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The performance criteria of world-class manufac-
turing systems are requiring significant and rapid
changes in the design and delivery of maintenance for
plant systems and equipment. Operating requirements
of rapid changeover, short production lead times, and
zero levels of defects, disturbances, and failures are a
major challenge for maintenance. In Just-in-Time (JIT)
environments, production capacity availability is di-
rectly correlated with the level of equipment reliability
and maintenance. Maintenance is rapidly evolving as
a major contributor to the performance and profita-
bility of manufacturing systems. Estimates of mainte-
nance representing 10%-40% of production costs [2]
that continue to increase cannot be ignored in today’s
competitive markets.

This article describes an innovative, nontraditional
approach to plant maintenance that is complementary
with total quality management (TQM), JIT, total em-
ployee involvement (TEI), continuous performance
improvement (CPI), and other world-class strategies
already developed and successfully implemented. The
approach called total productive maintenance (TPM)
has the potential of providing almost a seamless in-
tegration of production and maintenance through de-
velopment of a strong partnership. Work cultures ori-
ented toward excellence, the presence of effective work
teams, and a basic maintenance management system
functioning reasonably well will enhance and accel-
erate TPM implementation. In contrast, having to de-
velop these operating conditions prior to and simul-
taneous with TPM will require a longer, more extensive
implementation. In this article the experience of a large
TPM implementation at Tennessee Eastman will be
the basis for defining why TPM is essential, what is
the essence of TPM, and how TPM can be successfully
introduced and sustained. The same principles will
apply for smaller organizations where the need for an

integrated approach to plant maintenance may be even
greater.

THE NEED FOR TPM

In the mid-1980s, Tennessee Eastman’s plant
maintenance division began searching for a different
and improved approach to maintenance. With ap-
proximately 1,200 maintenance personnel responsible
for supporting operations and facilities scattered over
a 3,600-acre site producing more than 300 chemicals,
plastics, and fibers, even a small improvement could
have a major effect. Overall, production and mainte-
nance were already operating more like a partnership
than typically exists. The state of maintenance man-
agement was satisfactory overall with planning and
scheduling, spare parts and stores inventory control,
preventive maintenance, a computerized maintenance
management system, and other programs developed
and functioning. There was an awareness at the plant
maintenance division level, however, that gaining
maintenance improvements of the type and depth re-
quired to support the company’s TQM program were
nearly impossible. Change had to occur.

For example, in the flow of work requests and jobs
performed for routine work, multiple organizational
levels were involved in review, approval, and execu-
tion which contributed to long lead times for repair,
excessive backlog, wasted capacity availability, and lost
profits. At a minimum, work requests involved an op-
erator, production and maintenance supervisors, and
a mechanic before a job was completed. Further, a
sense of equipment performance ownership by op-
erators, urgency of maintenance personnel to improve
time to repair, and a defined methodology for per-
manent improvements were missing.

6 PRODUCTION AND INVENTORY MANAGEMENT JOURNAL—Fourth Quarter, 1992

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In organizations with ineffective production and
maintenance relationships and maintenance technol-
ogies, the need for an approach like TPM is even
greater, but more preparatory work will be required.
JIT systems attempting to operate with a breakdown
maintenance (run-to-failure) mode are headed for
trouble. Since the early 1970s, Japanese manufacturers
have realized the importance of a nontraditional ap-
proach to plant maintenance by integrating production
and maintenance and applying maintenance technol-
ogies to improve equipment effectiveness. Emphases
on equipment effectiveness and product quality have
evolved together in Japan. Early experience with JIT
systems taught the Japanese that a breakdown
maintenance mode was incapable of supporting avail-
able requirements of critical equipment. Unlike the
“hard,” top-down approach to TPM in Japan, Kodak's
approach has been described as the ““soft,”” bottom-
up approach. In the latter approach, employees are
trained and empowered to be the instruments of
change.

In April 1986, Tennessee Eastman began a search
for a process that would fit its culture and motivate
people at all organizational levels [8]. The CLAIR ap-
proach, where operators Clean, Lube, Adjust, Inspect,
and Repair their equipment, had been tried earlier;
however, it was perceived as too dictatorial from
management. In the search for a new approach, op-
erators and mechanics were interviewed and asked
how to affect the desired changes. A TPM process
evolved that was formally developed and tried in three
areas of the plant. The pilot study was highly suc-
cessful.

TPM DEFINED

Total productive maintenance is a partnership ap-
proach among all organizational functions, but par-
ticularly between production and maintenance, for
continuous improvement of product quality, operation
efficiency, capacity assurance, and safety. Total, in
TPM, means total employee involvement, total equip-
ment effectiveness, and a total maintenance delivery
system. The crux of TPM is that production equipment
operators share the preventive maintenance efforts,
assist mechanics with repairs when equipment is
down, and, together, they work on equipment and
process improvements in team activities. Maintenance
personnel are still responsible for the tasks requiring
critical skills, and they assume a “’super mechanic” or
consultant role with operators.

