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Lecture - 31
Monitoring and Maintenance of Processing Plant Equipment

Welcome students, we have discussed so far introduced number of things number of machines
number of systems then we also introduced that what is mineral processing and mineral
processing plants. So, today we will be discussing a little bit different that is we will be talking
about the maintenance and monitoring.

(Refer Slide Time: 00:41)

Monitoring and Maintenance of

Processing Plant Equipment

After going through this lesson you will be able to:

* Describe the maintenance systems followed in bulk material handling
* Carryout performance related studies of a mineral processing plant

So, after this class you should be able to describe the maintenance systems followed in a bulk
material handling particularly in the mineral processing plants. We will be giving a just a bit
introduction of this mineral processing operations and we do not go to the main processing, hand
processing operations. But the handling before doing those mineral processing then carry out

performance related studies of a mineral processing plant.

Because the whole operation of a mineral beneficiation plant or a coal washery their job is to
handle a huge quantity of bulk solid material and then prepare it for the different processing jobs.

In doing so we introduce lot of machines you have heard of this, your receiving hopper, crusher,



screen then conveyors we have got this whole system may be having in your receiving section,

you will be having sticker reclaimer.

So, all these machines for their perfect operation they need to be maintained well because at the
time of designing the things are taken care of. But during operations if you are not taking care of
that what type of situation it can handle and then if a problem comes or it starts coming at that
time if you do not take timely action, systems can go wrong.
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Flowsheet of the Rio Tinto Brockman 2 processing plant in Western Australia
hitps'/www sciencedirect comiopics/engineenng/ore-treatment

So, that is why this is a very practical oriented things that you need to know. So, here two figures
are here | have just copied from net that is one is showing this side it is a picture of a iron ore
processing plant where they say openly they are keeping all this that iron ore from the mines,
how they are coming, they are crushed then they are washed then they are beneficiated to certain

extent.

The other one is showing in a your the schematic diagram for how that write into that big
company they are having in western Australia they are planned. It also shows that how that run
of mine material iron ore when it comes, they give to a that receiving hopper from there going to
a scalping screen and then they differentiate that their minus 30 and plus 30 sizes. And then they
go with a series of conveyor belts and they are taking up and then again there are closed loop as

well over open loop systems.



Ultimately, they bring that through the feeders they are bringing it to your another by conveyor
systems to a tripper to a stacker. So, that it is going and stacked over there and from there it is
dispatched by wagon loader and things like that. So, same thing is coming for the other product
also they are bringing it. So, they have got a stockyard and then they have got.

(Refer Slide Time: 04:07)

Nineral Processing Plant

¢ Recovers or extracts minerals through o range of processes, including comsinution,

Ba2iNg, qravity contentration, magnetic separaticn, and more,

* Involves machines and systems for comminution (particle size reduction which includes crushing and
grinding) to sizing (separation of particle sizes by screening or classification), concentration to
dewatering (sold/liquid separation),

* Requires machines slomgy with mechanical, electrical, civil and electzon

L0 be maintained,

Plant Maintenance

+ Application of best practices to Increase equipment up time
+ Avolding unplanned downtime

+ Ensunng production schedule

+ Protected people from injury

+ Protected machines and assets from damages or failure

+ Enhancing assel’s Wfe

+ Making products of the plant safe for the end-user

So, basically what is there in any mineral processing plant they do lot of activities that from the
surface layout as you have seen in the figure you know that where is what. And then you have
got this the main job of the processing plant that is say it will be bringing this thing that
concentration will be improved. You have learned those operations of handling operation like
comminutions, sizing then gravity concentration, magnetic separation those you study in your

mineral engineering classes.

But this whole system involves number of machines like size reduction machines you have got
different primary crusher, secondary crushers, tertiary crushers. They have got so many different
makes they make it then these machines have got various components. Components in the sense
there are the machine elements combined together for a common purpose to do that that is a

machine.



But for that machine may be having some of this your operating part that is where the energy is
given from one and to the another one to give some motions. That is wherever you are having the
working member the working member will be having a motion which is exactly being brought
from a source of energy. So, there is a different type of drive and then there would be either a

linear motion or there would be a rotary motion.

