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Suck it up: The success of oil analysis relies
on being able to take a sample which is an
accurate representation of the lubricant from
an engine, transmission, hydraulic system

or final drive. The sample must be well
mixed and taken from the correct location
otherwise accuracy will be compromised.
Photos: Ben White and Josh Giumelli

Wouldn't it be handy to ascertain the internal condition of a fractor’s engine or transmission without
having to strip it down, or to pre-empt a serious breakdown before it occurs? By Josh Giumelli

hile crystal balls are in

short supply in most

workshops, oil sampling

and analysis is a valuable
tool for predicting breakdowns,
monitoring wear levels, contamination or
lubricant condition. And the good news
is the sampling process is straightforward,
and not expensive.

Like a blood test, oil analysis can reveal
multiple factors concerning the condition
of oil from compartments such as engine
sumps, transmissions, hydraulic systems,
differentials and final drives. In a similar
manner, samples of coolant and fuel can
also be analysed.

To use oil sampling to its full
advantage, samples are taken periodically
over the life of a machine, such as at every
engine oil change or every 500 hours for
a differential or final drive. Component
condition can thus be monitored, and
trends in wear metals can provide
advanced warning of any impending
problems. (see Table 1 for suggested
sampling intervals).
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The advantage of forewarning is that
repairs can be scheduled for a convenient
time, with parts at hand, rather than in
the middle of seeding or harvest where
the cost of a breakdown is multiplied
many times by taking a machine out of
service when it is needed most.

There are a number of specialist
laboratories around the country which
can analyse samples. In this Workshop
article we have used Cat’s SOS fluid
analysis service, which is independent
from any parent oil company. But this
article is not an endorsement of the SOS
service, rather an example of the kind
of service offered by a typical oil sample
laboratory.

ANALYSIS BREAKDOWN

There are three main areas of oil
analysis that should be carried out by the
laboratory:

* Wear metals — the type and size of
metal particles present in the sample
which can indicate abnormal wear of
componentry.
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Table 1. Recommended oil sampling intervals

Compartment Sampling interval

At each oil change as
recommended by manufacturer

At 250h initially then every 500h
Every 500h

500h initially then every 1000h
500h initially then every 1000h

Engine

Transmission

Differentials

Final drives

Hydraulic system

Note: Recommendations may differ, follow
manufacturer or laboratory advice.

 Physical and chemical tests — to monitor
the presence of contaminants in the
sample such as fuel, water and coolant.

* Qil condition — this monitors oil
viscosity and quality which is handy
when assessing the required service
interval, for example extending or
reducing the oil change interval.

TEST RESULTS

Test results are either mailed, emailed
or available online depending on the
laboratory used.
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Table 2. Examples of engine contaminant levels (ppm)
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Possible source NI(:a rvmefl ellevated Elf::;fd
evel
Iron (Fe) Liners, gears, tappets, rings, gears 0-40 41-70 71-100 >100
Chromium (Cr) | Rings, cams, followers, rolling bearings 0-5 6-10 11-15 >15
Lead (Pb) Plain bearings, thrust washers 0-15 16-25 16-40 >40
Copper (Cu) Bearings, bushings, thrust washers 0-15 16-25 26-45 >45
Tin (Sn) Bearings 0-10 11-15 16-20 >20
Aluminium (Al) | Pistons, some crankshaft bearings, dirt 0-6 7-15 16-20 >20
Silicon (Si) Dirt, oil de-foamants 0-5 6-10 11-15 >15
Sodium (Na) Coolant, salt, potential additives 0-5 6-15 16-30 >30

While it is useful to possess an
understanding of the various test results,
interpretation of the sample is a science
and the lab should provide a comment
in the report on any possible issues that
may exist.

Your oil analysis service may provide
resource materials to help understand the
results if you wish to learn more. Suffice
to say, there is limited room in this article
to cover all areas of sample analysis, but a
basic understanding is helpful.

INTERPRETING THE SAMPLE

Oil analysis will typically show a range of
wear metals and other contaminants. It is
the concentration of these elements in the
sample that is the key.

Elevated levels of certain metals can
suggest wear in particular areas, with
concentrations measured in parts per
million or PPM (see Table 2).

Iron levels in a sample normally
come from wear in cylinder liners and
rings in engines, gears and bearings in
transmissions, differentials and final
drives, and valves and gears in hydraulic
systems.

Chromium particles originate from
any chrome-hardened components
such as rolling bearing, gear teeth cams
and followers, as well as hydraulic
components.

Elevated levels of copper, lead and
tin indicate wear in plain bearings as
used in crankshaft, big end and thrust
bearings in engines, or from friction
discs in transmissions. Higher than

GSP-795
Pneumatic Stool
(A359)

$B-100 - Handyman
Sandblasting Cabinet
(S288)

normal aluminium levels point towards
piston wear in engines, but can also
point towards high levels of dust or dirt
contamination.