During definition of TPM tasks at Tennessee East-
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man, it was found that 40% of the traditional mainte-
nance mechanic’s work could be done by another em-
ployee, such as an equipment operator, with minimal
training. Another 40% could be performed with ad-
ditional training, but still below the certified level. Only
20% of the maintenance tasks actually required a cer-
tified mechanic’s skills [7]. TPM, though, is substan-
tially more than shifting a percentage of the mainte-
nance tasks to the production function. Task transfers
are made, but the critical point is that equipment care
is placed with the owner of the equipment. Mainte-
nance craftpersons are also trained in certain tradi-
tional operator functions to facilitate repairs and pre-
ventions. The rationale for the change in division of
labor is that operators know their equipment better
than anyone. By frequent inspection, which consists
of looking, feeling, listening, smelling, and testing, they
can become masters of the way a piece of equipment
should operate and can quickly detect potential or
actual problems. As high as 75% of maintenance
problems can be prevented by operators at an early
stage [8].

TPM PREPARATION

Preparing for TPM implementation includes creat-
ing a favorable environment for effective change. TPM
is a significant cultural change; motivating individuals
to change from “that’s not my job”” to “this is what I
can do to help” will require major adjustments by ev-
eryone involved. Tennessee Eastman approached TPM
preparation by establishing an organization to plan,
oversee, and monitor preparation activities. It was
considered critical that everyone involved should get
first-hand information about the forthcoming changes,
how they would occur, and the scope of change. A
labor union was not a factor at Tennessee Eastman,
but if one is present that will be affected by TPM, it
is advisable to involve union leadership as soon as
possible in the planning stage.

At Tennessee Eastman, a central TPM staff group
was established to provide support and facilitation to
all the plant’s teams involved with TPM. The corporate
TPM “Champion” was a member of this group. The
team organization for implementing TPM is illustrated
in Figure 1 [5]. Change as drastic as TPM will generate
employee fears and concerns. A principal concern of
the maintenance mechanics and supervisors is job se-
curity, with the shift of maintenance tasks to operators.
At Tennessee Eastman there has been a conscientious
effort by top management to anticipate concerns which
will arise, and respond to them when they do. Over
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FIGURE 1: Team organization for implementing TPM

the course of preparing for TPM, management rec-
ognized and responded to 38 concerns of employee
relations that were addressed in an “up-front” manner.
Regarding job security, management stressed that TPM
would not eliminate jobs; jobs might be changed, but
people would not be eliminated [1]. Establishing and
maintaining two-way communication in a major effort
like TPM is essential.

Education is crucial to the success of TPM. American
manufacturing management, for many reasons, does
not understand maintenance [4]. Management must
be educated thoroughly because excellence in equip-
ment effectiveness depends on total management
commitment for the long term. In Japan, a two to three
day retreat dedicated exclusively to TPM training is
customary for top management planning to implement
TPM. Additional education and training activities in-
clude: maintenance personnel training operators to
perform routine preventive maintenance tasks, oper-
ators training mechanics on their equipment, problem
solving skills, and team building. Depending on the
state of maintenance operations, training may be re-
quired for planning and scheduling, predictive
maintenance, and additional basic maintenance tech-
nologies. At Tennessee Eastman each operator and

maintenance person involved in TPM, as a minimum,
was trained by a TPM leader in the approach and
methodology of TPM.

Early in the preparation phase, an audit is conducted
in the area(s) selected for initial implementation. At
Tennessee Eastman this activity is called an oppor-
tunity audit. The purpose of the audit is to assess the
current state of operations and maintenance according
to their potential for improvement, readiness for
change, interest in a new approach, and visibility of
success. What this means is that areas which have
antagonistic personnel, where there will be minimal
impact on bottom-line profitability, and where equip-
ment is extremely deteriorated will be passed over for
areas where better conditions exist.

Another important area of TPM preparation is the
establishment of a reward and recognition system.
Tennessee Eastman adopted an approach called per-
formance management as a means of building com-
mitment by positively reinforcing participants when
they attain important milestones. These achievements
may include: ‘

All personnel trained to perform TPM tasks
Cost reduction goals

TPM expansion goals (new tasks)

TPM task performance goals

Equipment uptime goals.

Reinforcement activities at Tennessee Eastman have
included luncheons for team members, presentation
of Failurebuster stickers, photo sessions with Kodak’s
race car, management washing employees’ automo-
biles, verbal praise, recognition notes, and area cele-
brations [7].

TPM IMPLEMENTATION

In January 1987, TPM was ready to start at Ten-
nessee Eastman. There was consensus that a close re-
view would be made one year into the implementation
to determine the future course of TPM. By April 1987,
three TPM teams had been launched; in May 1987,
TPM was perceived so successful by management that
a decision was made to let TPM evolve at its own
pace. As of late 1991, more than 120 TPM teams were
formed and functioning. Over 85% of the Tennessee
Eastman facility, involving more than 5,000 operators
and maintenance personnel, are now participating
in TPM.

