
16 
TEST METHODS FOR 
HYDRAULIC MEDIA 

The majority of standardized test methods are issued by the following: 

ASTM (American Society for Testing and Materials) 
IP (Institute of Petroleum) 
DIN (Deutsches Institut fur Normung) 
FTM (Federal Test Method) 
SIS (Standardiseringskommissionen i Sverige) 
IS0 (International Organization for Standardization) 
AHEM (Association of Hydraulic Equipment Manufacturers) 

In addition there are many ‘in-house’ procedures developed by pump 
manufacturers, oil companies, etc. 

16.1 Physical-chemical properties 

Kinematic viscosity: ASTM D445, IP 71 Viscosity is a measure of 
a fluid’s internal friction, or resistance to flow when subjected to a 
shearing force. The method determines the kinematic viscosity of the 
fluid by measuring the time for a predetermined volume of the liquid 
to flow under gravity through a calibrated glass capillary viscometer. 
The unit of measurement is the centistoke (cSt) or mm/s, and may be 
converted to dynamic viscosity in centipoise (cP = mPa-s) by multi- 
plying the kinematic viscosity and density of the fluid. As in all 
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viscosity measurements, exact temperature control is of the utmost 
importance to avoid inaccuracies. 

Pour point: ASTM D97, IP 15 The pour point is the lowest tem- 
perature, expressed as a multiple of 3”C, at which the test fluid is 
observed to flow when cooled and examined under prescribed condi- 
tions. As a general rule the pour point should be at least 10°C below 
the lowest temperature at which the fluid is to be used. It is, however, 
important to appreciate that it is the actual viscosity at this tempera- 
ture, and not the pour point itself, that is the real limiting factor for 
low temperature operation. 

Flash point: ASTM D92 or D93 The flash point is the temperature 
to which a fluid must be heated in standard test apparatus to evolve 
sufficient vapour to flash momentarily on application of a small flame. 
The test may be performed either as an ‘open cup’ test (D92), or a 
‘closed’ test (D93). The latter procedure is more sensitive to small 
amounts of volatile constituents and will always yield lower values 
(15-30°C) than the open cup version. 

ASTM D92 describes the determination of the flash point according 
to the Cleveland Open Cup method. 

ASTM D93 describes the Pensky-Martens Closed Cup test proce- 
dure. This is the preferred method when contamination of the hydrau- 
lic fluid by volatile fractions is suspected, but it is also often used for 
convenience on account of the many automatic testers available. 

Neutralization number, acid value or TAN: ASTM D664, 
IP177 This method describes procedures for the determination of 
acidic or basic constituents in petroleum products. The method 
resolves these constituents into groups having weak-acid, strong- 
acid, weak-base or strong-base ionization properties. 

The acidity of unused oils and fluids is normally derived from the 
type and concentration of specific additive materials. This is particu- 
larly relevant to fluids containing metal dithiophosphate additives, 
these products being characterized by a relatively high initial acidity 
(11.5 mg KOH/g). 

The acidity is otherwise of interest as a measure of the degree of 
oxidation of a used fluid, and by monitoring the development of 
acidity over time, it provides an indication of the useful life of the 
fluid. 

In ASTM D664 and IP 177 the oil is dissolved in an ionizing solvent 
and titrated potentiometrically with potassium hydroxide. A sub- 
merged electrode registers changes in the hydrogen ion concentra- 
tion during the titration, thus detecting the exact neutralization 
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point. Acidity may also be determined by colorimetric titration, using 
a colour indicator (ASTM D974 and IP 1). 

Foaming properties: ASTM D892, IP 146 Foaming is usually 
caused by air gaining ingress to the system at faulty seals or leaks 
in the suction line. Unsuitable positioning of fluid return lines in the 
reservoir, the presence of fine particulate contaminants, and low fluid 
levels will also favour the accumulation of foam. The presence of small 
air bubbles significantly reduces the bulk modulus of the fluid and can 
also promote oxidation. 

The test is performed by registering the foaming tendency as air is 
dispersed in the fluid under standardized test conditions, and there- 
after the stability of the foam. The test is carried out in three stages at 
temperatures of 25"C, 1OO"C, and then again at 25°C. 