High levels of silicon can point to a
number of sources. By itself, it may reflect
the use of a silicone anti-foaming additive
in the oil (about 10ppm), or from the
breakdown of silicone gasket sealants.

In a ratio of about 1:1 and 1:3 silicon to
aluminium indicates dirt ingress.

While high levels of calcium,
phosphorus and zinc may initially appear
alarming, they actually indicate the
presence of oil additives and are usually
no cause for alarm.

The presence of fuel in the sample can
come from a number of sources, such as
leakage from lift pumps, injection pump
shaft seals, dribbling injectors, over-
fuelling or unburnt fuel travelling past the
piston rings. A lot of the interpretation
will depend on the particular engine
design and other supporting factors.

Water is a common oil contaminant
and can come from a number of
sources. Just the process of burning fuel
in an engine produces water, and hot
engines tend to draw in air as they cool,
allowing moisture to condense inside
the engine.

A more serious situation is water
leakage due to gasket failure or liner
O-ring failure. Further supporting
evidence can be found in the presence
of coolant inhibitor products in the
sample such as boron, sodium and
potassium.
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SIZE MATTERS

The typical oil concentration of iron in
a sample only measures particles of a
size of 10 microns or less (one micron
or lum is equivalent to one thousandth
of a millimetre). The oil analysis
laboratory should also do an oil Particle
Quantification (PQ) test.

The PQ index is a relative measure
of the total ferrous metal content in
the oil, regardless of particle size. This
helps pick up the presence of large iron
particles which are not detected by the
spectroscopic test. The higher the PQ
index, the higher the concentration of
ferrous wear metals.

The PQ index has no unit and is a
relative value, and values below 25 indicate
normal wear. A low iron spectroscopy
level under 10um and a low PQ index
point to normal or low levels of wear. A
high spectroscopy level and low PQ index
indicate normal but more advanced wear
rates, and a high PQ index but relatively
low iron spectroscopy reading indicate
possible impending component failure due
to the present of larger ferrous chips or
particles in the sample. >

A standard SOS sample kit comes complete with

the following items: A: sample jar with solid lid.

B: ventilated lid. C: valve sample adapter.

D: sample tube. E: post cylinder. F: label. G: post bag.
The sample kit costs about $30 (including return
postage and sample analysis) and is available from
(at dealers or by calling 1300 881 064.

IWB-40

Industrial Work Bench
(A420)
_,_'—-""_‘_‘_‘—-—.__“J

v

T-13B - Bench Mount
Thicknesser
(W812)



FROM THE WORKSHOP OIL ANALYSIS

TAKING A VACUUM SAMPLE

It is most likely a vacuum pump will be needed
for the majority of sampling jobs on farm. This
screws to the top of the sample jar and is used to
draw a sample of oil through a tube and into the
jar. It costs about $40. While samples have been
taken from the oil stream when draining a sump
during an oil change, it is not worth the effort due
to the difficulty in obtaining an accurate sample
(and the ensuing mess!).

Holding the sample tube alongside the dipstick,
mark the length of the dipstick on the tube
with a felt tip pen. This will ensure the sample
tube draws oil from the around the level of the
dipstick. If the tube is inserted too far into the
sump it will draw a sample from the base of
the oil pan which may not be representative.
For other compartments without a dipstick (for
example final drives, differentials) ensure the
compartment is level and the tube is inserted
roughly half-way into the oil.

Remove the solid cap from the sample bottle and
attach securely to the vacuum pump, taking care
not to contaminate the inside of the bottle.
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To take an accurate, representative sample, it is
imperative the machine is brought to operating
temperature. In the case of an engine oil sample,
simply start the engine and bring to working
temperature to ensure the oil is correctly mixed.
For another reservoir such as a final drive,
transmission, differential or hydraulic system

it will be necessary to operate the machine to
ensure oil is well mixed.

With the engine at operating temperature, switch
off and make sure the unit is in park. Withdraw
the dipstick and wipe off any excess oil.

Now cut the tube to length allowing additional
tube length for the vacuum pump to be
conveniently operated. Note that the longer

the tube, the more difficult it will be to draw a
sample. Make sure the tool used to trim the tube
is clean and doesn’t contaminate the cut.

Insert the trimmed end of the tube into the
vacuum pump so that the end protrudes by about
25mm (left). Now tighten the collar nut to secure
the tube (right).

