities (Table G)

No additional weighting to take account of safety is
required
Low Weighting = 0
Total Weighting

(Sum of individual Weightings) = 18

The weighting selected is in the range of 4 to 13
microns. The media selected should have a
minimum Beta Ratio Beta13 = 200 (99.5% efficient)

38

Filtration Fact

There is no direct correlation
between using a specific
media and attaining a specific
ISO cleanliness classification.
Numerous other variables
should be considered, such
as particulate ingression,
actual flow through filters,
and filter locations.
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SEniRans NAS 1638 CLEANLINESS CLASSIFICATION CODES (per ml.)

(Microns) | 0o | o 1 2|3|4 5‘6 7 | 8 9\10\11\12
2tob 7.75 | 15.50 31 62 124 248 496 992 1984 | 3968 | 7936 | 15872 | 32302 63488
5to 15 1.25 | 2.50 5 10 20 40 80 160 320 640 | 1280 | 2560 | 5120 |10240
15t0 25 022 | 0.44 | 0.89 | 1.78 | 3.56 7£ 14.25'28.50 Sif 114 228 | 456 ' 912 _1824
25to 50 0.04 | 008 | 0.16 | 0.32 | 063 | 1.26 | 253 | 5.06 | 10.12 | 20.25 | 40.50 81 162 324
50 to 100 0.01 0.02 0.03 70.06 . 0.11 0.22 0.45 . 0.90 1.80 | 3.60 7.20 | 14.40 . 28.80 A 57.60
>100 0.00 | 0.00 | 0.01 0.01 002 | 004 | 008 | 0.16 | 0.32 | 064 | 1.28 | 256 | 512 | 10.24

Oyd 031wl coguxe s o Voo jo Ol S Slaws NAS sus
6—14 um
14 — 21 um
21 —38 um
38 -70 um
> 70 um

30



» 3 RASHEN

h

Hydraulic Nopak

ISO 4406:1999 o ,luilew! b y2o

90 .08 o pinled BSOS 3l e due dw b g0 Wiyguo as |y €9y (SOgT Laslis o luitiw! (y)
:&O)ig.o S A.O..Jo ugjﬁ».o oS> 3 0090 dw O S d.oL‘> «_:|)~> 3f| O)‘ASL’J.M‘

095w ¥ 5l 55 55 ol yd )
0950 & 31 355 55 s =¥
09550 VF 51 55 55 &l -

9 00 (o 3lo (p€9; i (o Vov 30 392 g0 Olyd Sluad culs it e 03l 51 S B 5O e
P2 a5 Wbl o Wl due dw Jrols 00,5zl sl ool alyl Jaus 3l ol 4 Jbloe suse
Gld b blie sl sue by (Solw jslibo a4 el 0usS (0 210 1) (ool pordo S

20,5 oo asl)l ous 90 S 4y gl (gl Las i g 00,8 Bi> (19,50 ¥ 51 55,5

31



» 3 RASHEN

L Hydraulic Nopak

ISO 4406:1999 o ,luilew! b y2o

Structure of ISO-Code max. amount of dirt particles
ISO Code: 22/18/13 in 100 ml > given size

ISO 4406: 1999 (E) - ISO Contamination Code Chart cont...

Number of Particles per 100 ml Scale More Than Up To and Including
Number

Scale More Than Up To and Including

Number 14 8,000 16,000
28 130,000,000 250,000,000 4,000 8,000
27 64,000,000 130,000,000 2,000 4,000
26 32,000,000 64,000,000 1,000 2,000
25 16,000,000 32,000,000 500 1,000
24 8,000,000 16,000,000
23 4,000,000 8,000,000
22 2,000,000 4,000,000
21 1,000,000 2,000,000
20 500,000 1,000,000
19 250,000 500,000
18 130,000 250,000
17 64,000 130,000
16 32,000 64,000
15 16,000 32,000

250 500
130 250

S = N W A O O N & O
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How do we measure fluid contamination?

250,000,000
130,000,000

64,000,000

Structure of ISO-Code: 16 0ana
gmount of dirt particles ;Zgg:ggg_ ot -
in a 100 ml sample 1,000,000 |—F
larger than these specified sizes: 250,000
4um / 6pm / 14pm 64,000

32,000

D NN SIS TS ST T IS
0 |O|=|m|w| & || o]~

Q0| Y

Y Y Yy e LS

Bl M~

16,000

Example: 4000
2,000

larger than 4um = 2,234,000 —— =
o
64
32
16
8

‘I-.J J‘

-y
p—ry

3|

4
2
1

ISO Code = 22/ / 0'5.[>4pm| >6pm >14pm '
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Structure of ISO-Code:

amount of dirt particles

in a 100 ml sample

larger than these specified sizes:
4um / 6pm / 14pm

Example:
larger than 4um = 2,234,000
larger than 6um = 195,000 ——

ISOCode= 22/ 18 /

How do we measure fluid contamination?

