
18 
DETERIORATION AND 
MAINTENANCE 

Reliability surveys reveal the majority of service problems are due to 
contamination, either in the form of particles promoting wear and 
blocking narrow clearances, or alien oil types (e.g. detergent engine 
oils) resulting in foaming and emulsion formation. A frequent source 
of particulate contamination is corrosion, induced by accumulation of 
excessive moisture in the system. Approximately 8&90% of all faults 
in hydraulic systems, abnormal wear, valve malfunctioning, etc., may 
be ascribed to particulate contamination and inadequate filtration of 
the hydraulic fluid (Table 18.1). 

Finely divided contaminants also adversely affect demulsibility and 
air release properties of the fluid, and may catalyse the oxidation 
process. Conversely, only minimal wear and insignificant service 
problems are registered in hydraulic systems operating with a correct 
fluid type at high cleanliness levels. Cleanliness is therefore of prime 
importance and is achieved by thorough flushing of new systems, 
charging with microfiltered (5 pm) fluid, and use of suitable filters 
during operation. 

In critical systems particle counts should be considered, these 
providing a useful guide as to whether the filtration level selected 
for the system is satisfactory for operational reliability and durability 
of system components. Figure 18.1 indicates the reationship between 
cleanliness level and operational pressure to achieve acceptable com- 
ponent life. Regular particle counts will reveal whether the filters are 
functioning satisfactorily, the ingress of extraneous contaminants, 
whether mechanical contamination is increasing, and provide early 
warning of potential service problems. Particle counts may be supple- 
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Fig. 18.1 Suggested cleanliness ratings for acceptable component life (assum- 
ing operation within recommended viscosity range). 

mented by spectral analyses identifying the exact types of wear metal 
present (iron, copper, lead, nickel, etc.), and/or ferrography providing 
additional information on the origin of the particles. 

Oil level, service temperature and filters should be checked at 
regular intervals. It is also important to drain possible separated 
water and sedimented contaminants from a drainage point located 
at the lowest point of the oil tank. ‘Breathing’ by the fluid reservoir 
may, over a period of time, result in the accumulation of considerable 
amounts of condensation water, especially in systems operating at 
moderate service temperatures and/or in humid environments. 

Water in a hydraulic oil increases the danger of corrosion and wear 
in valves and the hydraulic pump. In outdoor units, the viscosity 
increase due to emulsified water can be very significant when attempt- 
ing to start the system at low ambient temperatures, and valves may be 
inoperative on account of ice formation. 

A mineral oil-based hydraulic fluid will normally exhibit a cloudy 
(milky) appearance when the content of dispersed water exceeds 0.05% 
(500 ppm), and in most industrial systems this should not be allowed to 
rise above 0.1&0.15% . The principal exceptions are various robust, 
low pressure units (operating pressures 53.5 MPa) without sensitive 
components, in which a water content of 0.25-0.40% may be acceptable. 
At the other extreme are certain critical high pressure systems for 
which manufacturers specify moisture limits of 200 ppm or less. 
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When the water content of a hydraulic oil exceeds the recommended 
value, the oil should be replaced by a fresh charge, although in the 
case of large oil volumes it may be economic to gain a temporary 
respite by centrifuging or settling the oil. Another possible alterna- 
tive treatment to  remove relatively small volumes of water is the use of 
water absorbing filter elements, now available from a number of 
suppliers. 

The oil will also be subject to a continuous chemical degradation, 
principally oxidation, though apart from a certain darkening in col- 
our, the oil's properties will hardly be affected during the initial 
period of use. Later, the rate of oxidation will accelerate, resulting 
in higher acidity, increased viscosity, decreased water separation and 
a tendency to form resinous deposits. On account of this latter 
lacquering tendency, it is unwise to delay too long in replacing an 
oxidized oil, particularly in a hydraulic system incorporating sensitive 
servo-valves. 

At operational temperatures up to 70°C, the oxidative life of a 
mineral oil-based hydraulic fluid of reasonable quality will normally 
be several thousand hours of service. At higher temperatures the oil 
life may be appreciably shorter as the rate of oxidation increases 
exponentially with rising temperature (see Chapter 9). 

