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Hydraulic fluid analysis:
avoiding the potential pitfalls

Analysis of hydraulic fluids, if
done properly, can suggest main-
tenance procedures to improve
hydraulic equipment reliability
and extend system life. Signifi-
cant cost savings can result.

Where to take a sample

There are two types of fluid
sampling: static and dynamic.
Static sampling involves extrac-
ting a fluid sample from a reser-
voir or a dead zone, where there
is slight fluid movement. Little
useful information is gained
from static sampling because:
® contaminant concentration
gradients exist within static flu-
ids. Water and particles tend to
segregate and settle due to grav-
ity. Therefore, samples taken
from different sections within
the static container yield com-
pletely different results, and
® particles from reservoirs may
describe system histories, but
provide little information on
what is happening now. Large
reservoir volumes dampen out
dynamic changes and conditions
within the system.

Dynamic sampling (where
there is extensive fluid move-
ment) is the best way to obtain a
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representative sample from a hy-
draulic system. However, sam-
pling valves must be installed at
several points in the system and
therefore more effort and ex-
pense is involved. Still, this ex-
pense and effort is a modest price
to pay for accurate results.

There is no rule-of-thumb for
locating sampling valves opti-
mally in a system. Obviously, the
more locations available, the
more comprehensive informa-
tion can be extracted. Here are
some valve location options:

Pump effluent monitoring. Lo-
cating a sampling valve in the
pressure line can be an effective
way to monitor the component
most prone to contaminant fail-
ure — the pump. Fluid from this
sampling point will contain a
combination of contaminants:
those entering from the reservoir,
sloughing offthe suction strainer,
desorbed (captured then re-
leased) from the intake filter, and
generated by the pump itself
{wear/cavitation debris and cor-
rosion products). Samples here
can effectively identify incipient
and impending pump failures.
Further, directional valves, actu-
ators, etc. are immediately sub-
jected to the pump effluent fluid
and contaminants therein.

Component monitoring. Sam-
ples taken downstream of actu-
ators such as cylinders and mo-
tors (after subtracting pump
effluent levels) monitor in-

gression from wiper seals, hose
fibers, corrosion, filter de-
sorption, and wear debris. These
samples are effective at identi-
fying ailing components and un-
usually high ingression points.

Return line monitoring, If only
one sample location can be se-
lected, the return line (upstream
of the return-line filter) is the
choice of the authors. Simply put,
the return fluid contains all the
contaminants that the system
just experienced, including those
contaminants ingested and gen-
erated by the system. When sam-
ples are taken and analyzed fre-
quently, overall system health
can be effectively monitored.
The only exception is when a
high-efficiency pressure-line fil-
teris employed that may coverup
the signs of an ailing pump.

Sampling do’s and don’ts

Getting a representative fluid
sample into a clean bottle is the
single most difficult step of the oil
analysis process for hydraulic flu-
ids. Sampling hydraulic fluids lit-
erally must be done with the care
of a surgeon. Small procedural
errors produce large test result er-
rOrs.

The amount of particulate
matter we are concerned with in
hydraulic fluids is extraordi-
narily small. If all the particles
from a typical 125-cc bottle of
hydraulic oil having an ISO 13/10
contaminant level were concen-




hydraulic fiuid into a sampling bottle. The bottle, covered with a plastic sheet or film,
should be kept upright on its way to a laboratory.

Fig. 2. Probe-on-style, hydraulic-fiuid sampling valve system consists of a sampling
valve, plastic tubing with a probe on one end, and a sampling bottie with a lid having two
finger-like extensions, which stop-up two ports in the bottle cover.

trated in one spot, virtually noth-
ing could be seen with the naked
eye. Yet, on occasion we still see
fluid samples taken in soft drink
bottles, coffee cans, and the like,
Frequently, more dirt enters the
hydraulic fluid during the sam-
pling process than was in the
fluid originally.

There are two accepted ways to
obtain a dynamic sample from a
hydraulic line. The first pro-
cedure, Figure 1, uses a ball valve
to obiain the fluid sample. It is
very effective if two precautions
are observed:
®a plastic film cover must be
used to prevent the entry of envi-
ronmental contaminants during
the sampling process. Further,
the sample bottle must remain
upright en route to the laboratory
so that particles are not caught
behind the plastic cover, and
® before taking the sampile, a vol-
ume of fluid equal to at least five
times the valve assembly volume
must be expetied. This flushes
out the in situ contaminants
from the valve assembly.