Wherever rotary motion things are there with a bearing it is having in linear motion so, there will
be having exactly sliding motion. So, these surfaces of different parts they are subjected to wear
and tear then there would be that is your in the drive sections in your transmission sections are
everywhere they may be subjected to some abuse because of the may be overload coming, may

be overheating coming.

So, under this condition you need to maintain it, maintain means every plant has got a life. So,
that means your plant will have to do say for 12 or 15 years. So, your equipment what you have
brought it should go up to there. You do not want to replace the whole unit but by that some of
the elements which are getting used more loaded more stressed they may have to be changed.

But then when but before changing certain actions can be done on it.

So, that we need not change and it will run up to this. Now while running it that means
sometimes you will have to give oil for the lubrications you will have to give well for the driving
power and sometimes you will have to do the cleaning and all operations. So, from the beginning
to the end the whole life cycle certain operations are done and the cost is there. You need to do a

plant maintenance. So, that the overall life cycle cost can be reduced.

So, that means if you do not maintain or if your maintenance means making a system or a
component to work to its desired conditions giving desired output consuming the specified
amount of input in the term of energy or manpower whatever it is. So, did if that is the thing as a
maintenance is to do it to go running it in a smoothly. Now what exactly it does that means if
you are doing maintaining well the machine will not be down or there will not be downtime of

the machine means machine is always up time.



And that one when you will be doing a little bit more studies of operation research or more
economics engineering economics will be getting a term call the machine must be available that
availability. After that once it is available that means machine if you put on that exactly to start it
will start, it is ready. But when it is ready it is supposed to give say a particular thing it is

supposed to take a in a scoop say 10 meter cube.

But it is giving in a scoop that only it can load the say only 7 meter cube because maybe inside
something has gone wrong or when it is stacking over there because of the vibration some
material spill that means ultimately the transferring is giving only say 60% or 70%. That means
along with your availability another important term which you will be coming into cross, you can

note it down that is called capacity utilization.

Now that your uptime can be maintained and downtime can be avoided and that capacity
utilization is enhanced. So, that your production schedule is maintained. If their capacity
utilization that is whatever its capacity to work if it cannot work up to that capacity that means
also your system is not well maintained. Then another thing is well it is a working and as per the

design is it is such that there will not be any untoward incident.

You maintain in such a way suppose you are having a machine it has got a walkway. Now that
walkway was having suppose some crack or by because a rock fell down and there was a damage
and then ultimately it was just some bolt not has gone out. Now if you do not repair it or if you
do not maintain it to keep it set it to again as it was originally someday somebody is leaning on

that as because it has already weak.

It fell and then the person may fell down after that from the walkway. So, that means you will
have to maintain to avoid injury. It may so happen, suppose your in a plant that where you are
walking by the side of the gearbox is there, at the time of filling oil into the gear box, some of the
well onto this walkway. And then you are just you left it (FL: From 10:37 to 10:39). But at that

time if somebody sleeps over there, he may fail he may crack his head.



So, that is why that by proper maintenance that means you will have to maintenance one job is to
be kept in a clean and then very perfect conditions. If it is not clean it may lead to your injury.
Then your machines, that is your asset, asset is anything which has been introduced into your
system for carrying out the operations for a profitable reason. Now this that asset may get

damaged, it may not be able to use it.

So, that is why by doing a maintenance you might have heard recently that there was a building
collapse in Delhi and many people died. That means that building has never looked into that
what type of problem may come and there were never a maintenance work was carried out
because in a maintenance one important word which is coming is monitoring. You maintain only

that is you monitor what is going on.

If it is that is strength, is it is okay that it is using in a proper way its performance are okay. That
monitoring is an integral part of maintenance whether you do your visual inspection and visual
monitoring or you do a instrumented inspection and instrumented monitoring. So, that is why
you exactly avoid the damages to your asset by properly and timely actions taken on it. The other

thing is enhancing the assets life.

That means if you properly do the things that asset can be used up to its total life. Otherwise, you
will have to do a premature failure and you will have to change it. Then one another thing is
there in whatever way you are working in your plant ultimately you are taking certain input and
then you are going to give an output. Now that output should be safer. Now in some of the plan it

may happen that exactly in the processing.