Air release: IP 313, DIN 51 381 Whilst ASTM D892 examines the 
tendency of a fluid to accumulate surface foam, IP 313 determines its 
ability to separate out entrained air bubbles. A favourable result 
when examined in accordance with IP 313 or DIN 51 381 indicates 
that the fluid is unlikely to sustain circulation of entrained air in the 
system. 

The test procedure involves recording the time in minutes for finely 
dispersed air in the oil to decrease to 0 . 2 % ~  under standardized test 
conditions, normally at a temperature of 50°C. 

Oxidation stability: ASTM D943, ASTM D2272, IP 328 With the 
exception of water, all hydraulic fluids are subject to chemical 
deterioration under the influence of heat and oxygen (air), forming 
various oxidation products. The oxidation reactions are accelerated 
by the presence of catalyst materials, e.g. dissolved copper com- 
pounds, but may be retarded by addition of inhibitor additives 
(antioxidants). 

A wide variety of standardized and 'in-house' test procedures are 
employed to evaluate the stability and expected service life of hydrau- 
lic fluids under oxidative conditions. The majority of these tests are 
based on exposing the test fluid to oxygen or air at relatively high 
temperatures and in the presence of catalyst metals, to increase 
oxidation rates and reduce the testing period. Oxidation stability is 
assessed by quantitative determination of the oxidation products, 
oxygen (air) absorption, viscosity changes, etc., after specified inter- 
vals of time. Several of the most popular test methods were originally 
developed for use with turbine oils, but have since proved suitable also 
for many types of hydraulic fluid. 

Examples of useful standardized test methods are: 
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0 TOST (Turbine Oxidation Stability Test), ASTM D943. 
0 Rotary Bomb Test, ASTM D2272/IP 229. 
0 Oxidation Stability of Turbine Oils during use, IP 328. 

ASTM D943 reacts the oil sample with oxygen in the presence of 
water and a copper-iron catalyst at 95°C. The test continues until the 
measured total acid number (TAN) of the oil reaches 2.0 mg KOH/g or 
above. The number of test hours for the acidity to reach 2.0 mg KOH/g 
is termed the ‘oxidation life’ of the oil. Due to the presence of water 
during the test, misleading results may be obtained when testing 
fluids of poor hydrolytic stability. 

ASTM D2272 oxidizes the oil at 150°C in the presence of water, 
metallic copper catalyst and oxygen at 620 kPa pressure. The time 
elapsing before a pressure drop of 175 kPa is registered, is an indica- 
tion of the oxidation stability. The test procedure is considered useful 
for production control of oils having the same composition and for 
monitoring the remaining oxidation life of oils in service. The above 
remarks concerning fluids deficient in hydrolytic stability also apply 
to this test procedure. 

IP 328 subjects the oil sample to oxidation in an atmosphere of 
oxygen at a temperature of 150”C, but without catalysts. Oxygen 
consumed in the oxidation reactions is replaced by an equivalent 
amount supplied from an electrolytic cell.The time taken for the oil 
to absorb a specified volume of oxygen is recorded and the result is 
expressed as the time in hours for 100 g of oil to absorb 300 ml of 
oxygen. 

Thermal stability: ASTM D2160, ASTM D130, C-M test Thermal 
stability is really the ability of the fluid to resist chemical change 
when subjected to high temperature in the absence of air or oxygen 
(a condition rarely met in practice, air usually being present). Refined 
mineral base oils possess natural thermal stability up to temperatures 
around 320°C, and the thermal stability of mineral hydraulic oils is 
primarily an expression of the additives’ resistance to high tempera- 
ture. The more active dithiophosphate additives are especially prone 
to thermal degradation, and decompose forming insoluble compounds 
(‘sludge’) at high temperatures. 

ASTM D2160 evaluates the thermal stability of the fluid at 260°C 
and 316°C for periods of 6 h in the absence of oxygen and water. Due to 
potential decomposition and generation of high pressure gas at the 
test temperature, this method is not suitable for aqueous base fluids or 
other media generating high pressures. 

At  the conclusion of the test periods the test cells are rated by 
visual inspection for gummy deposits, etc., and the sample analysed 
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for viscosity change and neutralization value. The test differentiates 
the relative stability of hydraulic fluids at elevated temperatures in the 
absence of air and water under the conditions of the test. In use, 
thermally unstable fluids may form acidic contaminants causing cor- 
rosion, deposits and viscosity changes, leading to system malfunc- 
tions. 