The second accepted dynamic
sampling procedure, the probe-
on-style, Figure 2, has gained
prominence recently among mo-
bile equipment manufacturers.
Here are some benefits:

o these sampling valves, Figure
3, are inexpensive and easy to
install. Several can be located ina
single system. Valves also can be

Fig. 3. Samples of hydraulic fluid is with-
drawn using a probe-on sampling sys-
tem. The sample fluid is withdrawn via
the probe-on-style fiuid sampiing valve.




used for pressure diagnostics and
portable fluid analysis described
later

# although these sample valves
must also be flushed, much less
fluid volume is involved

o certified wu/traclean sample
bottles are available, eliminating
concerns regarding original
cleanliness

® accidental entry:of environ-
mental contaminants is unlikely
with this design because the bot-
tle cap does not need to be re-
moved during sampling. Before
shipment to the laboratory, the
flexible tube is discarded and the
vent/fill holes are sealed. (Note:
bottles should have removable
caps, for removai by the labora-
tory only. Bottles with flexible
necks and tubes that remain on
the bottle during shipment to the
laboratory should be avoided.
During shipment, these necks
and tubes trap particles which
cannot be resuspended for analy-
sis), and :

e sample bottles of this config-
uration can be shipped 1o the lab-
oratory in any orientation, even
upside down,

The final consideration when
taking a fluid sample is how high
to fill the sample bottle. The rec-
ommended procedure is to never
fill more than two-thirds of the
bottle. Particles and water settle
rapidly in fluid and the only way
these contaminants can be re-
suspended is through agitation,
It is impossible to properly agi-
tate bottles that are completely
full. Some laboratories deal with
this by pouring off fluid from full
+ bottles. However, pouring off the
fluid changes the contaminant
concentration of the remaining
fluid.

Laboratory procedures.

Many commercial laborato-
ries offer fluid analysis service,
but they may not have the experi-
ence, staff, equipment or pro-
cedures to deal with the particu-
lar requirements of hydraulic
fluid analysis. We suggest you ask
the following questions before

committing your analysis project
to a specific laboratory:

# are sample bottles (if provided
by the laboratory) certified clean
or wltraclean? What cleanliness
specification is used? Ultraclean
bottles should have no more than

1.5 particles greater than 10pm/

ml. How frequently are bottles
sampled for cleanliness? Does
the laboratory use certified bottle
cleaners?

® arc bhottles agitated before
analysis for wear metals, addi-
tives, water, and particles by a
paint shaker no less than five
minutes? This is critical! Part-

.icles frequently bind tightly to

bottle sides and bottoms. Certain
additives such as rust inhibitors
make it especially difficult to re-
suspend settled particles. Fluid

- samples that have sat on the shelf

for several days should be agita-
ted for at least 15 minutes. (Note,
failure to agitate the fluid before
any analysis step during which an
amount of the fluid is removed
changes the contaminant con-
centration for subsequent analy-
sis of the remaining fluid.)

® are laboratory instruments cal-
ibrated frequently, using fluid
standards and calibration fluids?
Particle counters especially need
to be catibrated. Ask the labora-
tory how this is done and how
frequently. Get specific answers.
o verify that the laboratory is re-
moving background effects be-
fore analysis. Particle-counter di-
Jution fluid must be filtered
rigorously 1o less than 0.01 part-
icles greater than 10um/ml. All
water and air should be removed
from the fluid before particle
counting. Additive effects should
be subtractied out of tests for wa-
ter using Karl Fisher titration.

® are technicians certified on all
the equipment they will use? Cer-
tification should include consis-
tency and accuracy tests. When
were technicians last retested?

¢ will the laboratory provide test
results within 72 hours after re-
ceipt of the sample? While wait-
ing for test results, components
can degrade further.

interpreting test results

There is clearly much con-
fusion among hydraulic-equip-
ment users regarding the mean-
ing of oil analysis results.
Generally, no interpretation
should be made without appli-
cation and system information.
What is normal or proper for one
system or application may ap-
proach catastrophy for another.
Avoid taking action based only
on computer interpretations or
other highly structured criteria.
Here are a few interpretation
guidelines:

Viscosity. Viscosity is gener-
ally reported in Saybolt Univer-
sal Seconds (SUS or SSU) or ISO
viscosity grades. As hydraulic
fluid ages, viscosity increases
slowly. These increases in viscos-
ity are caused by fluid base and
additive oxidation, Unusually
high operating temperatures ac-
celerate the process. Therefore,
rapid swings in fluid viscosity
may signal the presence of system
hot spots. Generally, any swing
in viscosity of 10% or more is an
indication that the fluid is near-
ing the end of its useful life.

