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ABSTRACT

The reliability of hydrostatic installations depends on the low level of impurities
in an environment with pressure at an allowable value, which avoids an accentuated
wear of the individual elements of the installations. Hydraulic filters are elements
that have a role in protecting the hydrostatic installations from the particles that are
found in the hydraulic oil. The paper aims to present some of the elements
underlying the construction of hydraulic environment filtration equipment, certain
conditions that are imposed on them, as well as the main problems related to the
calculation and sizing of filters.
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1. INTRODUCTION - to present the possibility to control the operation
of the filters;
The good functioning of the hydraulic systems, but - to ensure the protection of the installation in case

also the maintenance of the initial performances, of clogging of the filter element.

depends to a large extent on the degree of purity of the T ——

hydraulic fluid.Impurities cause, by their nature, the

erosion of the elements in contact, the gripping of the - -

moving elements, the clc_>gg|ng of the .orlflces, as well P~ (line . mg-'rh o .

as the chemical degradation of the engine agent[1-3]. s filter pressure
. ; filters

Figure 1 shows severaltypes of filters.
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Fig. 2.Filter configuration [5]

The main elementin the construction of filters is
the filter element, whilethe filtering method consists in
forcing the agent to pass through it.

The classification of filters is shown in Figure 3.

Absorption filter

Pmax=420 bar
Fig. 1.Types of filters [4] ~— Pressure filter Qmax:()Sﬂﬂ 1/min
Filtration=1, 5, 10, 20 pm
Filtersfound in hydrostatic installations, Figure 2, Filters =
are subject to certain conditions[1]: || Single-double %8::126500 Vemin
- to have the capacity to retain impurities with retumn filter 1 ijiration=10, 20, 25 pm
different dimensions; - Air filter=10, 20, 40 pm
- to present the possibility of fast and periodic - \vE::;Egthir PFlowzmaxA 2.6 m¥/min
cleaning of the filter element; X £ Liquid filter=mesh 0.5 mm|

- to allow easy replacement of the filter element; Fig. 3.The classification of filters [6]
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Impurity classes indicate how many particles of a
certain size are contained in 100 ml of hydraulic fluid.
The determination of the impurity class is done by
counting and classifying the size of the impurity
particles.Starting with a concentration of impurities of
about 10 mg/liter or in a very strong liquid disorder,
the degree of impurity can only be ascertained by
determining the weight of the impurities by
gravimetric analysis [7,8].

In a hydraulic system, the most sensitive
components to impurities are servo valves and
proportional valves. Therefore, they determine the
total impurity classes of the hydraulic oil and the
required filtration fineness.

2. STRUCTURE OF
CLASSES

IMPURITY

ISO 4406:2021 (Hydraulic fluid power-Fluids-
Method for coding the level of contamination by solid
particles)regulates the classification systems of
impurity classes in hydraulic oils.

Figure 4 indicates the particle sizes on the X-axis
and on the Y-axis, the number of particles is written
and they are divided into classes 1-20. The line drawn
on the diagram describes the distribution of particles
in the hydraulic oil. The ascending slope of the line is
determined by the entry of the particle size of 5 um
and 15 um.

By determining the class number for 5 wum particles
and 15 wum particles, the particle distribution line is
described.

For example, for servo valves and proportional
valves, the following oil purity is required: servo valves
(13/10) - red curve; proportional valves (17/14) - blue
curve [7].
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Fig. 4.Purity class structure according to 1SO
4406:2021
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Thus, the individual particle sizes are comprised of
5 domains. For each domain, a maximum particle
quota is indicated for each class, Table 1.

For example, the purity required for oil, according
to the NAS 1638 standard, developed in order to
define the levels of contamination in the aerospace
sector [7], is servo valves: from 4 to 6 (red domain),
respectively proportional valves: from 8 to 9 (blue
domain).

Table 1. Structure of purity classes (NAS 1638)

Maximum number of impurity particles in 100
ml of hydraulic fluid at particle size

Class um
5-11 | 15-25 | 25-50 | 50-100 | >100
00 125 22 4 1 0
0 250 44 8 2 0
1 500 89 16 3 1
2 1000 178 32 6 1
3 2000 356 63 11 2

| |
| |
| |

10 | 256000 | 45600 | 8100 | 1440 | 256
11 512000 | 91200 | 16200 | 2880 | 512
12 |1024000| 182400 | 32400 | 5760 | 1024

A parameter, called the px value, serves as a
standard for restraint speed of impurities (filtration
fineness).In general, the px value always refers to
particles that are larger than the observed X particle
size.

Impurity particles counted before the filter element
of a certain particle size X are divided by the impurity
particles counted after the filter element (same particle
size X at the same differential pressure counted at the
same time point).

The non-dimensional number obtained represents
the value of . The representation of the deposition of
impurity particles through the filter elements is shown
in Figure 5.

&

Filter, 10 um
B.,>100

evacuation feeding

Fig. 5.The representation of the deposition of impurity
particles through the filter elements
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Example of a number of measured particles:
- feeding flow: 10000 particles in 100 ml;
- evacuation flow: 100 particles in 200 ml.

