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RPD
ferrography
can achieve
substantial
financial
benefits.

What is RPD
ferrography ?

by J.S. Evans, B.Sc.

Of] analysis, including ferro-
graphy, provides the greatest
vilue for money of any main-
lenance monitoring technique.
While most maintenance
managers are familiar with the
general concept of oil analysis,
ferrography is less understood.
This Technical Bulletin describes
how lerrography fits into the
overall oil analysis picture, with
particular emphasis on RPD
(rotary particle deposition) ferro-
graphy and how it can be inte-
eraled into a maintenance
programme to achieve substantial
financial benefits at relatively low
cosL.

Case study

A construction company involved
in building the new N2 toll road
between Stanger and Mtunzini on
the KwaZulu Natal north coast
was operating a Bomag vibratory

compactor. The unit was old and
nearing a major overhaul,
Spectrometric oil analysis on the
torque hub of the unit showed a
very high concentration of iron,
and the patch test had a heavy
concentration of magnetic
particles which was visible Lo the
naked eve, indicating a very
severe wear situation.

The owner needed to know il this
was gear or bearing wear because,
if the bearings needed to be
replaced, it would be a fairly
quick and simple repair that could
be carried out on site. On the other
hand, if the gears were badly worn
then this would entail a major
repair that would have to be
carried out at the central work-
shops. Further in-depth testing
was required so an RPD ferrogram
was carried out and critical gear
wear was identified.

Although the RPD ferrogram did
not save the construction company
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The RPD
ferrogram
provides
more
in-depth
information
than
standard oil
analysis.

motnecy on repair costs as a full
overhaul was already planned, it
did allow them to get a replace-
ment unit from another site and
prevent the problem unit from
breaking down and delaying the
completion of the project.

In ather cases the decision to
conduct an RPD ferrogram to
obtain more in-depth information
than standard o1l analvsis pro-
vides, has saved numerous com-
panies hundreds of thousands of
rand in repair costs and the pre-
vention of unplanned downtime,

Oil analysis

and ferrography

01l analysis entails removing a
sample ol oil from an oil-wetted
component and subjecting it to a
variety of chemical and physical
tests to determine the condition of
both the lubricant and the compo-
nent. It looks at wear debris.
contaminants and the general
health of the ol

This technique was developed by
Ray McBride of the Rio Grande
railways in the United States in
1947 to monitor the condition of
locomotive engines. The most
common test involves SOAP
(Spectrometric il Analysis
Programme) analysis of the wear
debris - and additives and contam-
mnants - present in the oil.
Although this is a very useful
technique, it has a severe limita-
tion in that spectrometric analysis
will not delect wear particles

greater than 10p. This means that
it is possible for a severe wear
situation to exist with laree wear
particles that will not be detected
by traditional SOAP analysis.

The obvious solution to this
problem would be to filter all oils
through a fine filter pad or mem-
brane and examine any debris pre-
sent under a microscope. Time and
cost considerations mean that this
18 not a practical solution, so some
sort of reliable screening test is
required. This test is performed by
the PQ) or Particle Quaniifer
which gives a bulk magnetic read-
ing of the vil. indicating the level
of ferrous material in the sample,
irrespective of size. ILis very easy
to do as it is done in the sample
bottle in a matter of seconds and
can be carried out on all samples.
If the PQ index is over a certain
limit then this value can trigger a
debris or patch test.

The patch test is carried oul by
filtering the oil and examining the
debris with a stereo microscope. It
too has imitations in that SOAP
could indicate an abnormally high
concentration of iron and the
debris analysis could show the
presence of large wear particles,
alerting the end user to a severe
wear situation requiring correclive
action. What traditional oil analy-
sis cannot do though, is determine
the morphology of the wear parti-
cles, thereby determining what
wear modes are present and
cxactly what sub-component is
wearing, for example gears, bear-
ings, shafts or splines.