Acids. As hydraulic fluids ox-
idize due to the presence of air,
water, and elevated iempera-
tures, acidic by-products are
formed. The acid value of a fluid
is measured using the Total Acid
Number (TAN) in mg of KOH/
gm, or rather the number of milli-
grams of potassium hydroxide
(an alkaline agent) required to
neutralize one gram of fiuid.
Some fluids are formulated with
a low neutralization number (0.2
mg KOH/ gm), while those con-
taining the antiwear additive zinc
dialkyldithiophosphate (ZDDP)
start off with values from 0.6 to
1.5 mg KOH/gm.

When fluids begin to oxidize,
the neutralization number in-
creases rapidly, generally accom-
panied by an increase in viscos-
ity. However, for zinc antiwear
fluids, the number decreases
about 0.5 mg before finally in-
creasing steadily as oxidation
progresses. As a rule,-a change in
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the TAN of more than 1.0 mg is
an indication that the fluids need
to be changed.

Water contamination. Water
has been the hidden source of
many hydraulic fluid and system
fallures. Do not underestimate
its devastating effect. Often, wa-
ter causes the damage for which
other factors get blamed. Some
examples of damage caused by
water:
® oxidation and corrosion
® rapid degradation of crucial
antioxidant and rust inhibitors,
forming acids and precipitants
® destruction of ZDDP antiwear
additives, forming hydrogen sul-
fide and sulfuric acid. Increased
wear due to particles results
® particles stick together like wet
sand, increasing the rate of silting
of valves and orifices
® air stays entrained in fluids
much longer when water is pre-
sent. Oxidation and corrosion
accelerate
e filters loose efficiency and life.
Some filters may swell and loose
their strength
o fluid viscosity is affected,
forming non-Newtonian fluids,
resulting in a loss of hydrody-
namic lubrication
® valves lock with ice-crystals
when temperatures fall below
freezing, and
® bacteria grow on reservoir bot-
toms at fluid/water interfaces.

Hydraulic equipment users’

should stop hydraulic system
operation if water contamination
exceeds 500 ppm (0.05%) in crit-
ical systems. Generally, con-
tinuous use of water-removing
filters will keep water contamina-
tion within acceptable limits.
Wear metals. The presence of
excessive amounts of wear and
cavitation debris in hydraulic flu-
ids are the tell-tale signs of an
impending compoenent failure,
Maintenance should be sched-
uled before harm to other com-
ponents and catastrophic failure
results. The types and relative
amounts of wear metal can be
measured using spectrometry.
(Absolute amounts cannot be de-

termined because spectrometry
is generally limited to particle
sizes below 15 micrometres).
Commercial laboratories tend
to use either atomic emission or
inductive coupled plasma spec-
trometry because 20 or more ele-

‘ments can be measured at one

time. For instance, the presence
of iron may indicate wear of
pump pistons, vanes, or gears, as
well as wear of bearings and cylin-
derbores. Copper debris may sig-
nal pump thrust plate wear, cyl-
inder gland guide degradation,
and bushing wear. Aluminum
particles may be generated from
pump/motor housings and some
cylinder glands. The presence of
chrome may indicate debris from
cylinder rods, valve spools, or
bearings.

In addition, ferrography can
detect and measure wear debris
during the early stages of equip-
ment failure (since the full spec-
trum of particle sizes are quan-
titatively assessed) and should be
used to compliment spectro-
graphic analysis. A typical fer-
rography report would indicate
presence and quantity of:

e normal rubbing wear

e fatigue chunks (typical gear
surface wear)

® spheres (fatigue cracks in roller
bearings)

® ]aminar particles (gears or
roller bearings)

® scvere wear particles

® cutting wear particles (high
unit pressure)

& oxide particles (including rust)
® dark metallo-oxide particles
(typical hard steels), and

® non-ferrous metal particles.
However, only a few laboratories
do analytical ferrography rou-
tinely.

Particle counts. Solid contami-
nants affect the operation of hy-
draulic systems more than any
other single factor. While there
are several types of laboratory
equipment that can count con-
taminant particles accurately,
there is much confusion over in-
terpretation of the results. How

much contaminant can a specific -

machine tolerate? At what con-
taminant level should the fluid be
changed? The Contaminant Life
Index (CLI), see box, was de-
signed by Diagnetics to answer
these questions.

