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The proposition of establishing how much maintenance is actually
required is very interesting and very complex. Logically, we cannot
reach decisions on "how much maintenance" without first establishing
the reasons why we have maintenance.

I would 1ike to review some thoughts on "reasons for maintenance"
that are pertinent to my subject "Predictive Maintenance",

about competition, Many companies have recognized a vital need to
decrease operating labor cost and at the same time do this with less
¢apital investment. In 4 sense, this statement ig paradoxical, but
it must be recognised that the effort to meet both objectives has
resulted in many significant changee in the design of our Plants and
Gonsequently the maintenance requirements. There has t.en & very
definite transition from independent positions and unit operations
to integrated continuous systens, "Pipeline” systems that are not
hew to refincries or some chexical plants have been adopted for many
other operations, Other chnnge; have included more extensive use
| of materials handling facilitiqs, control systems, and other labor-
saving devices. While sonme of these changes have reduced the
operating labdor requirements, they have changed both the maintenance
requirements and maintenance objectives,
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Other design changes made to minimize capital investment have also
changed maintenance requirements. In the past it was not unusual
to have spare units and storage facilities installed irn systems to
allow some shutdown of some units without production loss. At

this point in time they may be considered but not included.

These changes in plant design have introduced a need for both high
component roliability and high system availability to meet production
requirements and the predicted unit cost of the product. Therefors,
maintenance objectives must be closely related to a companf'n

objective #hich, to state it simply, is to earn a profit.

This profit objective has far reaching effects. The business
decisions that relate to manufacturs of a vroduct at a profit, along

with rlant design, establish t h e initial maintenance requirements.

While we may have a high regard for management and engineering
decisions, we also know that when a large number of decisions are
involved in the design of a large facility they are based on poor
to good data, rast sxperience, and opinions. We have to acecept the
maintenance requirements that result, dbut we should establish that
we have to accept them indefinitely as requirements.

We inherit some maintenance; in other cases, maintenance is created.
It can be created by preventive maintenance prograss, whieh have been
described as™he hallmark of modern rrogressive management®. Nany
years ago, we concluded that we should recognise the value and cost

of "an ounce of vrevention™ but we should also know how often vore-

ventive maintenance is necessary - or if it is necessary at all.
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S0, we have two conditions to consider - the maintenance that is
inherited and the maintenance that it is assumed is required.
Logically, if we can establish the cause and Justify the cost of
corrective action, elimination of maintenance work should be the
initial step, However, becaus¢ of the cost involved this may not
be feasible s0 the next ster in the logic should be to establish
what other courses of action should be considered. The question at
this point 1s "how can this be established?"

In review of preventive maintenance programs, we have found that

the frequency of overhauls Or reconditioning of equipment has often
been based on:

(1) Random failures that occurred. Random failures alone could be
small samrles on which to base decisions to do a conaidorabio amount

cf work year after year.

(2) Decisions based on visual, external inspection and opinions
regarding internal conditions, This, in some cases, could result
in dismantling of equirment that did not require attention,

(3) Decisions based on the very simple provosition that something

should be done periodically -. usually with the intervals neatly
arranged - three months, six months, one year, two years, three years.

Decisions on when maintenance should be undertaken have become more
diffieult to reach as changes from unit operation to integrated
Systems have occurred in the design of manufacturing facilities. -
With this change, - any maintenance - planned or unplanned - could have
eaatiéqribly more imoact on both the volure produced and eroduct cost,
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Even overhauls planned for, say, every year do not eliminate the
probability of a problem occurring during the next week, month

or year. Even more important, through dismantling and reaascmbiy
of equipment, we risk introducing problems through replacement of

components or poor workmanship.

With this background, I will now discuss predictive maintenance -
and, to define predictive maintenance simply, it is the sensing,
measuring, or monitoring of equipment to determine whether there
have been changes in the physical condition of tha equipment.

Through this approach, we have the prospect of reducing the frequency
of overhauls or periodic repairs without increasing the risk of
equipment failures and to substantially reduce both equipment

downtime and maintenance cost.,

Tae approach, in a way, is similar to that taken by medical doctors.
In many cases, periodical physical measuremﬁnta are made -- weight,
blood pressure, blood cell count and levels of vision and hearing.
Taeir objective - and the predictive maintehance objective - 15 not
necessarily to establish precise numbers uut to establish iﬁcthar

there have been any important changes in physical conditions. In

the plant situation, the use of sensing equipment and other devices,
along with a well-considered approach, will allow us to express
physical changes as numbers rather than opinions or other terms that
are not conclusive. (Refer to Figure 1) It will allow us to estadblis

nore certainly when maintenance is required; reduce the volume of

unnecessary preventive maintenance work; minimize the amount of
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unplanned or emergency situations by providing "lead time" for the
work; extend equipment and component service life by establishing
“hat the equipment is operating within acceptable limits. Increased
availadbility of process equipment can result from less equipment
downtime for either emergency repairs or planned preventive
maintenance. All these, to different degrees, can reduce the

maintenance cost for the product.,

In most manufacturing situations, as in the medical situation,
attention is necessary when there is a significant change in
physical conditions - n cceptable limit. To determine

when changes have occurred there is a wide selection of commercially
available sensing and measuring devices, but their use haa not been
exploited -~ to any great extent -- for this purpose. (Refer to
Figure 2) For vibration Deasurements, you may be familiar with
equipment available such as analyzers and amplitude meters. For
continuous monitoring of critical oquipmegt vibration levels there
now is a wide seiection of equipment with the capability of providing
AR alarm at a preset level of amplitude and to shut the monitored
squipment down at a higher level,

