MAINTENANCE IN ENGINEERING LABORATORIES
By

MACARIO P. CABRERA*

Introduction

The history of the existence of man has always been characterized
by the association of the ‘“‘needs” to survive, grow and develop and the
‘““means or tools’’ by which survival, growth and development were pos-
sible.

Since then, when he used primitive tools to make machines to
carry his loads, to draw him water, to till his land and to fabricate his
building materials, he has been faced with the necessity of maintaining
those assets until such time that he considered their useful life as ended.

In the nature of things, nothing man-made is indestructible but the
useful life can be extended by carrying out repairs at intervals by an
activity known as maintenance.

The function of carrying out maintenance is such an obvious neces-
sity that the subject has been taken for granted over the centuries, with-
out much thought being given to its importance in our everyday life or
to the constant effort involved.

But during the last thirty years, the impressive advances in engineer-
ing and scientific technology had brought into focus the need to extend
careful attention to the function of maintaining the complex and costly
assets that man is capable of producing.

Engineering laboratories too, with their outlay of training equipment
and machineries, has not been spared with this necessity of maintaining
their assets.

Issues on Engineering Laboratories

Analyzing the activities recurring in engineering laboratories or any
laboratory in general, the existence of a common factor which affects,
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in one way or another, the nature of such activities is noticeable. We
choose to identify this common factor as the bio-mechanical interac-
tion.

The ‘‘biological” portion of this interaction is composed of people
and comprises students, instructors and laboratory personnel, while the
““mechanical”’ part of it, consists of tools, equipment machineries, mate-
rials and procedures. The programming of laboratory maintenance is
being based on the fundamental needs to:

1. Ensure safety of personnel and students in using the training
facilities.

2. Generate activities directed towards the training, upgrading and
maintenance of laboratory personnel.

3. Establish and rationalize operational readiness which will com-
prise.

a) meeting the training objectives

b) meeting laboratory schedule of activities
c) provide equipment reliability

d) increase equipment effectively

e) optimize utilization of equipment.

4. Meet the environmental criteria for laboratories, instruments
and personnel which foster the learning process.

Among others:

a) Temperature — often, instruments need to be stored and
maintained in air-conditioned rooms, particularly calibrating devices.

b) Humidity — recommendations such as 68% RH for mecha-
nical equipment are commonly accepted as far as humidity is con-

cerned.

c) Dust — almost all equipment for laboratory purposes are
affected by dust. This can be prevented by a good physical design
of laboratory and excellent housekeeping.
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5. Assure, at all times, high level of performance of instruments,
in particular, their:

a) Accuracy — the need for an equipment to be fit for precise
measurements. Accuracy means keeping the established operational
standards, or the systematic activity of adjusting.

b) Calibration — the graduations of laboratory equipment, espe-
cially instruments utilizing masters or calibrating apparatuses which
are the basis of comparison in measuring or judging quantities, va-
lues, etc.

c) Storage — the availability of adequate storage furniture is
vital to any laboratory equipment.

d) Mobility — provide properly designed trays or carts for fast
moving and slow moving equipment. The fast moving equipment re-
fers to the tools, measuring instruments, power supplies, etc. which
the students and professors use very often during a conduct of prac-
tical activity in demonstrating or providing an engineering principle.

6. Set out operational and utilization procedures to extend the life
of equipment, taking into consideration the life-cycle cost and replace-
ment value of equipment.

The complex task and great responsibility of school administrators
and engineering deans to secure the excellent operational readiness of
engineering laboratories and to control the effectivity of knowledge and
skills transfer in laboratory activities, has always been regarded as one
of the most difficult operations to organize and manage. A new concept,
encompassing all the activities which take place in engineering labora-
tories, is therefore here introduced and discussed with the purpose of

systematically helping to meet the challenges posed by this complex
operation.

Terotechnology Concept of Maintenance

The concept of terotechnology is here introduced for the purpose
of providing a comprehensive approach to effective maintenance.

The word “terotechnology” itself stems from the Greek root “terein”
— “to look after’’, ‘“‘to guard over’’, ‘“‘to take care of”’.