If your things are too as a when you are producing at that time if you are where you should create
some particular size of lump but how what it is doing. It is producing more powder because the
machine exactly do a lot of vibrations over there. When it was preparing say some pellets that
pellets crash and then lot of. So, in the end user when he is receiving then it may give lot of dust

at his environment which can be injurious to the persons working over there.



So, that means by not properly maintaining your system you may give problem to the end user
also. So, | think it is enough | have said that what is maintenance and why in a plan that
maintenance is required is known to you.

(Refer Slide Time: 13:52)

TYPES OF PLANT MAINTENANCE

3. Prognostic Maintenance
1. Reactive Maintenance (Breakdown Maintenance) * Prognostic maintenance is the ability to
+ performs repairs on equipment only after it has broken down, know the condition of equipment, and to
+ save money In the short term, long term costs may go high plan and perform malntenance
through efficiency loss and premature failure accordingly before a critical failure.
2. Preventative Maintenance + predicts the future performance of a

utilizes timed intervals based on industry standards to maintain - component by assessing the extent of
equipment with the goal of preventing it from breaking down,  deviation or degradation of a system from
Involves systematic maintenance its expected normal operating conditions.
ensures routine task like cleaning, tightening, wear parts The sclence of prognostics is based on the
changing etc are in a timely fashion analysis of fallure modes, detection of
3, Predictive Maintenance early signs of wear and aging, and fau
determine the current condition of in-service equipment, conditions.
schedule a specific maintenance based on the equipment

conditions

promotes a safe work environment because your equipment I

continually monitored

reduces operating costs by 12-18% over time because

maintenance tasks are performed only when warranted,

Then what type of strategy will be taking that in your plant that how you will do the
maintenance. That depending on that there are different type of maintenance system. Sometimes
we say what are the different types of maintenance system or sometime we tell that what is the
strategy of maintenance? One thing is our reactive maintenance sometimes we say it is a

breakdown maintenance.

We do not do anything anytime; you perform repairs when the equipment only when it fails
down. Example is you never looked into that what is the condition of your bicycle chain you
many a times do not see also the that conditions whether that exactly how smoothly the bearings
of the cycle is working you never oil it. And when you see that lot of cracking sound is coming

or when you find that the chain is getting slipping while you are riding.

At that time, you go and take some maintenance on your bicycle. There that was but some people
are there they will do a preventive maintenance. So, that before any failure comes, he will look

into it every day you will be doing your putting oil into the machine then he will be just seeing



that things go smoothly. He will be seeing that weather yes ok that the you will check whether

the even a bicycle the chain is having any slack that is.

Or whether that your back rear side rear will need to be pushed little bit so that the bicycle chain
tension is proper. So, that is a maintenance, that means in your reactive maintenance or
breakdown maintenance you do not spend your time, you do not invest your time. You do not
invest in buying some oil and putting it over there. By that you are saying ok your cost of

operation your cost of using or having that machine is very less.

It may so happen that when if it does not break fine but if it breaks then when you cannot go you
cannot in a bicycle case your bicycle chain is falling down you cannot go on time into your class
or sometimes while putting the chain up you will be breaking all the black spots on your face.
So, that is exactly the cost, ultimately it may be very costlier. Though immediately by doing a

breakdown maintenance you can save some money.

Your crusher you do not stop thinking that have a maintenance (FL: From 16:28 to 16:29) this
whole stressing plant will be running. But after sometimes when certain if the bearing or that
your toggle. You might have seen the toggle where it is moving with there is a bearing. If that
bearing has failed then what will happen then for you were not stopping every the two hours for
maintenance then maybe the whole shift will go in repairing it.

So, in that way you will be incurring heavy loss that is the problem with the breakdown
maintenance or reactive maintenance. In the preventive maintenance they though systematic
maintenance and how are they do? They do a routine task, there will be a checklist that is why
preventive maintenance sometimes called checklist also. So, if you are having in a conveyor belt

drive in the conveyor belt you know that means your exactly you need to check every day.