For deteraining temperature change, there are low cost heat-sensitive
ladbels and crayons that change color at different temperature levels,
contact-type electrical thermometers for periodic readings, or infrared |
redistion thermometers to measure surface temperature of rotating
units or surfaces at inaccessible points.
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For pressure or load measurements there is an array of strain gages,

1ond cells and similar devices.

Instruments are available to sense Or measure internal wear. Air

jet gages and noncontact electronic sensors are being used to measure
or monitor axial displacement resulting from wear, to measure changes
in clearance, or configuration of internal components. Magnetic
plugs that can be retracted for examination with equipment in
operation can provide information about separation of magnetic

. particles from components such as might result from spalling of

gear teeth, Recently, similar units for collection and monitoring

of nonmagnetic particles have been develored and are available.

For other conditions where the particles may not be contained,

either magnetic or nonmagnetic components can be exposed to &

radioactive source and the particleé traced.

External changes in alignment or relationship of components can
be established with ootical alignment aquipmont,noncont.actinz vick-

ups, air jet gages, dial indicators and other devices.

Rate of corrosion can be established with coupons, but there are
aveilable Corrosometers, Corraters for continuous monitoring of
corrosion rates, ultrasonic gages, portable x-ray ,cobalt capsules

and other radiocactive sources.

A change in physical conditions is the principal reason for mainte-
nance being required. When we examine these reasons we find a
ncause and effect” situation. A change in conditions occurs and --

too frequently -- efforts are directed towards correcting the effects.
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As I mentioned previously, a more satisfactory solution would be
to take care of the cause through corrective action, or corrective
maintenance, if the cost of doing it can be justified. When this

action cannot be justified then there are only two alternatives.
(Refer to Pigure 3)

Repairs maintenance - doing the work as it is required -~ or
preventive maintenance to overhaul units or replace components
before the need occurs., If data are not available, decisions feor
one course or the other, whether the equipment is critical or nen-
eritical, must be based on past experience or opinion. Either
decision on this basis could adversely affect both squipment
availability and maintenance cost.

Figure L shows what I consider to be the relationship of predictive
maintenance to the present practicas. If corrective maintenance
cannot be justified, then there is a good prospect that predictive
maintenance can establish when maintenance should be undertaken.
While we know what can be done to identify changes in physical
conditions, 1t‘ia nacessary to establish what conditions to measure,
select the most suitable equipment, develop criteria, and evaluate
results.

In 1962, I discussed this concept with one of our works engineers,
There was interest in evaluating this approach as there was the
prospect that the techniques developed could have application at N
many other plants in their department - and throughout our Company.

Arrangements were made for one of our engineers to work full time

with plant personnel oé a comprehensive study.




To date, we have collected considerable reference material and

have evaluated many sensing, measuring and monitoring devices.

In addition to development work within the Company, I have been
following an approach that can be classified as predictive
maintenance that is being done by a large midwest utility company.
At one of their generating stations their newer turbogenerators
have been in continuous operation for six to seven years, without
increased risk, under monitored and controlled conditions. They
tell me that,without risk, they can predict when overhauls or

even minor maintenance work will be necessary. Optical tooling,
used during installation of the equipment, is now for alignment

checksi all bearing temperatures are sensed and recorded, load

and vibration amplitude is measured at strategic points; internmal
wear, clearance and axial displacmonﬁ are measured continmniy.

In Mditieﬁ, the usual efficiency tests are performed periodically.
Alarms are provided to alert the operaﬁora if conditions should
ehange significantly. If thers should be radical changes, provisions
have besn made to shut the units down automatically.

In the future, it is not unrealistic to visualise the same appreoach
for identifying changes in the physical condition of critical equip-
wsent that we now have to indicate changes in orocess conditions.,
Mc‘ pimll in the manufacturing areas or central control rooms ;
could, cnd. 1 am quite sure, will bc considered for h'ldtelﬁ'icl‘ﬁ:l' .

measurement of changes in ohysical conditions.

i
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In the meantine, we rust know adbout how to sense and measure
changes -- to take care of the presemt situation and provide
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knowledge for future developments. Predicting when maintenance
is needed, either through periodic measurements oy monitoring,
oan become a very important part of any company's maintenance
operation. Properly organised, it can be one more important way

to reduce maintenance cost and contribute substantially to the
profit objestive,
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