The terotechnology “system” is purely independent of the hierarchy
of an organization in which it is intended to be applied and the size and
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complexity of the laboratory equipment or installation which it con-
trols. The fundamental principles of terotechnology can be applied, to a
greater or lesser extent, to any physical asset in any organization, no
matter what size or degree of complexity of either asset or organization.

Terotechnology is interdisciplinary in nature, i.e. applying it to a
typical laboratory, it embraces the aspect of how a particular laboratory
equipment can affect the people involved. An example can be shown
in the following chart:

People Effect of a Lab Equipment
— Student — Learning
— Instructor — Teaching Methodology
— Department Head — Logistics
— Dean - Overa.l.ll effectivity of the
learning process
— Director/President — Cost

The terotechnology concept is a combination of different functions,
namely:

— Financial
— Management
— Engineering

and other related practices, which can be applied to physical assets in
pursuit of economic life-cycle cost (Figure 1).

Terotechnology therefore, is concerned with:

Specifications Installations
Designs Commissioning
Provisions Maintenance
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Modifications Replacements
These activities can be applied to:

Schools/Universities/Colleges Building

Machinery Equipment (In this con-
text, laboratory
equipment)

Structure

and with feedback of information on:
Design
Performance

Cost

With the concept of terotechnology and a knowledge of the basic
principles of a good maintenance scheme, a means of interrelating these
two concepts has to be devised. A sound knowledge and active imple-
mentation of maintenance management would then be essential.

Maintenance Management

The term maintenance management can be defined as the ‘‘organi-
zation of maintenance within an agreed policy.” It is the responsibility
of the administrator of each university and college to lay down what
that agreed policy must be, as clearly as possible, and without ambi-
guity. A policy must be the acceptable condition of maintenance and
the laboratory engineer must be informed of this policy. The mainte-
nance group and other departments (Figure 2) should know their
respective responsibility based on this policy.

Essentially, maintenance management must include:

1. Setting objectives
2. Planning

3. Directing

4. Controlling

5. Appraising
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Setting Objectives

The principal objectives of maintenance can be set as follows:

a) Extension of the useful life of the laboratory equipment and
facilities. A particular importance is considered for developing coun-
tries like the Philippines, in view of the lack of capital resources for
instrument replacement. In developed countries, it is sometimes
feasible to “‘replace” rather than to “maintain’’.

b) Assurance of the optimum availability of installed equipment
and machinery.

c) Assurance of the operational readiness of all laboratory
equipment and/or facilities at all times.

d) Assurance of the safety of students, professors and other
personnel using the facilities.

Planning

The most successful maintenance management plans are invari-
ably those which are kept as simple as possible to administer, in-

volving the laboratory maintenance personnel in the minimum
amount of paperwork.

The planning of maintenance embodies such items as advanced
decision-making with regards to jobs to be done, methods to be
carried out, preparation of materials, acquiring of proper tools,

scheduling of laboratory equipment to be maintained, labour,
timing, and time requirements.

a) Preparation of Maintenance Schedule. A maintenance
schedule (Figure 3) must be prepared for every item of the labora-

tory equipment and machinery which, if decided, shall require the
application of planned preventive maintenance.

b) Job Planning. This is the establishment of what is to be
maintained in a certain laboratory. This will inv

of a facility register. The facility register will in
equipment and facilities to be maintained.

olve the preparation
dicate all laboratory

c) Job Specification. Job specification are the means — of com-

municating laboratory engineers’ requirements to laboratory tech-
nicians and tradesmen.
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Job specifications can be applied by drawing up a maintenance
programme and scheduling laboratory equipment and facilities to
be checked or inspected.

d) Maintenance Specifications. Maintenance work can be clas-
sified as:

(i) Unplanned Maintenance — A form of unplanned
maintenance is emergency maintenance, which is neces-
sary to put in hand immediately to avoid serious conse-
quences, for instance: hazards to students and profes-
sors in a laboratory.