A key feature of the implementation at Tennessee
Eastman has been the emphasis on continuous im-
provement of the production process through im-
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proved equipment reliability and maintainability. All
teams’ key result areas are defined in the context of
what maintenance means at Tennessee Eastman: ca-
pacity assurance upon demand to provide superior
customer service through zero-defect produced quality
with on-time delivery. Maintenance teams define their
mission, develop key result areas based on that mis-
sion, develop performance measures to track progress,
and implement improvements to eliminate variances
between targeted and actual performances. Mainte-
nance teams usually meet one to two hours weekly
for problem-solving activities.

Organizationally, implementation of TPM has re-
sulted in a zone approach to plant maintenance.
Maintenance personnel work with operators over a
zone of operations in a community approach to keep
equipment operating. Over 3,000 tasks have been
identified by production and maintenance personnel
as TPM tasks. Of these, about 80% are being per-
formed by equipment operators. This does not mean
TPM has turned operators into maintenance operators.
It does mean operators perform basic, routine preven-
tive maintenance tasks such as cleaning, changing fil-
ters, bolting, lubricating, and adjusting. Annually, ap-
proximately 200,000 TPM tasks are done. As time
permits and TPM expands, first-level routine repairs
could also be performed.

TPM is not limited to operator-performed preven-
tive maintenance activities. TPM teams are established
at all levels of the organization including teams from
the production floor that focus on day-to-day opera-
tions, teams of team leaders that focus on deeper issues
such as equipment reliability, and teams that address
solutions through improved equipment design and
product development.

BENEFITS ACHIEVED THROUGH TPM

Several variables affect the pace and duration of a
stable TPM implementation. Based on the experience
of Japanese organizations and the reports of American
firms launching TPM, at least two to three, and most
likely five, years will be required for a total TPM im-
plementation. Resources of expertise and funding,
commitment of management, state of production and
maintenance operations, health of production equip-
ment, urgency for change, and a host of other factors
affect implementation and payback of benefits.

At Tennessee Eastman, benefits of TPM have been
overwhelmingly positive. Productivity improvements
have improved an average of fourfold on shared TPM
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tasks. For example, there is documented proof that
prior to TPM, if a mixer stopped due to high viscosity
of product, it would take approximately one hour for
maintenance to come and reset the electric motor that
had tripped. Now, production is restored by an op-
erator or mechanic resetting an electric motor in fifteen
minutes or less. Scrubber problems that required five
days for a turnaround are now solved in only two
days. Downtime for replacing a ruptured low-pressure
disk has decreased from four hours per occurrence to
less than one hour. Within the past two years, annual
occurrences of this failure have dropped from more
than 200 to less than 20 [7]. This improvement in-
creased availability 6%. In the acetate yarn division,
one area of 6,200 spinning ends operated at any one
time with approximately 150 ends broken or down.
In one eight-week period recently, the same area op-
erated with a total of 15 ends down for the entire
period. Emergency work has declined through the
proactive, community approach of TPM. Specific cases
of productivity improvements are becoming increas-
ingly numerous and impressive.

In terms of payback or return on investment, Ten-
nessee Eastman estimates a six-month payback on its
investment in TPM. One incident where savings of
several million dollars were attributed to TPM occurred
during a power plant failure in December 1989 that
nearly shut down the whole complex. With operators
and maintenance personnel working together as a
team, the plant was restored approximately three days
sooner than if the traditional production-maintenance
hierarchy had existed. Approximately three months
are required to train and develop team-building and
problem-solving skills of a TPM team. Historically,
the TPM teams have been paying for themselves and
their training within three to six months of activity.

During operating year 1988-89, equipment avail-
ability increased, due to TPM efforts, by 1%-2%, and
this improvement resulted in a multimillion dollar in-
crease in profits on a sold-out product line. Currently,
productivity benefits attributed to TPM are running at
a rate of approximately $8 million annually.

FORECAST FOR TPM

All signs point to a major shift in plant maintenance
to nontraditional approaches, such as TPM. Educa-
tional seminars and books on TPM are in heavy de-
mand. Conferences at the national and international
levels on TPM are attracting large audiences. It appears
maintenance is finally getting attention as a strategic
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manufacturing issue. American industry has not yet
reported the number of successes in TPM like Japan,
where approximately 120 firms have won the pro-
ductive maintenance (PM) prize. Reports to date on
the few successful American implementations of TPM,
such as at Tennessee Eastman, are encouragements
that changes in maintenance approaches can occur and
the results are where it counts—employees motivated
about their work and increased profitability. Organi-
zational culture and top management commitment
have been identified as critical issues which will affect
the rate and effectiveness of TPM implementation in
American industry. Fluor Daniel’s maintenance and
operations technology support group has provided
TPM services to several American manufacturing
firms, and a clear pattern is emerging. Those organi-
zations which are committed to total quality, superior
customer service, and world-class operations are

reaching out to total productive maintenance as a vital
solution to their productive capacity requirements.
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