N, feeding flow _ 10000
n 100

B, = =100, (1)

z evacuation flow

3 =100 =99% (also called separation degree).

The indication of the px value indicates the
precipitation behavior (yield) of the filter element. The
advantage is that the domain between 90% and 100%
precipitation degree can be greatly expanded. Once
the pyx value is defined, taking into account the
differential pressure that is formed, it is possible to
compare the indications of filter fineness according to
different filter materials.

Definitions are accepted for the filter fineness [9]:
1. nominal filtration fineness - no usual B values are
established; this means that only part of the filterable
impurities with an optimal filter is removed by
filtration. For px>20 - this corresponds to a
precipitation degree of about 95%;

2. absolute filtration fineness - from a value of 5,>100
or a precipitation degree of 99%, the filtration fineness
is designated as absolute retention speed.

A hydraulic filter elementrepresents a device that
is designed to eliminate contaminants in fluids [10].

In most cases, these contaminants come from:

- recirculation of hydraulic fluid through tanks;
- internal generation of particles in the components of
the hydraulic system, such as pumps and motors.

3. CONSTRUCTIVE ELEMENTS OF
FILTERS

The filter elements are mounted in the housing, the
construction which depends on the nature, size, and
shape of the filter element and the destination of the
filter. Therefore, some of the most used filter elements
are[1]:

a.filter elements with wire mesh (Figure 6) have a
filtration fineness in the range 60+500 um.

It is presented in the form of a cylindrical cartridge
or superimposed rings, made of brass or copper wire,
with a number of 3000-20000per cm?.
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Fig. 6.Filter elementwith wire mesh
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b.filter elements with slats(Figure 7) have a
filtration fineness of 716+250 um.

They consist of the discs (2) and the spacer slats
(3), arranged intercalated on an axis (1). The thickness
of the spacer slats ensures gaps of 61 = 0.005-0.1 mm,
the thickness ¢ of the discs being 0.1+0.2 mm.
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Fig. 7.Filter elements with slats

c.paper filter elementhas a filtering fineness
between 10 and 25 um.

It is presented in the form of overlapping rings or
cylinders made of embossed (folded) paper, thus
increasing the contact surface between the fluid and
the filter element (filter surface);

d.sintered powder filter elementshave a filtration
fineness between 2 and 70 wm, retaining impurities of
any kind, with dimensions of 3+5 wum, in the
proportion of 100%.

It is presented in the form of a glass, cylinder,
Figure 8, or overlapping rings, obtained by pressing in
specific shapes at high pressures (1000+3000 bar) of
bronze, steel, ceramic materials, followed by ripening
(sintering) in the oven.

The size of the pores (1) obtained by sintering
represents 10% of the diameter of the initial powder

granules.

1
Fig. 8.Sintered powder filter element

=

efilter elements with magnets - retain particles
with magnetic properties; permanent magnets
(ceramics) or electromagnets are used.

The magnet (1), Figure 9, is protected from direct
contact with the fluid through the coating (2).
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Fig. 9.Filter element with magnets

g. electrostatic filter elements, Figure 10 - used to
electrify impurity particles (1) in an electrostatic field
created by two electrodes (2), connected at a voltage
of 300+600 V.

The electrodes attract and retain the electrified
impurities, being covered with a ceramic material (3)
in order to avoid their neutralization.
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Fig. 10.Electrostatic filter element

h. centrifugal filter elements- filter by throwing
(centrifuging) the particles of impurities on the wall of
the housing under the action of the centrifugal force
created by rotating the axis with high speed. The
fineness of the filtration depends on the rotational
speed, which can reach a value of 5 um for a speed of
20000 rpm. Such constructions are used to filter
important fluid flows.

The construction of a filter with filter element with
wire mesh is presented in Figure 11.
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Fig. 11.Filter with wire mesh: 1 - lid; 2 - gasket; 3 -
body; 4 - filter element; 5 - sealing gasket.

In the simple version, they have a single mesh and
in the combined version they have several meshes.
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Periodic cleaning of the filter involves the removal
and unclogging of the filter element or its replacement
with a new one.

Usually, in hydraulic installations, magnetic filters,
Figure 12, are used as complementary filters. They
only separate metallic impurities with magnetic
properties. When passing through the filter, the fluid is
forced to flow through the collecting rings (5), so that
the respective impurities are attracted and retained by
the magnetic core (4).

N &%
i

Fig. 12.Magnetic filter: 1 - lid; 2 - fixing rod; 3 -
body; 4 - permanent magnet; 5 - collecting rings; 6 -
protective coating for magnet; 7 - fixing thaler.

4. FILTER INSTALLATION
SOLUTIONS

The installation of filters in hydraulic circuits can be
done in several variants [1]:

a. suction filter or low pressure filter, Figure 13.a;

b. high-pressure filters, Figure 13.b;

c. filter on the exhaust pipe from the engine or return
filter, Figure 13.c;

d. return filter with protection, Figure 13.d;

e. filter on a special secondary circuit, Figure 13.e.