If any motor is getting heated or if it is any abnormal sound is coming whether there is the
vibration is coming additionally whether the tension of the belt is ok whether there is a belt is not

slipping all those things are monitored. And then you just stop for doing that cleaning. If there is



any that is your material is going to the return belt over that crown pulley if that when the pulley

any material is getting trapped between the conveyor and the end pulley you remove it.

Below the conveyor if materials have got piled up remove it and put it clean so that operations
can be doing all. So, that way your preventive maintenance but then came another strategy called
predictive maintenance. In the predictive maintenance you do not stop all the time for doing all
these routine tests. There maybe it is already the notice tight but thing is that you will have to go
and check whether it is not as tight or not that type of preventive maintenance you do not do.

Instead, what you do? You just where there is a if the knot is loose then that particular part will
vibrate you keep a sensor over there and then you keep monitoring that how the vibration is
coming. Then what they will do? They will find ok and only this bolt there is a maybe by
tomorrow or after tomorrow it may become more loose. So, when they have started a trend of

getting loose at that time you go and just tight that one.

By that you will be just for the time of maintenance; which earlier you are having say two hours
a day you are stopping it. Now you can stop it only for half an hour maybe some of this little bit
of checking and all then your machine will be running. So, every day if you increase one hour
production time is increased and if a conveyor belt is having a carrying capacity say 5000 ton per
hour. That means in a month 30 days about your 150000 ton will be produced additional.

So, you can think of how it will be leading to the productivity by bringing instead of preventive
maintenance you go for the predictive maintenance. And in that the overall cost is reduced and it
will be your systems are all the time being monitored. Thing is in the preventive maintenance
you stopped only for the two hours and you are going checking each and everything whether it is

ok or not.

But when the operation is going on at that time also in a predictive system you are being
monitoring. So, now it is the operator has got only two eyes but now you have taken sensors of

hundreds of eyes can be kept over there on the monitor and the conveyor belt to run it. So, this is



what is called your predictive maintenance. So, you can define that is your breakdown

maintenance is running up to the failure you do not do anything when fail you repair it.

Preventive maintenance is exactly you make a checklist and routinely you check and do it for so
that your any failure can be prevented, premature failure can be prevented. But in the predictive
maintenance they will be monitoring and on the basis of the monitored data they will estimate
that when which maintenance is to be carried out and where there is a impending danger. Now
this is another thing is they are called nowadays this predictive maintenance.

Or it is condition based maintenance monitoring things were there. Now this terminology that is
used often is called prognostic maintenance. That is where the condition of the equipment can be
known and you can plan the perform and the perform according to a criteria critical failure. So,
that means you are allowing certain things to happen as observed. So, it predicts a future

performance.

In a normally in a predicted maintenance, you are seeing that no failure will take place. But here
in a prognostic you will ensure that if | operate in this way all that things say after one month
also it will be giving me this much of production. So, that is where exactly the prognostic
maintenance has got more intensive monitoring. And this prognostic science it is exactly

develops what are the failure mode in which way the system can be failing.

Or that what type of exactly that how the bear and aging under what type of fault conditions may
arrive. So, this is you will have to be intelligent now to read the language of the machine that
how it cries in pain, how it smiles in its good that expertise you will have to develop. Any
maintenance engineer who has got this prognostic maintenance or this even that condition based

maintenance they have got a direct exactly language they understand the language of each other.

The maintenance engineer knows if by his method of testing that this is the way the machine is
speaking.
(Refer Slide Time: 23:01)



TYPES OF MAINTENANCE

Breakdown maintenance
* On occurrence of a breakdown or failure.

steps:

* localization isolation

+ disassembly interchange

* re-assemble change of spares
+ adjustments alignment

+ balancing checkouts

Now for that what you need to know you will have to now you know the types of maintenance. If
it is a breakdown maintenance on occurrence of the breakdown only failure they will be doing.
What they do? They will have to know localization that means where that pillar come this
assembly that item will have to be separated and do then reassemble then during that time, they

will adjust the things they will see the balance.

Sometimes they will separate out isolate something. Sometimes some item can be changed from
here to here. You might have seen that tire change (FL: From 23:33 to 23:37). You can
interchange some of the things, change of spheres you can get it from another machines were
also you have the kara Burra you can fit it over there, you align look into the align. So, that the
things are working in the balance.