Analytical
ferrography
examines
the
morphology
of particles.

This is when ferrography is need-
ed as it gives a far more detailed
picture than a SOAP or patch test.

How ferrography works

There are two types of traditional
ferrography: direct reading and
analytical ferrography. There is
also RPD (rotary particle deposi-
tor) ferrography.

Direct reading ferrography

This measures the ratio of large to
small wear particles. In a normal
wear situation there are usually
more small particles than large
ones.

As with all condition monitoring
techniques. it is wise to work on a
trend analysis rather than absolute
values. Direct reading ferrography
can be carried out on a regular
basis and this ratio monitored.
Any substantial increase from an
established base line would indi-
cate the onset of abnormal wear.
Unlike the PQ, this test is labour-
intensive - it takes a few minutes
as opposed to a few seconds - and
cannot be performed on all
samples. A significant increase in
this ratio can be used as a trigger
OF screening test Lo carry out
analytical ferrography.

Analytical ferrography

In analytical ferrography, a ferro-
graph is vsed 1o produce a ferro-
gram and this is examined under 4
ferroscope, usually a powerful

| compound microscope with suit-

able optics, fillers and light

SUTCES,

It enables the morphology of par-
ticles 1o be studied to determine
wear processes. the origin of the
wear particles and sometimes the
cause of wear. The common char-
acteristics of the wear particles
that are studied are: size. concen-
tration, colour, shape, edge detail
and surface texture. The common
types of wear modes that can be
identified by analytical ferro-
graphy are: rolling, sliding, cut-
ting, spherical and rubbing - each
indicative of a different wear
process. Individual types of wear
particles can also be identified,
e.g. galling, scoring. pitting,
spalling, cracking, smearing,
rolling. laminar, striations and
COITOS1ON,

Analytical ferrography involves
the removal of ferrous (magnetic)
material from a small sample of
oil using magnetic as well as flow
and gravity separation. The oil
sample is caused o flow down a
channel on a prepared glass slide.
The slide experiences a gradually
decreasing magnetic fMux because
ol the distance from the powerful.
permanent magnet positioned
beneath it, Because of the flux
torce and the slightly *sticky’
nature of the oil and the glass
slide, particles which respond to
magnetism are drawn down on to
the slide, the larger particles first
and then, gradually. the smaller

Ones,
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Analytical
and RPD
ferrography
identify
wear
modes.

Ome might think that this tech-

migue had a significant drawback -

that non-ferrous wear metal such
as aluminium, bronze and while
metal would not be captured on a
ferrogram, and neither would con-
taminants such as dirt, metal
oxides. corrosion and oil
degradation by-products.
Fortunately this 1s not the case,
for two reasons:

I. In almost every mechanical
system, iron is the major wear-
ing element and this ferrous
debris impacts on non-ferrous
material so that it too is

gram. il it is present in significant
quantities in the oil. it will be
detected, providing further valu-
able information,

Ferrography. as a techmque lor the

characterisation of wear debris in
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RPD
ferrography
is the
method
preferred
by
Wearcheck.

lubricated components, was
developed hy Westcott and Bowen
in the United States in the early
197(rs. At the same time as this
work was being carried out to
develop the ferrograph. a different
group at the Swansea Tribology
Centre, part of the University of
Swansea in Wales, was develop-
ing the Rotary Particle Depositor
(RPD} ferrograph.

RPD ferrography

RPD ferrography is the method
preferred by Wearcheck. As its
name suggests, in RPD ferrogra-
phy a small sample of oil is
deposited on a rotating substrate
(or slide) and the wear debris is
separated by magnetic ficlds and
flow decay. The PQ was also
developed by the Swansea
Tribology Centre and can be used
as a screening lest in order to
determine if RPD ferrography is
required. High SOAP readings
such as iron, chrome. nickel and
manganese can also be used.