ASTM D130 describes a simple procedure for investigating the 
agressiveness of the fluid towards a polished copper strip, at a tem- 
perature and for a time selected for the fluid under test. Typical test 
parameters for non-aqueous fluids are 1-3 hours at 90-150°C. At the 
end of the test period the copper strip is removed, washed and 
compared with the ASTM Copper Strip Corrosion Standards. The 
test clearly differentiates between fluids containing dithiophosphate 
additives of dissimilar structure. 

The most familiar, and perhaps the most important test method for 
determining thermal stability, is the Cincinnati-Milacron Test (pro- 
cedure A). In this method the sample fluid is heated to 135°C for a 
period of 168 h, together with catalyst rods of copper and steel. At the 
conclusion of the test, the precipitated deposits are weighed, and the 
weight losses of the catalyst rods are also recorded. This test proce- 
dure differentiates very critically between fluids liable to promote 
wear or corrosion in components incorporating rubbing surfaces of 
copper alloys against steel, e.g. phosphor-bronze slipper pads in axial 
piston pumps. The more active forms of anti-wear additives, e.g. 
secondary dialkylphosphates, yield extremely poor results in ths 
test. The Cincinnati-Milacron thermal stability test is specified in 
several standards, e.g., in Denison HF-0. 

Hydrolytic stability: ASTM D2619 Certain types of base fluid and 
additives have a tendency to react with water. This results in a 
deterioration of properties, and some of the products formed during 
hydrolysis may attack vulnerable metals. 

For this test a 75 g sample of fluid plus 25 g of water and a copper 
test specimen are sealed in a pressure-type beverage bottle. The bottle 
is rotated end to end, for 48 h in an oven at 93°C. The phases are then 
separated and insolubles are weighed. The weight change of the 
copper specimen is measured; the acidity and viscosity changes of 
the fluid and acidity of the aqueous phase are determined. 

The method differentiates the relative stability of hydraulic fluids in 
the presence of water under the conditions of the test. Hydrolytically 
unstable hydraulic fluids form acidic and insoluble contaminants 
which can cause system malfunctions due to corrosion, valve sticking 
or changes in viscosity of the fluid. This hydrolytic stability test is also 
specified in the Denison HF-0 standard. 
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Rust preventive properties: ASTM D665b, ASTM D 1748 Even 
small amounts of corrosion products can cause catastrophic results in 
a critical high pressure hydraulic system. Corrosion inhibiting addi- 
tives are normally incorporated in hydraulic fluid formulations to 
counteract this eventuality. Various test methods are employed to 
evaluate the corrosion prevention properties of a fluid, including 
several oxidation/corrosion tests in which corrosion and formation 
of surface deposits on metal test strips are assessed under different 
conditions. 

The ability of a hydraulic fluid to prevent rusting in the presence of 
salt water is examined by means of ASTM D665b. Steel test specimens 
are submerged in a mixture of the fluid and synthetic sea water at a 
temperature of 60°C for 24 h. No visible rust is observed with fluids 
passing the test. 

ASTM D1748 may be used to evaluate the rust preventive proper- 
ties of a non-aqueous hydraulic fluid under conditions of high 
humidity, correlating to some extent with the conditions in systems 
contaminated by water, when not in operation. The test is conducted 
by suspending sandblasted and polished steel specimens, dipped in 
the test fluid, in a humidity cabinet at a temperature of 50°C and 
relative humidity of 95-100%. The duration of the test may be varied 
depending on requirements, the test specimens being rated accord- 
ing to the number and size of rust spots developing during the test 
period. 

Elastomer compatibility: IP 278, ASTM D3604 An essential 
requirement for hydraulic fluids is that they should be compatible 
with seal materials and hydraulic flexible hoses. The preferred effect 
of fluids on hydraulic seals is normally considered to be a moderate 
swelling (12%). On account of the considerable variation in compat- 
ibility with different fluid types, it is essential to consider this factor 
when selecting new materials or fluids. 

