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The primary purpose of fluid in a hydraulic system is the 

efficient transfer of force (torque) and motion to the vari-

ous actuators in the system.  As important however is the 

lubricating film it imparts to the system’s components, a 

film which needs to be maintained at all times to ensure 

the desired life of these components.  A properly selected 

fluid will have the characteristics to provide this film over 

the wide range of environmental conditions seen in Snow 

& Ice vehicles, namely large temperature variations with 

its associated viscosity changes.  Assuming the fluid can 

meet these requirements the next greatest influencer of 

proper lubrication is the presence of fluid contaminants.  

These can be categorized as 1. Solid particles (abrasion 

and dirt); 2. Liquid contamination (usually water, free and 

in solution) and 3. Gaseous contamination (air).  This pa-

per focuses on particulate contamination; liquid and gase-

ous contamination is addressed separately.  

Component tolerances (from CETOP RP 92 H)        

Hydraulic components are precisely manufactured with 

specific tolerances to allow the lubricating film to be main-

tained while ensuring the “leakage” which creates the film 

is kept to an absolute minimum so that the overall system 

efficiency is as high as possible.  These tolerances vary 

based on the function and amount of sealing overlap of 

the mating parts, parts which are designed never to come 

into mechanical—typically metal to metal—contact.  

Some component examples follow: 

 

 

 

 

 

 

 

 

 

 

The Effects of Contamination                                  

Contaminant particles that bridge the dynamic clearance 

in components, typically between 2 and 20 µm in size, 

can abrade the metal surface. Over time this will lead to 

increased leakage and could result in film breakdown.    

Larger particles will break down into smaller particles that 

end up matching the component’s critical tolerances.  

Smaller particles will collect and cause what is known as 

“silting” on components which, when sitting in stand-by 

mode, can lead to sticking of low force control spools. 

Fluid contamination is the number one cause for failures 

of hydraulic systems, accounting for 80 percent of these 

failures, which can be classified as either degradative or 

catastrophic.  The former is characterized by constantly 

increasing leakage over components due to a high level 

of fluid contamination which leads to sluggish perfor-

mance.  The latter is the immediate failure of a compo-

nent.  This may be caused by a large contaminant; it cer-

tainly can generate a very high level of contamination 

which is then dispersed quickly throughout the system. 

The Drive & Control Company 

Directional Valve Spool      

J1: 5-20 micron 

J1 

Axial Piston Pump               

J1: 5 to 40 micron                    

J2: 0.5 to 1 micron               

J3: 20 to 40 micron              

J4: 1 to 25 micron 

External Gear Pump               

J1: 0.5 to 5 micron                    

J2: 0.5 to 5 micron 
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Sources of Particulate Contamination          

New hydraulic fluids can have a higher level of contami-

nation than is acceptable for high performance hydraulic 

systems; it should be therefore filtered before being add-

ed.  During operation, dirt may enter into the system from 

the air or via cylinder piston rods. Internally, particles are 

mainly produced by the abrasion and erosion of metal 

components and seals. Chemically generated substanc-

es, such as oil aging products, oxidation residues and 

substances insoluble in oil due to the mixing of oils, are 

additional contamination sources.  

Contaminant Particle Sizes                                      

Contamination particles in hydraulic fluids are classified 

by their size in micron (thousandth of a millimeter, μm). 

The human eye can only see objects larger than 40 μm; 

particles which are dangerous to hydraulic systems how-

ever are less than 1/2 this size and can therefore not be 

detected by visual inspection. Accurate contaminant de-

termination requires the use of particle counters or by 

having oil samples analyzed by a qualified lab. 

Fluid Cleanliness Level Classification                      

ISO 4406 is the current standard used to express the 

cleanliness of hydraulic fluids.  It counts all particles equal 

to or larger than the given reference size found in an 100 

ml sample of fluid and expresses the result using a series 

of three code numbers allocated particle incidence of the 

three reference sizes of 4, 6 and 14 μm(c) (micron) in the 

sample.  A fluid sample which was found to have:  

 190,000 particles ≥ 4 μm(c)/100 ml      

 58,600 particles ≥ 6 μm(c)/100 ml                  

 1,525 particles ≥ 14 μm(c)/100 ml 

would have an ISO code of 18/16/11.                           