(Refer Slide Time: 23:50)



TYPES OF MAINTENANCE

Planned maintenance
Toorpas || Passd Powed | ponte || Pt

* analysis of the past breakdowns and 4 Ay || S | oo
subsequent recommendations.

Provestive
Preventive Maintenance
* all maintenance performed in order | " s
to prevent a failure, or to detect a
failure early. | [
Chean, L beicaty, Ondine Dynami
Replace
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So, this is the way how exactly the things are done. So, as we have said already that their types
of maintenance are either a planned maintenance or a preventive maintenance. In the planned
maintenance we can plan the routine or the checklist for breakdown or plan and preventive under
these three category and here you can go on seeing that in the preventive it can be a periodic

preventive, it can a predictive preventive.

It can be clean lubricate and replace job is done, oil line dynamic is done, replace critical parts,
stop job static like that you use your some of this terminology you need to learn to put and this
will be your specific to a machine or specific to a system which will be varying.

(Refer Slide Time: 24:38)

For every failure go to the root cause to build a Iogic tree

Example Problem : A hydraulic cylinder does not operate smoothly
WHY 1: Why is It that the cylinder don't operate smoothly ?
Strainer wos clogged '
WHY 2: Why is the strainer clogged ?
0il was dirty
WHY 3: Why s the oll dirty ?
Dirt enter the tank
WHY 4: Why did the dirt enter the tank ?
Upper plate in the tank had a hole and gap - Physical Cause
WHY 5 : Why was there hole and gap in the tank ?
Repoair error during maintenance work - Human Cause
WHY 6: Why was there repair error?

No procedure to follow - Latent Couse




But say once a problem comes you should go for asking questions that how the machine is
speaking. The machine will be demonstrating something it is if the engineer’s observation skill is
not developed. If it does not know the science or chemistry or the exactly how the work energy
and power is related over their machine then he will fail to understand the language of the

machine.

So, but before going to what are those languages those are the techniques by which you will be
sensing the condition of the machine that is also a part of it. But before that when any problem
comes say for example in your system and so whether it is a reclaimer whether it is your some of
this your vibrator. Vibrating machines you may use a hydraulic cylinder and what is there in a

hydraulic cylinder the piston should give a linear motion properly.

If it is not happening you can ask us the question why? Why is the cylinder do not operate
smoothly? Maybe that is inside the cylinder some dust particle has come that means the strainer
was clogged somebody may tell. Then you will be asking why the strainer is clogged. It is
normally it should not be clogging that means there are some strainer has got some strainer is a

screen you have learned that in the screen different messages are there.

So, there your if somebody will tell your oil is dirty. Then your question will be why oil is dirty
because that enter into the tank that means your oil was there in a tank it was moving all along
through the pipe but then why this oil is again becoming dirty that means it has got something
that were from. Why did the dirt enter the tank? Your tank is shield inside that no dirt should

come. So, there could be things now you need to check what are the possibility there.

That means in the tank if there is any upper cover or there is any seal or there is any gasket need
to check that the physical cause or there could be other things also that while when it is coming
through it is you need to see, where it has interacted that oil? Which are the portion it has
lubricated. In that portion if the bearing is moving over there whether the dust or dirt particle are

getting coming from the different parts inside the machine.



Then if you have found that there was a hole in the gap of that one cause if you have found. Ask
another question why was there a whole gap in the tank? Then if it is there then you will have to
say repair and during the maintenance work. You have got now a job to be done in maintenance.
Then first thing is that sometimes say ok that person who was doing the repair at that time itself
it did not fit properly that is why.