IP 278 determines the compatibility of mineral hydraulic fluids with 
nitrile rubber seal materials in terms of a Seal Compatibility Index 
(SCI). The internal diameter of a standard O-ring is measured on a 
tapered rod gauge. The ring is then immersed in the oil sample for a 
period of 24 h at a temperature of 100°C. After cooling the ring for a 
specified period the change in internal diameter is again measured on 
the gauge. The Seal Compatibility Index is the percentage volumetric 
swelling, to the nearest whole number, obtained by conversion from 
the diametral swell under the specified test conditions. The method 
can be adapted for use with other elastomers and fluids, and also 
supplemented by examination of mechanical properties, hardening, 
etc., following the immersion test. 
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ASTM D3604 determines the volume change of any selected elasto- 
mer in hydraulic fluids, also under static conditions. In this proce- 
dure, small test strips of the desired elastomer are immersed in the 
fluid sample for 168 h at a temperature of 70°C. The volume change of 
the samples is derived by weighing the sample strips in air and water, 
prior to and after immersion. 

The Swedish standardization committee have issued their own 
standard, SIS 162208: Bestamning av Vatskors Inverkan pd  Gummi, 
involving: 

0 volume change, 
0 weight loss, 
0 change of mechanical properties during immersion, 
0 change of mechanical properties after solvent extraction. 

16.1.12 Water separation: ASTM D1401 Most mineral hydraulic 
oils and synthetic fluids are designed to separate readily from water, 
otherwise water contamination could form stable emulsions, increas- 
ing viscosity and causing a general deterioration of properties. The 
resulting emulsion would display increased tendency to disperse solid 
contaminants, and promote wear, oxidation and corrosion within the 
system. 

ASTM D1401 is a commonly applied test method in which a 40 ml oil 
sample and 40 ml of distilled water are stirred together for 5 min in a 
graduated cylinder at 54°C or 82°C. The time for separation of the 
emulsion thus formed is recorded. When testing synthetic fluids 
whose relative densities are greater than that of water, the procedure 
is unchanged, though the separating water phase will probably float 
on the emulsion or fluid. 

16.1.13 Water content: IP 74, ASTM D95, ASTM D1744 IP 74 and 
the equivalent ASTM D95 are the standard methods for determining 
water contents of 0 .05%~ and above in mineral hydraulic fluids and 
some synthetic fluids. The test procedure involves azeotropic reflux 
distillation of the oil with xylene, with water separating from the 
reflux distillate. 

ASTM D1744 (‘Karl Fischer’) is a more accurate method, suitable 
for water contents between 50 and 1000 ppm. The sample is titrated 
with a standard solution of iodine, pyridine and sulphur dioxide in 
methyl alcohol. The end point of the titration, at which free iodine is 
liberated, may be registered either potentiometrically or by colour 
indicator. 
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16.2 Mechanical testing 

Anti-wear properties: ASTM D2882, IP 281, Vickers 35VQ25A, 
Denison P46 Relevant test methods are the pump tests mentioned 
above, together with a variety of mechanical test rigs designed to 
simulate various conditions of boundary contact in critical compo- 
nents under a range of different operational conditions. 

Table 16.1 lists a number of well-known test rigs and their essential 
design features. 

The major problem with such bench tests is the lack of uniform 
correlation with the lubricating properties of hydraulic fluids in 
actual use. Mechanical rig tests tend to be susceptible to specific 
additive types and good results may, for example, be obtained on 
FZG or IAE gear rigs by selecting active dithiophosphate com- 
pounds. Consequently, the order of merit when rating fluids of dissim- 
ilar additive composition will often vary significantly between the 
different test rigs. The essential criterion when selecting this type 
of test is similarity of contact conditions between the test rig and the 
system components (principally pumps) for which the fluid is 
intended. On account of these considerations, most of the test rigs 
are utilized primarily by experienced technicians during research and 
development projects. A notable exception is the FZG test specified in 
the well-known German national specification DIN 51 524 (parts I1 
and 111) for H-LP and HVLP anti-wear hydraulic oils (Fig. 16.1). 