Insert the end of the sample tube into the dipstick tube, taking care not to brush the end against anything
than may contaminate the sample. Make sure the tube is inserted to the marked line. It may pay to have a
helper hold it in place. Alternatively, secure with a piece of tape.
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Hold the pump perfectly level and pump up a vacuum. Oil should flow up the tube and into the bottle. It is not
necessary to continually operate the pump, only pump up enough vacuum to draw sufficient oil into the bottle to
fill to the line. If you create too much vacuum and over-fill the bottle you will contaminate the pump with oil.
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Carefully remove the sample bottle from the
pump and firmly secure the white solid lid. If
you are taking several samples at the same

time, write on the lid with a felt tip pen to avoid
confusion later on.

USING A SAMPLE PORT

Various brands of equipment may be fitted with
proprietary oil sample points. The benefit of these
is that it is more difficult to introduce impurities

into the sample, and the sample is quicker to take.

For Caterpillar equipment, a yellow plastic dust
cover protects the engine oil sample port which
is found on the oil filter. Blue covers are used on
hydraulic oil, purple covers on transmission ports
and green covers are used on coolant sample
ports. These ports can be retro-fitted to other
equipment with pressure oil systems.
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Loosen the collar nut and clean the end of the
sample tube to avoid contamination before
withdrawing through the pump body. Inspect the
pump for contamination before putting it back in
its case.

V
To take an oil sample using a port, no vacuum
pump is required. The sample kit should be
supplied with a special port adapter as shown
here fitted to the end of the sample tube (left).
This is simply pushed over the sample port (right)
allowing oil pressure to pump a small amount of
oil out the port.

Once oil has reached the marked line on the
sample jar, simply twist the bottle to break the
seal. Oil will stop flowing into the sample jar.
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Don't forget to reinstall the dipstick or plug after
the sample tube has been removed.

As with the previous sample using the vacuum
pump, start the engine and run it until it reaches
operating temperature. This applies for other
compartments, and in the case of transmission
and hydraulics you may need to operate the
machine to ensure full oil mixing.
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FROM THE WORKSHOP OIL ANALYSIS

To take a sample, the test port must be purged
first to clean it of any impurities which may bias
the sample test results. Using a spare oil sample
bottle or other suitable container (eg soft drink
bottle), press down on the port adapter with the
engine running. Oil should run down the tube into
the bottle. Collect about 50ml then discard. Do not
use the final sample bottle for this operation, or the
sample will be contaminated. Take care to avoid any
radiator fans or moving parts and make sure the
machine is in neutral and the park brake is applied.

SENDING OFF THE SAMPLE
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Now you are ready to collect the final sample.
Pictured here is the setup required. Remove the
white lid from the clean sample bottle and place
it in the plastic bag where it is unlikely to become
contaminated. Screw the black lid onto the bottle
and insert the sample tub through the lid so that
about 25mm protrudes. The port adapter should
be installed on the other end.

information. While all of this information is not necessary for the sampling process, it will be noted in records
with the sample, and is especially important with reqular, scheduled sampling programs. It is also important
to identify the compartment the oil has come from. The acceptable concentration of wear particles for an
engine, gearbox or hydraulic system are all quite different and will be taken into account by the lab when

interpreting the sample.

Another option is to drop the sample off to the
laboratory if you are close by. The lab may also
have an after hours drop box for samples. Kondinin
Group sent one sample by post which took nine
business days to arrive and get results for. A
second sample which was dropped off after hours
took only 2.5 business days for results to arrive.
Any hold-ups in the system could be related to the
postage system rather than the lab itself.
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Results will usually be emailed after a couple of
days, or available online through a user portal. In
the case of our SOS sample, results were emailed
but also available through www.mycat.com
provided you have set up an account. This process
did not prove to be overly easy and required a
few phone calls to sort it out and was potentially
complicated by us not being a registered owner of
any (at equipment.
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With the engine running, press the port adapter
against the port and fill the sample bottle to the
fill line. Remove the cap and tube and seal the
sample bottle with the white cap.

Insert both the information card and sample
bottle into the mailing tube and attach the lid.

The sample can now be placed in the mailing bag
and posted.
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The report will include a multitude of information
including wear metal concentrations, oil condition,
PQ index, contaminant (eg fuel, water) as well as
trend graphs showing movement of levels over
time. The latter relies on having previous samples
the lab can refer back to, and no trends are
possible for one-off or first-time samples.
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CNC
Machinery