Because each machine is often
uniquein design and application,
the CLI will adjust accordingly.
Once a CLI value is determined
for each piece of equipment, it
can be used as a reliable basis for
comparison against particle
count data from fluid analysis
and can be directly translated
into the widely used ISO Solid
Contaminant Code.

Additives. Spectrographic
analysis, oxidation tests, infrared
analysis, and lubricity tests can
indicate the condition of key ad-
ditives. Test results are usually
compared to those of new fluid to
assess degradation of antiwear,
antioxidant, viscosity improver,
rust inhibitor, and extreme-pres-
sure additives.

Lubricity. The most reliable
method for assessing a fluid’s lu-
bricity (or antiwear properties) is
the Fluid Contact Gamma Test
developed by the Fluid Power Re-
search Center at Oklahoma State
University. The test is performed
under boundary-layer lubri-
cation conditions with a test
journal/pin bearing combin-
ation. The reading produced is a
measure of total journal/bearing
wear, indicating the fluid’s lu-
bricity.

Field analysis of fluid

Hydraulic {luid condition is of
preeminent concern and should
be monitored regularly. So im-
portant is it for some systems
that daily monitoring is not fre-
quent enough. To accomplish
such routing monitoring, the
analysis must often be done
quickly in the field by mainte-
nance personnel. Among other
things, field analysis can qualify
the need and timing for more
comprehensive analysis in the
laboratory,

Water test. Some forms of field
analysis can be done without in-




struments or test kits. For in-
stance, the presence of water in
hydraulic fluids can usually be
observed by its color, or tur-
bidity. Simply pour a sample of
the fluid into a transparent con-
tainer. If it shows up milky or
hazy, water is probably present. If
there is still doubt, drip a little of
the fluid onto an open hot plate.
If water is in the fluid, you will
hear a crackle or pop. Be sure to
wear eye protection. In the field
this can be done by placing a few
drops of fluid in a shallow depres-
sion in a piece of aluminum foil
and then heating the foil with a
match.

Additive oxidation. Thc OX-
idation of additives often can be
observed by sediment on the bot-
tom of sample bottles after set-
tling for 12 or more hours. Dis-
coloration and foul fluid odorisa
sign of fluid and additive break-
down. Field fluid thai has been
oxidized will appear thicker and
more viscous than new fluid.
Check the fluid’s viscosity by
putting a drop of new fluid beside
an equal size drop of used fluid
on a slick surface, and then
slowly tilt the surface. The less
viscous fluid will run first,

Patch test kit. Field contami-
nant analysis kits are available
from several sources. One type,
referred to as the patch test, has
been used widely for more than
20 years. After training, tests con-
ducted using the patch test kit
can be done either in the labora-
tory or in the field. An average of
30 minutesis needed for each test
sample.

For the patch test, a measure of
fluid is drawn through a fine
membrane. Particles deposit on
the membrane surface. The
membrane is then removed and
the contaminant aggregate is ob-
served with a microscope. Using
photograph comparisons, the
contaminant level is approxi-
mated based on color and con-
taminant density on the mem-
brane.

The major benefit of the patch
test is that the actual contami-
nants are viewed by the tech-

How clean should hydraullc fluid be?

The questions.of the Contami-
nant Life Index 4t right relate
actual applications to clean-
liness requirements.

A. Pump contaminant sen-
sitivity. The contaminant sen-
sitivity of the hydraulic pump
isacritical factor in estimating
the contaminant sensitivity of
the overal’] system. Fcr those
mgs (NFPA RS T3. 918 1976)
specified by their manufac-
turer, the score for this cate-
gory i simple, For unrated
pumps; the sensitivity must be
éstimated by the equipment
user, Generally, vane pumps
are more sensitive than plston
pumips which. ar¢ more sensi-
tive fhan gedr pumps. How~
ever, the experience of the user
with the particufar pump is
probably the best guide. When

_no information is available,
“seoré this category asaverage.

B. Operating pressure. Be-
cause the contaminant sensi-
tivity of hydraulic compo-
nents varies with operating
pressure, thiscategory is heav-
ily welghted Operating pres-

- sure is the pressure under load

durmg normai Work cycles
plymg the approprl_a,tc score
factor by the score of part A.
C. Duty cycle severity. This
category penalizes systems
that.operate for extended peri-
ods: at 130% of normal oper-
atmg pressure; This informa-
tion. must be observed from

pressure gages during peak

work cycles Equipment sub-
ject to ngorous performance
réquitements in the field gen-
erally has higher dut: "‘cyclc

o) Y
mation is avallable score th1s-

categoryas mediunm.
D. Fluid type. A fluid’s per-

formanee affects the system’s

conhtaminant sensitivity, Both
‘viscosity and fluid type are in-
volved. Toscore this category,
netethe scoré factor nder the

correésponding fluid type and
multiply this factor times the
value (100 minus the ISO viscos-
ify grade). If the viscosity grade is
over 100, just use 100. For water
only fluids, use 150 as the score
{don’t multiply by viscosity).