A sample delivery pipette is used
to take a sample of the oil needing
to be analysed. The pipette is
slowly depressed by hand to cause
the oil to Tow onto the centre of
the rotating substrate which is a
small, thin, square glass slide.
Below the slide are two circular
magnets which cause two circular
fields of magnetic flux. As the oil
slowly flows on to the rotating
shde, ferrous debris is deposited,
large particles first and then the
smaller particles in three coneen-

tric rings on the glass slide, The
slide 15 then rinsed with a
solvent/fixative and can then be
examined with a powerful micro-
scope.

There are a number of advantages
to using the RPD rather than the
traditional ferrograph:

1. The basic instrumentation to
produce the ferrogram is a lot
cheaper and is slightly quicker.

2. The sample is placed onto the
substrate by hand rather than by
a pump which has the potential
tor breaking larger particles into
smaller ones.

3. Tt is more effective at extracting
wear debris from the oil.

4. It separates the debris into three
distinet bands based on size.

5. Layering is far less of a prob-
lem.

Layering occurs in ferrography
because of flow decay which
means that the largest particles are
deposited first and the smaller
ones later. It is generally the large
(active) wear particles that are ol
mterest and these can be obscured
by smaller (benign rubbing) wear
particles lying over them. RPD
ferrography allows the wear debris
Lo be separated by size and laid
down over a larger arca than in
traditional ferrography. Although
this does not totally eliminate lay-
ering, it greatly reduces its effect.

This method also allows a mean-
ingful ferrogram to be produced
on heavily contaminated samples.




The cost

of
ferrography
is easily
justified

for

fixed plant.

even though a dilution factor of
50:1 or even 1000:1 may have to
be used, enabling the wear modes
to be identified.

Applications

RPD ferrography can be per-
formed on samples from any oil-
wetted component (grease can
also be analysed in the same
way). Like traditional SOAP anal-
ysis, RPD ferrography is not an
exact science and cannot be gov-
erned by a simple set of rules. As
it cannot be automated. 15 both
labour-intensive and time-con-
suming, and requires a high
degree of skill and experience to
mterpret the results, this technigue
1s more expensive than traditional

o1l analysis.

1t tends to be less popular with
owners ol mobile equipment like
buses, trucks and bulldozers. than
it is with the industrial (fixed
plant) sector because of the cost
factor. Many bus. haulage or con-
struction companies have no prob-
lem justifying the cost of regular
SOAP analysis as part of their
maintenance programme, but are
generally less inclined to justify
the increased cost of ferrography
except in unusual or critical cir-
cumstances.

It is certainly easier to justify the
cost of ferrography in a tixed
plant environment. Earthmoving
cquipment can be as expensive as
fixed plant but the impact of
downtime is far greater for a pro-

duction line - often running into
millions of rand - than it is fora
front end loader. In this sort of sit-
uation the cost of an RPD ferro-
gram is insignificant.

However, the increased cost of
ferrography can be justified in the
mobile sector too, even though the
savings might not be as dramatic
as in factory applications. With
the cost of equipment and labour
today. an engine, gearbox or trans-
mission saved through ferrogra-
phy can still represent massive
financial benefits at relatively low
cost.

Setting-up

Setting up an industrial oil analy-
sis and ferrographic programme
requires certain basic steps.

A factory or workshop that
already has a well-organised and
established maintenance pro-
gramme is best suited to these
kinds of maintenance technigues.
This is vital, because oil analysis
cannot be used as a stand-alone
ool - it must be integrated into an
existing condition monitoring sys-
tem. Ideally the factory should
also have an established vibration
MONIOTING programme.

It is advisable for the oil analysis
company Lo make a presentation
to the lactory management.,
including the general manager and
financial manger as well as the
maintenance and engineering

managers. Here case studies can




Poor
sampling
technique
is the most
common
cause of
incorrect
diagnosis.

be presented detailing the cost
savings attainable and what the
cost of the service will be to the
factory. IT the factory is agreeable
and has the budget, then an oil
and ferrographic analysis pro-
aramme can be instituted.