Then you will be asking, why was there a repair error? That is again you will find that the person
who was doing or he did not follow the rule. He did not follow the procedure. Look into the
procedure whether it is stipulated or not properly, what to do? Are you understanding? That
means in a maintenance of a system comes when you will be putting your questions properly you
will be entering into where and this is a investigative technique all the maintenance engineer do.
(Refer Slide Time: 28:13)

Predictive maintenance is the monitoring of equipment operating conditions to detect any
slgns of wear leading to a fallure of a component.

v The goal of the predictive maintenance program is to track the component wear with a
methodology that insures that any impending failure is detected al its early stages based
on key indicators

v Within the equipment operating dynamics, we may find the key indicators to use
+ Ultrasonic

Vibration analysis

Oll analysis

Lubricant condition

Wear particles

Learning Activity:
Prepare a short document explaining how ultrasonic, vibration analysis, oll analysss,

1t conditions and wear particie can be used as key Indicator for predective

So, the predictive maintenance of that monitor it will have to detect the signs of bear that is
leading to the failure of a component. If any component is failing that it will be there. So, that
means if the component is failing because of bear or anything, how will you know? That means
if the machine is malfunctioning if there is a problem coming your bearing is there is a bear is

taking place the bear that is you know bearing.

I think in your second-year classes you have studied about that wherever a soft is there either a
ball bearing or a taper roller bearing or a roller bearing spherical bearing different type of bearing



is there. And then maybe there is a hydrodynamic bearing whatever it is that. Bearing when it is
there it its job is to get the taser almost that reduce friction and the shaft is rotating inside the

bearing.

Now if there is a bear what will happen there will be a different type of sound will be coming? It
can become hot; it will become heat and all that thing. So, you will have to get some key
indicator that means where any malfunction or failure is there how you need to know. Now there
are certain tools like you will be saying that language of the just a doctor they test these things

with a stethoscope you have seen. They have got the thermometer.

Similarly, your as an engineer if you are maintaining if your machine is having a disease if the
machine is ailing you will have to also have your thermometer you will have to say you heard
there nowadays they put a catheter inside and they take the image of your in the things. Same
thing you know that is called a horoscope you will be using your gearbox oil whether there is a it
is oil is dirty or properly doing, sand one tube with the optical fibre tube with there take
illuminate it take a scan and then find it out.

So, like that in the gearbox you can enter into and see over there. Similarly, you can put
ultrasonic that is your high frequency your acoustic waves are just taken out from there and you
can find out how it is working. Vibration is done that your oil, oil is a heart of a any machine just
like our in our body we have got the blood. If in a big machine when the stacker reclaimer there

you will find there is a lubricating oil.

Because there are so many if you take a bucket will reclaimer that whole thing is just swinging.
We talked about it is swinging that means it is having standing on a bearing. You have seen the
bucket wheel swing moving your conveyor belt is moving wherever is moving there are lot of
your rotating parts are there. Everywhere you will have to do the lubrication that lubrication oil
that is why in the machine there will be a tank.

And from there automatically exact amount of oil will have to go over there. So, that is why in

any machine that oil and hydraulic oil and the hydraulic circuit is very important. Now that oil if



it is having any problem then your machine will be problem just like your blood. So, you need to
do your anything doctor ask you give a blood test you go to a maintenance engineer you say.

What is the well oil contaminant cycle (FL: From 31:41 to 31:43) pollution.

They will start this oil analysis. From the oil they will find if engine oil you might have heard in
the engine oil if lot of debris are coming means inside that engine your car engine when there
that your fuel is getting burnt. At that time, you have seen you have studied your two stroke and
four stroke engines there. When it is inside the inside the cylinder when the piston is moving if

that oil is having this contaminant, then if a molybdenum is coming that means you will know.

That means there is a on the liner that is a liner is getting damaged. Then if the liner is damaged
then what will happen that you will not get the fuel properly burnt. You may find that exactly
your fuel you have given. But thing is that air is insufficient or air is more and then this your the
combustion is not taking properly, lot of engine problem will be coming over there. So, that oil

can tell you about the condition of your engine.

So, here one learning activity for you. Prepare a short document explaining how ultrasonic,
vibration analysis, oil analysis, lubricant conditions and bear particle can be used as a key
indicator for predictive maintenance.