Table 16.1 Mechanical test rigs for evaluating anti-wear properties of fluids 

Test Method Conditions of contact 

FZG IP 334, DIN 51 354 Spur gears, wheel and 
pinion of steel; loaded 
line contact 

Shell &ball IP 239, ASTM D2266 Steel bearing ball 
rotating against three 
fixed bearing balls 

Timken 

Falex 

Amsler 

IP 240 

IP 241 

Steel ring rotating 
against steel block 

Steel journal rotating 
against two V-shaped 
steel blocks 

‘In-house’ method Steel journal rotating 
against bronze or brass 
test block 
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FZG 
Type  A 

Test parameters Test criteria 
0.3 m / s  90’C Scuffing 

Fig. 16.1 Load-carrying capacity by FZG spur gear test rig (DIN 51 354, IP 
334). 

In the FZG gear rig, used for determining the relative load-carrying 
capacity of hydraulic fluids and lubricants, the most common wear 
forms are scoring and scuffing. The incidence of both these wear 
patterns is dependent on the composition of the test fluid, and they 
are consequently used as criteria of performance. 

The test is carried out with special spur gears immersed in the test 
fluid, running at constant speed for 15 min or 21 700 motor revolutions 
per load stage. At the start of each load stage the fluid temperature is 
controlled, but allowed to rise freely during the individual stages. The 
gear loading is increased for each of the specified load stages, and the 
gears are inspected visually for gear-tooth face damage at the conclu- 
sion of each stage. The test is continued until the ‘damage load stage’ 
is reached, characterized by the onset of deep scoring lines or seizure 
areas on any of the gear teeth. The ‘type A’ test defines 12 load stages, 
the FZG-value of the test fluid being the above-mentioned damage load 
stage. If no damage is registered by the final load stage, the test is 
terminated and the result reported as FZG >12. The ‘type B’ test, not 
relevant for hydraulic fluids, is run at a peripheral speed of 16.6 m/s 
and utilized exclusively for extreme pressure gear lubricants of high 
load-carrying capacity. 

However, it is the behaviour of the hydraulic fluid in practical 
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systems with actual components that is of primary interest. Wear 
testing performed in full-scale systems would be too extensive, time- 
consuming and expensive, with many possible inaccuracies. It was 
therefore natural to select the most critical component from a tribolo- 
gical viewpoint, namely the hydraulic pump, and develop suitable test 
procedures around various types of pump. Many different pump tests 
have emerged through the years, as technological developments pro- 
gressed, and a selection of current interest are reviewed in Table 16.2. 

16.2.2 Shear stability: IP 294, DIN 51 382, ASTM D3945, ASTM 
D2603 Hydraulic fluids intended for use over wide temperature 
ranges normally contain polymer additives to improve the viscosity 
index. When subjected to the high shear forces developed in certain 
parts of the system, e.g. in pressure-control valves and vane pumps, 
the polymeric viscosity index improvers are to a certain extent broken 
down mechanically. This results in a corresponding viscosity reduc- 
tion, and the stability of a fluid against such shear losses is usually 
determined by circulating the fluid through a diesel injector nozzle, in 
accordance with IP 294, DIN 51 382 and ASTM D3945. 

Samples are taken after the fluid has completed a predetermined 
number of passes (normally 250 cycles), and kinematic viscosities of 
the original fluid and of the sheared samples are determined at 40°C 
and 100°C. The percentage reduction in viscosity is thus a measure of 
the test fluid's shear stability as determined by the (Bosch) Diesel 
Injector Test Rig. 

ASTM D2603 is an alternative test method utilizing sonic irradia- 
tion (10 kHz) to shear the polymer content of the fluid. However, it 
would appear that sonic oscillation rates the various types of polymer 
in a different order to mechanical devices, and correlation with pump 
tests and the diesel injector test is frequently poor. 

Table 16.2 Test parameters for important hydraulic pump tests 

Test MPa "C rpm h Requirement 

IP 281 - Vickers V-104C 
(vane pump) 
ASTM D2882 - Vickers 
V-l04(5)C (vane pump) 

Vickers 35VQ25A (vane 

Denison P46 
(axial piston pump) 

Pump) 

14 4 3  cSt 1440 250 Totalwear (ring 
+ vanes) e100 mg 

13.8 80 1200 100 Total wear (ring 
+ vanes) 6 0 m g  

21 93 2400 3 X 50 e75 mg (ring) 
4 5  mg (vanes) 

35 57-85 2400 100 Minimalwear of 
phosphor-bronze 
slipper pads 