Electrical heating elements, sometimes incorporated to facilitate 
easy circulation during the initial start-up period, are best avoided 
as they are frequently over-dimensioned and cause local overheating 
with thermal degradation of the fluid. When used, the maximum 
recommended power density is 0.8 W/cm2 surface area. 

The degree of oxidation, Le. the level of chemical deterioration, may 
be measured by means of several parameters, for example an  acidity 
determination (TAN). The increase in acidity with time is, however, 
closely related to the composition of the oil, and it is not possible to 
prescribe any general limiting value. As is shown in Fig. 9.6 (see 
Chapter 9), oils containing metal dithiophosphate additives are char- 
acterized by a relatively high initial acidity. This acidity stems from 
the amphoteric nature of the additive and decreases during the initial 
period of service, subsequently rising as the oil oxidizes. In contrast, 
oils inhibited with phenolic antioxidants display a relatively low and 
stable acid value over a long period of service, until the induction 
period is passed. Interpretation of acidity levels should therefore be 
left to the oil supplier unless the composition of the product is known 
or sufficient experience has been gained with the oil quality in ques- 
tion. 

Polymer-containing hydraulic oils of particularly high viscosity 
index become progressively less viscous during use due to mechan- 
ical degradation of the polymeric viscosity index improver under high 
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Fig. 18.2 Cumulative loss of hydraulic fluid by leakages. 

shear stresses. A common recommendation is to consider replacing 
the oil charge when the viscosity loss is equivalent to 10-15% of the 
oil’s measured viscosity when new (not the nominal IS0 VG mean 
value). 

Correctly formulated mineral oil-based hydraulic oils are unharmed 
by frost, but should preferably be stored under dry conditions, or in 
any event under cover when stored outdoors. In general, and always in 
the event of uncovered outdoor storage, the oil drums should lie on 
their sides with the tapping plugs at ‘03:15 hours’, and on some form of 
support so as to avoid direct contact with the ground. The reason for 
this is to avoid rainwater and other contaminants accumulating on top 
of the drums, and being gradually drawn in via the tapping plug 
threads as the drums ‘breathe’ with temperature variations. 

Even apparently insignificant leakages can result in surprisingly 
large losses of hydraulic fluid over a period of time (Fig. 18.2). Lea- 
kages not only represent financial loss, but also poorer working 
conditions and safety hazards in the form of slippery floors and fire 
risk. 

18.1 Flushing 
Flushing may often be required when the system is new or during 
subsequent service, particularly after repairs, if significant contami- 
nation has ocurred. Large systems assembled on site frequently incor- 
porate components treated with temporary corrosion protectives. 
Unless such materials are removed prior to filling the system with a 
clean hydraulic fluid, they will gradually dissolve in the working fluid 
and may detract from its performance in several respects, e.g. by 
promoting emulsification. 

If flushing is required, it is preferable to utilize the grade to be used 
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in service or a lower viscosity grade of similar composition. Critical 
components (valves, hydraulic pumps and motors) should preferably 
be isolated or by-passed during the flushing operation to avoid harm- 
ful accumulations of particulate contaminants, thus defeating the 
purpose of the treatment. A minimum charge of flushing oil should 
suffice, this being circulated through the system and adequately 
dimensioned supplementary filter(s) by a suitable external pump. 
Filters should be checked periodically and flushing continued until 
particle counts on the fluid returning to the filters decrease to a 
satisfactory level. 

The temperature of circulation should preferably be around 40°C; if 
necessary the flushing medium should be heated, but local overheat- 
ing must be avoided. If electrical heaters are used they should be of 
liberal surface area. As a guideline, trials with a typical unit revealed 
a surface temperature rise of 40°C with a power density ~0.8 W/cm2, 
and 60°C using -1.6 W/cm2. When a high pressure pump is available 
for the purpose, the temperature of the flushing medium may be 
conveniently raised by passing it through some form of choke, e.g. a 
pressure relief valve or a length of narrow bore piping immersed in 
the fluid reservoir. 