250,000,000
130,000,000
64,000,000
32,000,000
16,000,000
8,000,000
4,000,000
2,000,000
1,000,000
500,000
250,000
130,000
64,000
32,000
18,000
8,000

4,000

2,000

1,000
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Structure of ISO-Code:

amount of dirt particles

in a 100 ml sample

larger than these specified sizes:
4um / 6pm / 14um

Example:
larger than 4um = 2,234,000
larger than 6um = 195,000

ISO Code= 22/ 18 / 13

larger than 14um = 4,250 ——

How do we measure fluid contamination?

250,000,000
130,000,000
64,000,000
32,000,000
16,000,000
8,000,000
4,000,000
2,000,000
1,000,000
500,000
250,000
130,000
64,000
32,000
186,000
8,000
4,000
2,000
1,000

500

250

130

64

32

16

8

4

2

1

05
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Structure of ISO-Code:
amount of dirt particles

in a 100 ml sample

larger than these specified sizes:
4um / 6pm / 14pm

Example:

larger than 4um = 2,234,000
larger than 6um = 195,000
larger than 14pm = 4,250

4pm / 6pm / 14pm
ISOCode= 22/ 18 / 13

250,000,000
130,000,000
64,000,000
32,000,000
16,000,000
8,000,000
4,000,000
2,000,000
1,000,000
500,000
250,000
130,000
64,000
32,000
16,000
8,000
4,000
2,000
1,000

500

250

130

64

32

16

8

4

2

1

05

How do we measure fluid contamination?

erd LSS
(=]

—
Lo ]

—y -y
~

(=)

|
NI

-t
)

-
n

gy
-

ol-eliolo o=l

>4 ym

>6 pym

>14 ym
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Cleanliness Level Correlation Table

Code to Particles per Millilitre (ISO11171 um [c]) NAS 1638 |Disavowed SAE| SAE AS 4059
1S04406: 1999 | >4 Microns | >6 Microns | >14 Microns f1964) level (1963)
23/21/18 80,000 20,000 2,500 12 —
22/20/17 40,000 10,000 1,300 11 A12/B12/C11
21/19/16 20,000 5,000 640 10 A11/B11/C10
20/18/15 10,000 2,500 320 9 6 A10/B10/C9
19/17/14 5,000 1,300 160 8 5 A9 /B9/C8
18/16/13 2,500 640 80 7 4 A8/B8/C7
17/15/12 1,300 320 40 6 3 A7 /B7/CB
16/14/11 640 160 20 5 2 A6 /B6/C5
15/13/10 320 80 ' 10 4 1 A5/ B5 / G4
14/12/09 160 40 ' 5 3 0 A4/B4/C3
13/11/08 80 20 2.50 2 A3/B3/C2
12/10/07 40 10 1.30 1 A2 /B2 /CH
11/09/06 20 5 0.64 0 Al1/B1/C0
10/08/05 10 2.50 0.32 00 AQ / BO / C0O00
Note

Due to the differences in the way in which each of these methods are designed, it is not possible to offer a precise,
direct comparison. The correlation table above offers comparisons that are accurate within accepted limits
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Actual photomicrograph of particulate contamination
(Magnified 100x Scale: 1 division = 20 microns)
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Portable particle counter
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FLUID ANALYSIS REPORT

SAMPLE CODE: 1034 DATE: 06-01-94 PARTEST Fluid Analysis Service

XYZ Corporation Parker Hannifin Corporation

12345 Middleton Rd. 16810 Fulton County Road #2

Metamora, OH 43540

ATEAIEEE Dl ST Tele:(419)644-4311

Attn: Fax:(419)644-6205
SAMPLE DATA

COMPANY NAME: XYZ Corporation SAMPLE DATE: 06-01-94

SYSTEM TYPE: Hydraulic System HOURS (on oil/unit): 100/ 100

EQUIPMENT TYPE: LOADER SYSTEM VOLUME: 20 L

MACHINE ID: x1111 FLUID TYPE:

FILTER ID: CITGO AW 46

ANALYSIS PERFORMED: AL-BSTV4 (W)

AUTOMATIC PARTICLE COUNT SUMMARY | | frreE
- WATER
Size Counts per ml. Cleanliness PRESENT
Code
> 2 pm 353242.0
> 5 pm 34434.0 D YES
> 10 pm 2342.0 26/22/14
> 15 pm 154.0
> 25 pm 17.0 m NO
> 50 pm 1.0
PHOTO ANALYSIS
Mag.: 100x Vol.: 20 mi Scale: 1 div=20 ym
= .
E s -’ .
«2 l -
i 5 X

i

; ﬁﬂ,-ﬁﬂ

i; ﬂlﬂinl H”-uHII'W

1='1.: I* .

REMARKS

W A RNING
1. The recommended CLEANLINESS Code is not met.

Clean-up maintenance may be warrant.
2. Dotted graph line indicates recommended ISO Code level.
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Contact Us

No.16, 17(Kaveh) St, Chahardangeh Industrial Estate,
Avyatollah Saeedi (Saveh Roadway), Tehran, Iran.

P.O Box: 33191-55858

Tel +98 21 55 €A €T

Fax +98 21 55 ¢ALY)

www.rashennopak.com

info@rashennopak.com

Work rhythmically, efficiently, without lagging!



http://www.rashennopak.
mailto:info@irussia.ir