(ii) Planned Maintenance — this type of maintenance
can be split up into two main activities (Figure 4):

® Preventive — the major part of preventive
maintenance involves inspections on the
basis of ‘‘look, feel, and listen.” This should
be supplemented by minor adjustments at
predetermined intervals and the replacement
of minor components found necessary as the
results of such inspections.

® Corrective — maintenance involves repairs,
usually of short-term planning that may crop
up between inspections, including planned
overhauls, the extent of which will have been
planned on a long-term basis as a result of
preventive inspections.

A weekly-planned preventive maintenance becomes necessary,
with a close collaboration among instructors and professors of every
department. A proper coordination between the laboratory engineer,
laboratory technicians and department heads for planned preventive
inspections and repairs is an absolute and essential basic require-

ment.
Directing Operations

One of the problems confronting our laboratory engineer and
the maintenance manager is that of communication. Effective
management relies on two-way communication, in our case between
the laboratory engineer, the instructors, department head, deans,
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his technical staff and the maintenance shop-floor supervisor
(Figure 5).

In laboratory equipment maintenance, the success is dependen't
upon people, their cooperation, and their enthusiasm for a method-
ical approach to their work.

Work methods and patterns should be designed by the labora-
tory engineer. Some forms are to be printed to release the tradesmen
from heavy write-ups and to have a uniform data gathering and
reporting (Figure 6).

The job instructions given by supervisors, whether verbally or
in writing, can so easily be interpreted differently by technicians
or tradesmen (Figure 7).

The feedback of information from a technician’s report of what
work he has done, for example, what defect was the cause of the
failure or breakdown, should be properly done by the person who
did the maintenance.

A clear explanation of the nature of job of the repair carried
out is essential information for management and supervision, to
enable them to retain control over maintenance operations.

Ensure always a feedback of meaningful information that will
enable management decisions to improve maintenance.

Controlling Maintenance

A successful control scheme for maintenance operations lies
in retaining simplicity. Only essential information are to be ana-
lyze in retaining on a routinary basis. A properly devised system or
control, can reap the full benefits which are envisaged during the

setting-up stage.
Essentials for controlling the maintenance operations are:

1) Establishment of systematic operational procedures for
routine inspections and analyses of maintenance work.

2) Good consideration of specific techniques (Figure 8).

Systematic operational procedures that are laid down from a
well-planned maintenance program shall depend on the routinary
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activities of the maintenance functions. On the part of the
managers/laboratory engineers, there should be systematic and
easily workable schemes of doing the maintenance task. Data entry
and reporting habits shall be emphasized.

5. Appraising Maintenance Operations

Regular appraisal and evaluation of maintenance operations
should be conducted by the maintenance manager in order to
determine the effective performance. The major areas subject to ap-
praisal are:

a) Personnel Performance — to determine efficiency rating
based on qualitative and quantitative values.

b) Operations Performance — to determine the viability of
the projected maintenance operations as against actual under-
takings.

¢) Quality Assurance — to ascertain the accuracy and re-
liability of the status of instruments.

d) Cost Control — to evaluate the validity of decision-making
on cost of repairs as against cost of replacement.

e) Data Retrieval — to establish the usefulness and validity
of the maintenance reports.

f) Development Plan — monitor the activities intended for
the manufacture and production of local training equipment and
modules.

Conclusion

The relevance of establishing and organizing an efficient maintenance
program for the upkeeping, improving and updating of training equip-
ment and laboratory personnel has become today a matter of survival
for an engineering school. The replacement costs of outmoded lab
equipment has become a very expensive exercise. It is high time that
engineering schools should be more realistic in organizing a small and
efficient R & D Center to design and manufacture training modules and
other type of technology software.

The validity of a good maintenance program is not proven only in
maintenance operations but particularly in the creativity and productiv-
ity output of the maintenance management team.

238



References

1. Corder, A.S., Maintenance Management Techniques, McGraw-
hill, 1976.

2. White, E.N., Maintenance Planning, Control and Documentation,
Gower Press, 1973.

239



	222
	223
	224
	225
	226
	227
	228
	229
	230
	231
	232
	233
	234
	235
	236
	237
	238
	239

