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Modern high pressure hydraulic equipment incorporating complex 
arrangements of sensitive servo-valves, pumps, etc., makes consider- 
able demands on the cleanliness aspect of hydraulic fluids, and there 
is a growing awareness among maintenance personnel of the signifi- 
cant cost savings attainable by due attention to careful maintenance 
routines and the use of reliable filters. In the exacting field of numeri- 
cally controlled (NC) machine tools, robotics and aerospace applica- 
tions incorporating ultra-fine system filters, it is absolutely vital to 
maintain high cleanliness ratings at all times, in order to ensure 
truble-free operation. 

Although a hydraulic fluid may appear clear and bright, without 
any sign of visible mechanical impurities, it may nevertheless still 
contain excessive amounts of microscopic particles capable of affect- 
ing the accuracy of critical NC machines. The accuracy of these 
machines is dependent upon an extremely clean hydraulic fluid as 
the controlling servo-valves are precision units with very fine clear- 
ances. Any content of hard particles in the fluid could easily damage 
the sharp metering edges of the valves by abrasion or erosion, thus 
resulting in machining inaccuracies. A remarkable degree of erosive 
wear can occur on even hardened and polished surfaces adjacent to 
high velocity fluid streams when mechanical impurities are present. 
Typical examples of this are the damaged servo-valves from fighter 
aircraft, where valve openings are extremely small and critical for the 
necessary accuracy in operation. 

The increased appreciation of potential maintenance savings and 
improved system reliability to be gained by attention to cleanliness 
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aspects, has resulted in increasing demands for cleanliness guaran- 
tees from suppliers of hydraulic fluids. This has, for example, become 
a standard specification requirement in most North Sea offshore 
supply contracts. Nevertheless, it is generally recognized that ultra- 
fine filtration of bulk supplies at the point of manufacture is hardly 
practical as subsequent contamination during transport and handling 
would nullify the effect and the cost would be prohibitive. A far more 
preferable approach is to ensure that production and supply proce- 
dures are such as to ensure an acceptable cleanliness level, monitored 
by regular particle counts, and pre-filter charges via a suitable micro- 
filter directly into critical systems as required. 

The presence of microscopic mechanical impurities in the fluid is 
only one aspect of filterability. Another less obvious, though equally 
troublesome, problem is the tendency of certain additives and additive 
combinations to block fine filters by deposition of gelatinous material 
on the filter surface. Attention was first drawn to this problem in the 
Nordic countries during low temperature operation of forestry 
machinery, the onset of filter blocking being immediately obvious as 
machines were started from cold with relatively viscous oil. Not 
surprisingly, this phenomenon is accentuated by the presence of 
water, and filterability test procedures usually take this factor into 
account. The gelatinous deposits appear to be derived from several 
possible sources, including hydrolysis of zinc additives and metal 
soaps formed by reaction between acidic rust inhibitors and basic 
components, e.g. calcium or zinc compounds. Although many hydrau- 
lic oil formulations include small amounts of calcium additives, filter 
blocking problems in the past have frequently been traced to contam- 
ination of the fluid by highly basic engine oils. On account of the wide 
variety of additive systems in use, blending different fluid types may 
often result in significantly poorer filterability. Other possible disad- 
vantages of blending dissimilar formulations are the risk of increased 
air entrainment, foaming and generally reduced performance due to 
additive interaction. It is therefore recommended to avoid mixing 
different formulations of hydraulic fluids unless the proposed blend 
has previously been screened by laboratory testing. 

12.1 Filterability test procedures 
A number of standardized and ad hoc ‘in-house’ test methods are used 
to investigate the filterability of hydraulic fluids. 

ASTM F52-69 ‘Silting index of fluids for processing electron and 
microelectronic devices’ was developed for the aerospace industry 
and specifies filtration of the test fluid through a 0.8pm membrane 
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filter at a high constant pressure differential. While particles larger 
than 5pm tend to form a loose permeable cake, particles smaller than 
5pm and gelatinous materials tend to  block the porosity of the filter 
and cause a decay in the rate of flow. The flow rate is reported as a 
dimensionless silting index. 

The UK Ministry of Defence specification for OM-33 (Nato H-576) 
hydraulic oils specifies a similar test procedure, using a filter of 5pm 
porosity instead of 0 . 8 ~ .  The silting index of an unused hydraulic 
oil, examined by this procedure, will normally be in the region of 0.2- 
0.8 (the OM-33 limit is 51.0). Any tendency of the oil to form gelati- 
nous deposits when contaminated by moisture or basic additives 
results in a dramatically reduced rate of filtration, yielding extremely 
high silting indices. 

The AHEM procedure involves measuring the time for 300ml of test 
fluid to pass through, or block, a membrane filter of 1.2ym porosity 
and 9.6 cm cross-sectional area. 

The CETOP Filtration Test G6.15.01D, favoured, among others, by 
major consumers in the Nordic countries, resembles the AHEM 
procedure, but is more critical, as 1OOOml of fluid is filtered through 
the 1.2pm membrane. Another difference is the calculation of a filter 
factor (FF) obtained by dividing the volume of oil filtered prior to 
blocking by the area of the filter membrane. The maximum filter factor 
possible is thus 1000/9.8 = 104. Susceptibility of the test formulation to 
contamination by water may be evaluated by repeating the test after 
addition of 1% water to the test fluid. 

Denison T P  02100 is the required filterability test procedure in the 
American Denison HF-0 specification for hydraulic oil with anti-wear 
additives for severe duty. In recognition of the deleterious effect of 
water contamination on the filterability of many oil formulations, this 
manufacturer specifies maximum filtration times for the test fluid 
through a 1.2pm membrane, with and without 2% water. A filtration 
time of 600s is allowed for the fluid itself, and with 2% water the 
filtration time must not exceed 1200s. 