(Refer Slide Time: 32:55)

Rellability Centered Maintenance (RCM)

|
v Reliability Centered Maintenance is an evolutionary !
approach to equipment rekiability, i
¥ It focuses on the optimization of the preventive and |
predictive maintenance programs o increase
equipment efficiency, as
*Uptime
*Performance
«Quality
.Wwhile, minimizing the related maintenance costs

Source of figure: hitp://www.martechnicitd.com/ReliabilityCenteredMaintenance.php




Then you will find that your reliability centred maintenance is another that is you calculate the
reliability whether this is exactly it will give it our that up time performance and quality will be
reliably will get it or not. For that they calculate the statistics of the this whole machines. How it
is working? Different key indicator they do that is your that whether in a predictive maintenance

they will be calculating out whether the ultrasonic detection vibration detection.

All parameters they collect and on the basis of that current method they can calculate. If | want
to work in one month back; this machine will still give me the performance.
(Refer Slide Time: 33:40)

PLANT MAINTENANCE ASSESSMENT

\What do you need for predicting and planning the mechanical maintenance strategy for & mineral
processing plant? (Some critical points to be noted for your learning activity for competence bullding)

+ Total hours Worked: How to record working times of each and every subsystems

+ Hours ran since last serviced: Duration between breakdowns, time to repair for different types of
breakdowns,

+ Vibration analysls: Vibration in industrial equipment can be a symptom, or cause, of a problem, or it can be
assocloted with normal operation, Free or Natural, Forced and Damped Vibration

- | \
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o

Forced: body vibrates under the

Damped : amplitude
influence of external force pe 0

feduces abruptly with time

Now that is why the planned maintenance assessment it requires exactly what you need to know
what you are going to predict. So, some critical points to be noted for your learning activity for
competence building that how you do the prediction and that is your the maintenance strategy
you will have to study little bit. Then total hours worked, how to record working times of the
machine that is whether this is the type of performance it is they doing you will have to measure

time.

Then how much hours since last served you will have to monitor that means | have done a repair
after that again sometime it has failed. That from this time to this time how much time it has

taken. If between to repair the time is very long that means you are doing a good job. But if your



just you have repaired yesterday, today again it failed, tomorrow again it will that means after to

failure time is getting very short that means your maintenance is not proper.

So, like that things you will have to find out those data from that you can take a maintenance
decision. And to do that the vibration analysis and vibration study is there. Here again I will tell
that you may must be knowing that the different type of vibrations the force vibration, free
vibrations. If you take a spring and then they hold it will be start operating that is a free

vibrations.

Now if you keep a damper then your vibration starts and it will be damping down that is your
damp vibrations.
(Refer Slide Time: 35:20)
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Infrared Thermal Imaging

Now this vibration analysis is important. Similarly, the fluid | told you that fluid analysis will be
giving you a lot of that is your you need to know that lubricant and oil which are being used their
viscosity, their particle concentrations, how much foreign particles are coming over there, what
type of contaminations, what type of molecules have come over there, what is general cleanliness

level, how the machine is bearing takes place.

All different parameters are determined to do this fluid analysis. Then there is a thermal analysis

in which they monitor the temperature in a particular pump motor your steam traps etcetera in



different processing plants in your power plants, you will find this. There your mainly where the
temperature will be coming in the bearing portions. If that lubrication is not done properly

temperature will go high you keep on monitoring the temperature, then you can give that.

Nowadays what is done? They do the infrared that camera they take a thermal monitoring,
temperature monitoring when the machine is running you can put the sensors over there. They
will be all the time giving and then where it is heating up. And then you can find out if it is a
very critical things you are running with that motor and then you are seeing that yes temperature

is going high.

Here the insulation may fail, here your that whole motor may freeze when the bearing will be
getting damaged. At that time, you can stop some hazard and you can save your machine that is
your how the tomography and how this infrared cameras are put over there, infrared sensors are
there and take the total thermal image of the machines.

(Refer Slide Time: 37:05)

Condition Monitoring of Pumps in a Processing Plant

Combination of NOT techniques can be used for condition
monitoring of Pumps

Vibration Analysis will be used to detect:
+ Mechanical Induced Vibrations
+ System Induced Vibrations
+ Operationally Induced Vibrations |.e Cavitation

Apart from above alignment of pump loose or deformed base rall, soft foot,
mechanical looseness will also be checked.