The plant must be surveved by the
person responsible for interpreting
the ferrograms, as valuable infor-
mation about operating conditions
can be obtained in this way. Ttems
of plant should be graded as
either:

Class 1: safety (it it breaks down,
life or property are at risk)

Class 2: critical (if it breaks
down, production will be
atfected)

Class 3: non-critical (if it breaks
down, there will he little
or no elfect).

It is also important that the names,
mikes and models of the plant are
established and are correct. The
easiest way to do this is to use the
company or plant asset number
and link this to a fixed description
on a data base.

All class I and 2 itemns of plant
should be sampled. The sampling
frequency will have to be deter-
mined on the basis of operating
conditions and production needs.
Ideally all class 1 and 2 compo-
nents should have a SOAP analy-
sis once a month, with an RPD
ferrogram every three months,
Class 3 components should have a
SOAP analysis once or twice a

year. if at all. In certain situations
breakdown maintenance can still
be the most cost-effective option.

As with all *off-line” sampling
techniques, it is critically impor-
tant that the oil sample is repre-
sentative of the oil circulating in
the component. Poor sampling
technique is the most common
cause ol incorrect diagnosis (the
second most common cause is
lack of complete information
about the unit). In an industrial
(Tactory) environment, depending
on circumstances. the oil analysis
company should take the oil sam-
ples. This will ensure that *good”
samples are taken and if a *good’
sample cannot be taken. the rea-
sons for a non-representative sam-
ple will be known and these luc-
tors can be taken into considera-
tion when a diagnosis is made.

Al the outset, an RPD ferrogram

should be made on all units to be
sampled so that a base line can be
established,

At Wearcheck. a report is generat-
ed after producing and interpreting
a ferrogram. This contains a writ-
ten diagnosis detailing:

® the health of the machine

B the health of the oil

B the level of contaminants

B what problems may exist

B what corrective action should
be taken.

The various wear modes and types
of particles (cutting. sliding.




RPD
ferrography
offers
major
benefits.

Eelicity | loweden Pablic Relptione 10097

L
Ll
=
L]

"
[ ]

Ll
.f
L]

.h-h- ’&-'-
L -.

Wearcheck lab assistant Ravi Chetty
conducts an RPD ferrogram.

spalls, etc.) are graded subjective-
ly: O=none, 1=light, 2=moderale
and 3=heavy: and the values are
displayed graphically. The report
also contains a photograph of the
magnified wear debris produced
on Wearcheck's sophisticated
flexible image processing system
(FIPS} which also stores the
image on computer for compari-
son when the next RPD ferrogram

15 produced.

Wearcheck views RPD lerro-
graphy as an increasingly impor-
tant element of its oil analysis
programme. oflering major bene-
fits for companies in both the
industrial and mobile sectors.

For more tnformation visit
Wearcheck's Internet web site or
coptact the customer service

depariment.

Partness im Mablishing

A photograph of magnified wear debris
produced by Wearcheck's FIPS.

Produced by Wearcheck Africa.

KWAZULU-NATAL

9 Le Muans Place, YWestmead

PO Box 15108, Westmead, 3605,
Tel: (031} T00-5461)
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E-mail: support@wearcheck.co.sa
GALUTENG

25 San Croy, Die Agora Road
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Why do ferrography?

Money! Machinery is expensive.
Research has shown that repairing a
failed companent will, on averuge,
cost you 30% more than if the com-
ponent was attended to before failure,
And this does not take into account
production lost during unplanned
downtime.

Ferrography is an extra tool in the
maintenance engineer’s wolbox, 1
can help detect faults before wear
becomes o significant. It will help
vou decide whether an overhaul is
actually needed, and whether it needs
to be done now or later. It can also
tell which part of the component
needs attention when you open it up.

When should I do a ferrogram?