ISO 4406 counts particles accumulatively, i.e. all particles 

that are larger than or equal to 4 μm. An earlier standard, 

NAS 1638, counted the particles in differential size clas-

ses, i.e. all particles within the range of 5 – 15 μm, 15 – 

25 μm, etc. NAS 1638 was superseded in 2001 by SAE 

AS 4059, a national standard intended for the US aviation 

industry only. Specifying contamination in accordance 

with ISO 4406 is most common in the hydraulics field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hydraulic Filters                                                          

Filters clean operating liquids by retaining particles of a 

defined size in the filter material, thereby guaranteeing 

proper function and a long life cycle of the hydraulic sys-

tem. Hydraulic filters usually have the fluid flow from the 

outside of the element to the inside for reasons of ease of 

construction, compact size and therefore cost. One com-

mon filter media is known as surface type, which uses 

mesh made of precisely woven strands which define the 

opening size.  This media is limited to sizes greater than 

~ 70 micron; for the filtration of smaller particle sizes re-

quired in hydraulic systems a depth type filter media is 

required.  This  is made of 

a mat of fibres bonded 

together to form a maze 

which captures particles of 

various sizes.  Since the 

pore size cannot be de-

fined with this process the 

filter rating is different.  

The advantages of this 

media are the greater dirt 

holding capacity than sur-

face media and ability to 

withstand a higher pres-

sure drop than surface 

media because of the me-

chanical design. 
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Filter Ratings                                                             

There are a number of ob-

jective criteria used to rate 

hydraulic filters.  The beta 

ratio is a measure of the 

filters’ efficiency in captur-

ing contaminants; the al-

pha rating, a measure of 

the filter element’s dirt 

holding capacity; and the 

allowable pressure differ-

ential, an expression of the 

element’s mechanical 

strength.  The pressure 

rating of the filter housing also needs to be considered 

when placing the device in the system.  

The beta ratio ßx indicates how many particles of a given 

size x are captured by the element as fluid passes 

through.  This is measured in a laboratory using the inter-

national standard test procedure ISO 4572.  

Where the reference particle 

size is 10 μm a typical sam-

ple can look like this:                 

The actual filter efficiency ƞ is calculated 

as follows:                                                     

Our ß10 example of 100 results 

in a filter efficiency of 99%:  

The table which follows 

shows the relationship be-

tween the beta ratio number 

and the element’s dirt holding 

efficiency.  Even though 

depth type media does not 

have a defined pore size, in-

dustry standard accepts that elements with a ß ratio 

equal to or greater than 75 are considered “absolute”. 

A filter element’s actual dirt holding capacity, the alpha 

number, is measured in grams of a standard test dust.  

Flow rates vary in hydraulic systems relative to inlet flow 

as well as actuator sizes and their respective speeds.  

Filters need to be sized to accommodate the maximum 

flow with an acceptable pressure drop to not compromise 

system efficiency.  Mechanically filter elements need to 

be able to withstand pressure drop changes caused by 

fluid temperature i.e. viscosity changes, as well as those 

caused by flow surges.  Many filters incorporate bypass 

valves to deal with surges.  When these are open howev-

er fluid passes through the housing without being filtered. 

Filter Types and their Location                                 

Suction filters, usually strainers, are installed between the 

reservoir and pump inlet under the assumption that the 

reservoir is contaminated.  The relatively low fluid velocity  

found here offers good filtering efficiency.  Experience 

shows however that they are rarely maintained, with the 

result that a clogged filter here contributes to pump cavi-

tation and ensuing premature failure. 

Pressure filters are more expensive than other types due 

to the housing cost (higher pressure rating) and the filter 

element (higher collapse pressure rating required).  They 

are however strongly recommended for Snow & Ice Con-

trol Vehicle hydraulic systems.  The higher rating allows a 

suitably fine filter rate to be used.  The higher collapse 

pressure assures maximum contaminant retention.  While 

certainly rare, a catastrophic pump failure can result in 

debris being distributed throughout the control valves and 

therewith all actuators, which would require complete dis-

mantling of the whole system to ensure the required 

cleanliness before re-start.  In addition to the insurance 

value however, the efficiency of this type contributes sig-

nificantly to total system cleanliness in normal conditions. 

Return line filtration ensures that only clean oil returns to 

the reservoir for the pump.  There is sufficient pressure to 

move the fluid over a fine filter element.  This pressure is 

low enough however to not require a costly higher pres-

sure housing.  Return oil flow velocities are lower than 

those in pressure lines, so contaminants in the element 

media remain relatively undisturbed.  The housing can be 

constructed to allow new fluid to be added to the reservoir 

through this highly efficient filter. 