Similarly, that you can find out you should study that how different pumps use in your mineral
process beneficiation plan.
(Refer Slide Time: 37:15)



Ultrasonic leak detection

Ultrasonic leak detector Is a high quality, user friendly, sensitive lastrument
enabling the detection of alt beaks by means of ultrasound, Leaks are caused by
hald fowing from a high pressure evironment to a low pressure environment,
creating turbulence, Tho turbulence generates high frequency sounds (so called
ultrasound) that can be detected

How the conveyor belts? how they are doing and many times you will find in a pneumatic
conveying or hydraulic circuit. If any leakage is there then you can do the ultrasonic leak
detector. What they do? If a leak is coming then from there because of when it is going at a very
high speed over there inside that air is going into that pipe you can get certain centre, high
frequency is also now monitored and that acoustic signal will give you what is the condition of
leak. So, leak detector is there.

(Refer Slide Time: 37:45)

Condition monitoring and expert system

So, like that a condition monitoring and expert system can be combined together to prescribe that
what should be done. And it is your job if you are interested now, we have studied different type

of your handling system in a crusher develop a flow chart for condition monitoring of a crusher.



Some of you can take up a condition monitoring of a screen, you can work for say what will

happen in an iron ore beneficiation plant.

Or what will be there in a rice mill whether your what type of that your condition monitoring will
be there for a conveyor belt installation. Whether that conveyor belt installation is in a food
processing plant or it is in a mineral. That basic thing should be same try to develop a flow chart
for this.

(Refer Slide Time: 38:31)

Instrumented monitoring of Processing Plant

All conveyors, crushers, vibrating screens and mobile material handling machines are
brough under surveslance monitoring for maintenance and safety.

There could be thousands of plant assets to be monitored, including process equipment,
electrical, IED (intelligent refays) instrumentation, automation, IT, control and mechanical
assets (Including interfacing with expert vibration monitoring systems)

Designing asset management integral to maintenance management is a challenge.

There Is need of Constantly creating and refining monitoring algorithms to all
kind of equipment from any supplier

So, that instrumented monitoring of the procession plan can be done by different type of
instruments that is electronics is coming in a big way sensors coming and from there how will
you develop exactly the controlling equipment and for knowing these things.

(Refer Slide Time: 38:49)



ASSET MANAGEMENT SOLUTION

It enables

+ monitoring of existing equipment data already available in control systems,

* integrating information from different expert condition monitoring systems (such
as vibration analysis) into a single platform with fully maintenance-
oriented dashboards and reports,

* Interface and information exchange for existing maintenance management
systems (CMMS),

+ being flexible and modular, lets evaluate the criticaly of the assets and make use
of existing good practices of RCM reliability, such as fasure tree , Failure Mode
and effects analysis

Itis accessible via Intranet or Internet, through wiring or wireless network

So, it can give to your asset management solution that ultimately your asset lives will be
improved. How your that computerized maintenance management systems are now developed. If
you go to the industrial things number of big companies, they say they will be giving such type
of systems computerized management, maintenance management systems are available. Very lot

of development of your artificial intelligence and data analytics are put into this.

And there are the opportunities where there are lot of start-up can work for serving this our
industry. So, you need to go visit plant see over there how the work is going on.

(Refer Slide Time: 39:32)
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+ Bloch HP, Geitner, FK., ‘Practical Machinery Management for process
plants-Machinery Failure Analysis and Troubleshooting”, Gulf Publishing
Company Book Division, Houston, Texas, 1983

+ Collacott R. A., “Mechanical Fault Diagnosis and Condition Monitoring”,

Chapman and Hall, London 1977

So, that is way you can develop your expertise in this maintenance management.



(Refer Slide Time: 39:36)

* The terminology used in plant maintenance are briefly discussed.
* Details studies of various tools and techniques are not covered.

So, | have just used, few terminology and general brief introductions has been given and detailed
studies of various tools and techniques are not covered here. But | will be | have started | have
given you the passwords and the link to the module page depending on your interest we can
bring out topic over there and we can do certain exercise in module which is our teaching

learning management systems.

| have given if you are interested join me there but still then we will be continuing these

discussions for our next class. Thank you very much.