A suction filter or low pressure filter, Figure 13.a,
is usually made of mesh type with a fineness of
100+200 um. It has the role of protecting the pump
and must have a pressure drop 4p as low as possible,
in order to avoid the cavitation phenomenon of the

pump.

Fig. 13.a.Filter installation solutions: suction filter or
low pressure filter [11]

Pressure pipe filter or high pressure filter, Figure
13.b, is usually made of mesh or slats type but
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especially of sintered powders with a filtration
fineness of 2+10 um.

This filter aims to protect precision hydraulic devices
such as speed regulators, servo valves, etc.

{

Fig. 13.b.Filter installation solutions: pressure pipe
filter or high pressure filter [12]

The filter solution on the exhaust pipe from the
engine or return filter, Figure 13.c, is often used as the
position in the circuit and allows them to drop
pressure more than the suction filters. They have the
disadvantage of worsening the energy balance. They
are usually of mesh or paper type, with a fineness of
10+40 pum.

Fig. 13.c.Filter installation solutions: filter on the
exhaust pipe from the engine or return filter [13]

The solution of the return filter with protection,
Figure 13.d, also involves the installation of the filter
on the evacuation pipe from the engine. When the
filter is clogged, the increase in pressure drop could
damage it and can be prevented by opening the bypass
valve(S). As the filter is switched off in this case, the
system remains unprotected from this point of view.

For this, it is recommended to use special devices
to indicate the clogging of the filter element that warns
and indicates the need for intervention in order to
clean or change the filter element.

Fig. 13.d.Filter installation solutions: return filter
with protection [8]

The solution of the filter on a special secondary
circuit,Figure 13.e, involves the installation of a return
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filter (F) on the pump circuit (P2) which permanently
recirculates the liquid from the tank (R) in order to
purify it.

This is the case for complex installations, but the
solution does not eliminate the need for the main
circuit of the pump (P1) to have its own filters.

Fig. 13.e.Filter installation solutions: filter on a
special secondary circuit

5. FILTER SIZING

The calculation of the filters consists in determining
the filtering surface S of the filter element, using the
relation [1]:

Q

$=0,01 .
a-Ap

n[em? ], 2)

where:
- Q is the fluid flow in I/min;
- 1 - dynamic viscosity of the fluid, in 10 N sec / m?.
- a - coefficient of the specific capacity of the fluid to
pass through the filter element, in lI/cm?,
- Ap - pressure drop in the filter, in bar.

The value of the coefficient « depends on the type
of filter element, Table 2.

Table 2. The value of the coefficient « depending on
the type of filter element

Filterelement type o
Cotton a;=0.009
Felt az = 0.015
Wire mesh az = 0.05
Slats with a thickness of 0.05+0.08 mm | o4 =0.08

10

Therefore, four types of filtering surface S of the
filter element will be calculated according to
parameter o

81:0'01a1~QA - em?], 52:0’01%?41 - em?],
Q Q
3320’01%. p~n[cm2], s4=o,01a4. p~n[cm2],

The values for a flow Q necessary for the
operation of a hydrostatic motor will be chosen
arbitrarily and, depending on one of the installation
solutions presented in Figures13.a+13.e, the surface of
the filter element will be calculated.
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Also, the dynamic viscosity of the fluid, #, and the
pressure drop in the filter, Ap, will be chosen arbitrarily,
considering that the parameter # will be between the
limits 2.5+5 daN-s/m?and 4p between 0.5+3 bar.

Therefore, the input data for the calculation of the
filtering surface S are presented in Table 3.a and Table
3.b.The results for data 1+10 and 11+20 corresponding
to Table 3.a and Table 3.b are presented graphically in
Figure 14 and Figure 15.

Table 3.a. The input data for the calculation of the
filtering surface S

No. Q [I/min] | n [daN-s/m?] | Ap [bar]
1 56 2.8 1.3
2 60 4 2.1
3 52 3.2 0.5
4 48 3.6 2
5 50 3.1 1
6 58 2.9 0.7
7 40 3.3 1.4
8 45 3.4 1.6
9 54 3.7 1.7
10 47 3.5 0.6
[em?] Sy [em?] =53 [em2] mS3[cm2]  S4 [com?)

0,0006

0,0002

nl-lr |la 1 Il-l-lt |
1 2 3 4 5 6 7 8 9 10

0,0001

Fig. 14.The results of filtering surfaces calculation, S
for data 1+10corresponding to Table 3.a

Table 3.b. The input data for the calculation of the
filtering surface S

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI

6. CONCLUSIONS

The choice of the material of the filter element is
the basis of the construction of the filtering equipment
of the hydraulic environment and has a specific
influence on the problems related to the calculation
and sizing of the filters.

The paper presents a way of calculating the surface
of the filter element, by arbitrarily choosing the values
for a flow Q necessary for the operation of a
hydrostatic motor. Depending on this parameter, the
flow rate Q, and the permissible pressure drop 4p, a
filter of a certain type will be chosen from the catalog
of manufacturing companies.
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