The spectrometric analysis for a com-
ponent could be abnormal, vet there
15 no apparent cause of the wear such
as dirt or water. The diagnostician
may feel that the diagnosis would be
enhanced by a ferragraphic analysis.
and would recommend one. This is
particularly important in a situation
where dismantling may be an option.
The [errographic analysis could
reveal that an overhaul may be pre-
miature - perhaps the machine was
wearing ‘more” as opposed to “abnor-
mally” - it may have been working in
muddy conditions at full load, but
essentially nothing was wrong.

Some maintenance engineers also
like to perform a ferrogram at regular
intervals like at a major service, As
well as providing peace of mind,
these ferrograms back up and compli-
ment regular oil analvsis.,

How do 1 go about having a lerro-
gram done?

Wearcheck offers two wavs of order-
ing a ferrogram.

#* A ferrographic analysis kit. This is
a standard oil sample bottle which
1% sent in the normal way. A ferro-
gram is done from the oil, however
no standard spectrometric oil analy-
sis is done on the sample.

#® Upgrade cards. These pre-paid
cards are purchased and kept in
stock. Upon recommendation from
a diagnostician or at the customer’s
discretion, one of these cards is
faxed through to Wearcheck, A
standard oil sample which is
already in Wearcheck's possession
15 then ‘upgraded’ 1o ferrogram
status. A ferrogram is performed
on that sample and the results are
added to the standard oil analysis
results. A single diagnosis, incor-
porating both the SOA and the fer-
rography, is made. Each upgrade
cird may be used only once,

On which compuonents can lerros-
raphy be performed?

Any component can have terrograph-
ic analysis performed on it.
Ferrography is especially suited to
gear and/or roller bearing systems.
Components such as differentials.
final drive hubs and gearboxes (both
antomotive and industrial) are most
commonly analysed.

Where does ferrography [l into the
overall oil analysis picture?

Ferrography is an additional test car-
ried out on request to complement
standard oil analvsis,

Please see reverse side for maore infor-
mation and a diagram of the ipgrade
card.
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OIL ANALYSIS TO RPD-FERROGRAM
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This card mav only be used snce.

The new upgrade card has been designed for easy faxing.

Conventional spectrometric oil analy-
sis (SOAY measures the concentration
of an element, say iron. in a sample
of vil. Tt is from the conceniration of
iron, not the actual particles that the
statement of wear 15 produced. Whilst
SOA 1s obviously very useful. there
are two limitations:

# The size of particle that is picked
up by the spectromeler is limited (o
a maximum of about 10 microns,
and

# the spectrometer gives no indica-
tion of the morphology, or form. of
the wear particles.

In a normal situation, wear particles
are small in size (less than 10
microns). These are detected by the
spectrometer. Bul in some abnormal
wear modes, only large particles are
generated which the spectrometer
cannot detect, Wearcheck is oflen
asked why urgent action is recomm-
mended, when in fact the readings
have dropped.

Spectrometey’s first limitation is
somewhal offset by other (ests per-

ormed, 1e. the microscopic particle

examinalion (MPE) and the particle
guantification (PQ). Bul there is no
wity of ascertdining the form of the
wear particles without performing i
ferrogram, so a ferrogram combined
with SOA gives a holistic picture of
the state of vour component.

Are there any other aspects of the
machine which ferrography can
detect?

Yes. In addition o ascertaining the
wear mode of the component,
ferrography can detect other things
too:

# Discoloration of the particles indi-
cates overheating.

# Corrosion (rust) particles are obvi-
5,

@ Black oxides indicate lubrication is
mnsulMcient.

For more information, telephone Wearcheck’s diagnostics department on
(031) 700-5460, or e-mail us al diagnostics @ wearcheck.co.za. Also see the
Wearcheck Web Site at hup/fwww wearcheck coza In particular, see “Analysis

Options” under “The Wearcheck Way'.