E Number of servcvalves
noLd or pro.pqrtlgnal cgntrol
valves in the system. Assign the
corresponding value,

F. Presence of water. Water
contamination aecelerates solid
contaminant wesdr, Estimate the
amount of water as a percentage
(by volume) and multiply the
corresponding score factor times
the score of part A. Generally, oil
that is hazy in color will have
between 0.05 to 0.15% water.
Note: 1% equals 10,000:ppm.

G. Contaminant abrasivity.
Scere abrasivity (hardress and
angularity) of airborne particles
in the immediate area of'the ma-
chineas high, medium, orlow.

H. Maximum system flow
rate. The score for flow rate
should correspond to systent or
pump specification. This. assigns.
relative replacement costs of the:
hydraplic components.

I. Cost of downtime, If dowri-
time ¢ost§ afe known, assign the:
score using the first table. Other-
wise, the scoré should corre-
spond to estimated cost of the
equipment (the second table).

J. Safety risk upon failure.
The risk associated with hydrau=
lic failure: is strictly judgmental,
but is a c¢ritical part of the fluid
cleanliness. decision. Assign the
seore according to the risk level.

Total the individual scorés to
obtam thc CLI vaLue The CLI

cleanliness classes Pa icle
counts produced from eil anal-
ysis then can be compared casily
with: the contaminant tolérance

established by the Contam,mant

LifeIndex.
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nician. The presence of wear de-
bris or other abrasive solids can
be clearly observed. The user can
sec what is doing the damage as
well as the damage (wear debris)
that has already been done. Al-
though not a quantitative tech-
nique, the patch kit can provide a
good indication of the contami-
nant severity existing in the sys-
tem, at very little cost and in a
brief time.

Probe-on contaminant moni-
tor. A screen-type contaminant
monitor uses a probe-on tech-
nique that eliminates the need to
draw an initial sample into a
bottle, Figure 4. The device em-
ploys the mechanical filtration of
particles to measure solid con-
taminant levels. This is achieved
with a precision screen having an
exact pore size and pore density.

During a test, fluid enters the
device from the sampling valve
under pressure. The fluid passes
through the calibrated screen and
begins to actuate a small piston,
coupled to a linear displacement
dial indicator.

As fluid passes through the
screen, particles begin covering
the screen’s pores. The particles
gradually close offavailable pores
until flow through the screen is
-reduced to near zero. At this
point the filtrate volume is mea-
sured from the dial indicator
reading. The greater the volume

Fig. 4. Probe-on, screen-type contami-
nant monitor/analyzer avoids the naed
to draw a sample of hydraulic fluid into a
bottle. Note that a probe-on-style fluid
sampling valve is used with the monitor/
analyzer.

of fluid that passed through the
screen before the screen was
blocked by the particles in the
fluid, the cleaner the fluid.

Either electronically or with a
nomograph, this reading is
quickly translated into approxi-
mate particle counts and clean-
liness level classes. Immediately
after the reading, the handle is
depressed to expel the fluid in the

reverse direction through the
screen (backflushing). This
cleans the unit for immediate re-
use.

The contaminant monitor
produces a direct quantitative
reading; no interpretation is re-
quired. Relatively little time is
required — only about two
minutes on the average with no
cleaning or lengthy preparation
needed between readings. Also,
laboratory evaluations indicate
that this test produces accurate
and repeatable readings. It ap-

“pears most useful in providing

contaminant trend analysis,

Frequency pays off

Conducting routine field fluid
analysis is most important,
Equipment problems can occur
so quickly and with such little
warning that relying strictly on
periodic laboratory analysis may
not be enough. Applying good
Jield oil analysis techniques every
other week is far superior to so-
phisticated laboratory analysis
semiannually.

Finally, fluid analysis is to no
avail if required servicing is not
ordered and promptly carried
out, Problems must be identified,
‘corrected, and prevented from
reoccurring. Always focus on the
root cause of problems; you must
direct corrective action at the
source, [HF]

Reprinted from HYDRAULICS & PNEUMATICS’
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