Metal
Working

70-605

Measuring Box set

¢ CNC Machined for high accuracy
¢ Ground Measuring Face

¢ Black Anodized Coating for a
Protective Anti Rust Coating

¢ Precision Laser Engraved
Markings

s

Order Code: Q605

SAVE $22

Metric Precision
HSS Drill Set

e 25 piece set

¢ Precision ground flutes
* HSS M2 bright finish

¢ Range: 1~13mm

e 0.5mm increments

SAVE $14.50

WT-6
HSS Wood Turning Tools
e High speed steel

¢ 12mm deep bowl chisel - long
handle

* 24mm roughing gouge
® 24mm oval skew

¢ 19mm domed scraper

e 5mm parting & beading
¢ 9mm spindle gouge

Order Code: W302

SAVE $15

BD-325

Bench Drill

e 16mm drill capacity
e 2MT spindle

e 12 spindle speeds
e Swivel & tilt table

e 1hp, 240V motor

Order Code: D590

SAVE $36

Sheet Metal
& Fabrication

EF-5S - Engineers Files,
5 Piece Set

e 200mm hardened and
tempered files

* Second cut: Flat, 1/2 Round,
Round, Square, Triangular

\/J-680 - Hydraulic

Vehicle Positioning Jacks

® 680kg hydraulic lift per jack
e 270mm max. tyre width

* 620mm max opening

¢ Sold in pairs
0 EL
g) %gg &
Order Code: A332 :
$297

SAVE $55

WL-14V - Mini Wood Lathe

* @356 x 470mm turning capacity
e Electronic variable speed

* Digital readout speed display

* 12 position spindle indexing

* 0.75hp, 240V motor
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Order Code: W385

SAVE $60

HPF-50 - Industrial
Hydraulic Press

* 50 Tonne
* Robotic welded steel frame
e 200mm ram stroke

e Hand / foot
operated

e Includes
pressure
gauge & table
winch
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Order Code: P152

*

SAVE $209
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Working
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Workshop &
Automotive

DH-30

Air Duct Hose
* @300mm x 5M

* PVC air duct

Order Code: FO51

GREAT VALUE!

PTB-48CD - Parts
Storage Bin Cabinet
® 586 x 270 x 970mm
* 48 bin compartments
* 480kg total load capacity
Oil & impact
resistant

Includes
bin dividers

Order Code:

PROMAX 350 - Auto

Darken Welding Helmet

« Application: Mig, Tig, Arc &
Grinding

* 9 ~ 13 adjustable shade

® 4 arc activation sensors

e Ultra clear vision with
enhanced colour recognition

* Switching speed
0.00003 sec

Order Code: W002

SAVE $22

VIPER™ 185
Multi-Function Inverter
Welder-MIG-TIG-MMA

* 30 - 180 Amps

® 240V - 10amp

o Lift arc Tig ignition R

* VRD for MMA f

« Digital volts & (B X "
amp display

Order Code: W243

Lifting
Handling

Cutting
Tools

AF-30 - Industrial Axial
Flow Floor Fan

Ideal for non-flammable fume
extraction

@300mm diameter
60 cubic M/min
520W 240V motor

Order Code: FO50

GREAT VALUE!
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Machine Tool
Accessories

A family
owni
Australian

business

Measuring
Equipment

PF-75 - Industrial
Pedestal Fan
* @750mm

3 blade design

* 90° oscillates
or fixed head

¢ 3 x fan speeds
& head tilts 120°

e Adjustable height
* 280W, 240V motor

Order Code: F032

GREAT VALUE!
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ICRL-17D - Industrial Series Tool Box Package Deal
* Ball bearing slides e Protective drawer liners

ICH-8|

8 drawer tool chest
1051 x 445 x 552mm

IRC-7|

7 drawer roller cabinet
1067 x 458 x 1007mm

ISL-2D

2 drawer side locker
425 x 460 x 1390mm
Order Code: KOO5S

1,892

SAVE $99 off RRP

LTH-350 - Hydraulic
Lifter Trolley

350kg load capacity
910 x 500mm table
350-1300mm table height

2 fixed & 2 swivel
wheels with brakes

Order Code: J052

9
SAVE $88 o

MLR-454 - Hydraulic

Motorcycle Lifter

® 454kg load capacity

® 200 - 770mm lift height

* Foot operated hydraulic lift
e 1800 x 650mm platform

Order Code: A349

SAVE $96

X8L-PLUS - Industrial Bench Grinder with
Linisher & Mitre Table Package Deal

.
.
.

2200mm fine & coarse wheels

50 x 1220mm linishing attachment
Mitre table with angle guide

1hp, 240V motor

cXTRA

SRR MACHINERY

Order Code: G1592

SAVE $84 off RRP
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FA1021 TR Do Rate Check! 2
*Remote areas ma uire =)

ONLINE OR INSTORE! depot collection in your town
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mﬂcllll‘lEﬂ YHOUSE,

VIEW AND PYRCHASE THESE ITEMS OMLINE AT

SYDNEY
(02) 9890 9111

PERTH

(08) 9373 9999

www.machineryhouse.com.au/FA1021

BRISBANE
(07) 3715 2200

MELBOURNE
(03) 9212 4422
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