Filter element monitoring                                             

As filter elements do their job by removing contaminants 

from the system fluid, the pressure drop over them in-

creases somewhat due to the increased resistance to 

fluid flow.  This change in pressure drop indicates filter 

element capacity.  It can be effectively monitored by inex-

pensive devices, either simple barometric indicators for 

return line filters or differential indicators for pressure fil-

ters.  These can be visual or electrical, or both. 
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Compu-Spread Hydraulic System Filtration 

Hydraulic fluid 

Rexroth hydraulic systems for Snow & Ice Control Vehicles are designed to 

run with mineral oil based fluids with characteristics identified in our data 

sheet RE 90220.  Please contact us when considering the use of other fluids. 

Operating viscosity range 

For optimum efficiency and service life the operating viscosity (at operating 

temperature) be in the range of: 

vopt = opt. operating viscosity 80 - 170 SUS (16 ... 36 mm2/s) 

Limits of viscosity range 

For critical operating conditions the following values apply:                         

vmin = 60 SUS (10 mm2/s) - short-term (t ≤ 1 min), at max permissible case 

drain temperature of 239 °F (115 °C). 

The maximum case drain temperature of 239 °F (115 °C) may not be ex-

ceeded in localized areas e.g. the bearing area). The fluid temperature here 

can be 7 °F (5 °C) higher than the average case drain temperature. 

vmax= 7500 SUS (1600 mm2/s), short-term (t ≤ 1 min) on cold start (p ≤ 435 

psi (30 bar), n ≤ 1000 rpm, tmin -13 °F (-25 °C))  

Depending on the installation situation, special measures are necessary at 

temperatures between -40 °F (-40°C) and -13 °F (-25°C). Please contact us. 

Hydraulic fluid cleanliness 

A fluid cleanliness level of at least 20/18/15 (to ISO 4406-C) must be main-

tained. At very high hydraulic fluid temperatures (195 °F (90 °C) to maximum 

239 °F (115 °C)), a cleanliness level of at least 19/17/14 is necessary. 

Pressure at suction port S (inlet) & case drain pressure 

Please refer to the applicable Rexroth pump data sheet for details.                                 

The following table lists the Rexroth filter components primarily used and recommended for Snow & Ice Control applications by Compu-Spread. 

Other Snow & Ice Control Vehicle Hydraulic System operating considerations 
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Filter short code / 

Rexroth data sheet # 

Description Nominal flow (viscosity 

143 SUS—30 mm2/sec) 

Filter rating to ISO 

16889; βx(c) ≥ 200) 

maximum filter    

element Δp 

Fluid Port Size 

FEF 1 H10XL                

Rx 51413 

Air breather/filter, tank mount N/A 10 micron absolute N/A N/A 

10TEN0100              

Rx 51424 

Return line filter, tank mount, 

150 psi (10 bar) housing 

24 US gpm (90 l/min)      

@ 15 psi (1 bar) Δp 

10 micron absolute 51 psi (3.5 bar) due 

to bypass 

#16 SAE “O” Boss 

10TEN0250              

Rx 51424 

Return line filter, tank mount, 

150 psi (10 bar) housing 

75 US gpm (285 l/min)      

@ 15 psi (1 bar) Δp 

10 micron absolute 51 psi (3.5 bar) due 

to bypass 

#24 SAE “O” Boss, 

secondary port #20 

245LEN0160            

Rx 51421 

Pressure filter, line mount, 

3,500 psi (245 bar) housing 

74 US gpm (281 l/min)      

@ 22 psi (1.5 bar) Δp 

10 micron absolute 435 psi (30 bar) #24 SAE “O” Boss                            

245LEN0250            

Rx 51421 

Pressure filter, line mount, 

3,500 psi (245 bar) housing 

87 US gpm (330 l/min)      

@ 22 psi (1.5 bar) Δp 

10 micron absolute 435 psi (30 bar) #24 SAE “O” Boss                            

350LEN0160            

Rx 51421 

Pressure filter, line mount, 

5,000 psi (350 bar) housing 

52 US gpm (198 l/min)      

@ 15 psi (1 bar) Δp 

10 micron absolute 435 psi (30 bar) #24 SAE “O” Boss                            

350LEN0250            

Rx 51421 

Pressure filter, line mount, 

5,000 psi (350 bar) housing 

67 US gpm (252 l/min)      

@ 15 psi (1 bar) Δp 

10 micron absolute 435 psi (30 bar) #24 SAE “O” Boss                            

Return line filter 10TEN0250 

with pop-up and gauge style 

clogging indicator 

Line-mounted pressure 

filter 245LEN with electrical 

clogging indicator 

Filter element clogging 

indicators, mechanical pop-

up and electrical styles 

Air breather/filter with fluid 

filling strainer 


