Implementation of TPM Methodology
in Worker Fatigue Management -
A Macroergonomic Approach

Marcin Butlewski(%), Grzegorz Dahlke, Milena Drzewiecka-Dahlke,
Adam Goérny, and Leszek Pacholski

Faculty of Management Engineering,

Poznan University of Technology, Strzelecka 11 Street, Poznan 60-965, Poland
{marcin. butlewski, grzegorz. dahlke,
milena.drzewiecka-dahlke, adam. gorny,
leszek. pacholski}@put. poznan. pl

Abstract. The article describes the use of TPM pillars: Focused Improvement,
Autonomous Maintenance, Planned Maintenance, Quality Maintenance, Early
Equipment Management and Training and Education, along with their imple-
mentation for the purposes of fatigue management. Among the various tech-
niques used as part of TPM, the techniques that allow better control over the
welfare and safety of workers are highlighted. The following methods proved
particularly useful in fatigue management: Focused Improvement, where small
groups of employees work together proactively to achieve a regular, incremental
improvement in safety and fatigue management, as well as Training to establish
responsible behavioral patterns in the management of fatigue of both employees
and management. The article also presents a theoretical application of the
Overall Labor Effectiveness (OLE) indicator, which is analogous to the Overall
Equipment Effectiveness (OEE) indicator for the purposes of fatigue
management.

Keywords: Ergonomic design + TPM in fatigue management - Systems
engineering * Design for deficits

1 Introduction

Fatigue management is the next step in improving workplace safety. This process
progresses along with developing operational excellence in other key areas of an
enterprise, such as logistics, production and maintenance. Each has an effect on the
enterprise achieving corporate success, and shortcomings in any of these areas can
bring about a dangerous dysfunction of the whole system. With the implementation of
excellence systems such as Total Productive Maintenance (TPM), enterprises achieve
not only a common course of action, but also a common methodology. The applica-
bility of TPM methodology and its related tools was observed while developing a
fatigue management system for employees of bituminous coal mines. This, along with
macroergonomic considerations of fatigue management, gives an opportunity to
implement fatigue management into the context of occupational health and safety
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management systems, and based on that create high functioning decision support for
stakeholders.

2 Fatigue Management in the Mining Industry

Interest in fatigue management is particularly evident in areas of human activity where
the consequences of even the smallest errors due to fatigue can have tragic conse-
quences. One such area is certainly bituminous coal mining, which both in Poland and
around the world is subject to special supervision because of the threat to life involved
in underground workings [1-4]. This situation arises due to the specific working
conditions in this sector and is associated with the occurrence of virtually all natural
hazards, the avoidance of which requires employees to have a significant level of
psychomotor performance.

Management is a natural consequence of work performed under certain conditions
and time. Increasing exhaustion resulting from undertaken effort (physical or mental—
includes readiness for effort) [5] along with human capabilities, establish the curve of
the potential to carry out tasks in a work system. The ability to work is multidimen-
sional and its variability is due to both fatigue resulting from exertion and the natural
variability in human abilities due to biological rhythms (Fig. 1).
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Fig. 1. Fatigue—concept of operator performance (source: own elaboration)

The operator’s potential (performance level) supplements the technological and
organizational solutions existing in the work environment (Ppigmax — maximum
machine potential, Po_n,x — maximum organizational potential), thereby defining the
human potential in that moment Py, which equates to the demand. The difference
between the points on the curve of the required performance of the system and the
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curve of human potential, determines the level of excessive fatigue, which in a given
industry is classified as satisfactory or unsatisfactory. In the event that technological
and organizational measures exceed the requirements of the T-O system, the work
system is temporarily self-sufficient and unattended. The operator remains on standby
until the need arises (but monitoring itself is an operator’s participation in the work
system). This approach shows that fatigue management involves the appropriate
administration of the course of human potential Py and the supporting technological
and organizational measures Pyi_max, Po-max, 10 relation to the requirements generated
by the work system and its immediate surroundings (Fig. 2).
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Fig. 2. Fatigue—prevention of operator fatigue (source: own elaboration)

In practice, there is a number of factors associated with the external environment
that are crucial to take into account when applying systems and process fatigue
management [6]. Basic problems contained in fatigue management include:

e recognition of the symptoms of fatigue before it reaches a level high enough that it
threatens the safety of the work system—a number of publications exist on the
methods for efficient and non-invasive detection of fatigue [7-9] or systems to rec-
ognize performance exhibiting fatigue [10]-a comparison of systems can be found
[11], however, subjective measures based on self-reporting are also used [12—14],
and are recognized as an efficient tool for the detection of fatigue,

e allocation of tasks to employees in a way that maximizes their potential to perform
work, optimizing the risk of fatigue leading to undesirable situations,

e an operator’s return to equilibrium from a fatigue state, allowing one to return to
performing operations (a way to restore an employee back to work in the system),
which is related to the issue of situational awareness and the ability to re-assume
responsibility for the tasks performed by the operator (if the system detected a level
of fatigue that made it impossible to continue working safely—so-called back in the
loop [15]),
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e ensuring an appropriately low initial level of fatigue through the management of
environmental factors outside of work,

e integration of fatigue management into a company’s other activities, in a way that
enables the achievement of the aforementioned goals.

In view of the wide range of the above-mentioned mentioned issues, this article pre-
sents the ability to systematize activities in a fatigue management system through the
use of the TPM approach.

3 TPM and Its Use in Fatigue Management

A modern approach to operation maintenance is the TPM (Total Productive Mainte-
nance) program. This management philosophy includes all employees in the effective
management and maintenance of machinery through the elimination of any sources of
losses following the client’s requirements [16]. The general idea of TPM is to organize
repairs within the production team to improve performance of maintenance and pro-
duction staff and re-design and reconfigure equipment in a manner that makes it more
reliable and easier to maintain. This achieves equipment reliability, preventing human
terror, and eliminating accidents, which are the main goals of TPM [17, 18]. A desir-
able side effect of TPM is increasing employee morale and job satisfaction, which also
increases worker safety [19]. To achieve this goal, the so-called TPM pillars are used:
Focused Improvement, Autonomous Maintenance, Planned Maintenance, Quality
Maintenance, Early Equipment Management and Training and Education. All these
pillars can be used for the purposes of fatigue management. Among the various
techniques used as part of TPM, the techniques that allow better control over the
welfare and safety of workers should be highlighted. Some methods of TPM proved
particularly useful in fatigue management: Focused Improvement, where small groups
of employees work together proactively to achieve a regular, incremental improvement
in safety and fatigue management, as well as Training to establish responsible
behavioral patterns in the management of fatigue of both employees and management.

Table 1 presents objectives for each of the pillars of TPM with the corresponding
actions for fatigue management. Analogously to TPM, where undertaken actions
provide continuous and effective machine operation, in fatigue management the same
goals are implemented for the employee. In fatigue management, maximizing
employee efficiency does not equal maximizing employee effort but its optimization.

The indicators used in TPM methodology may also be implemented in fatigue
management. One example would be the Overall Labor Effectiveness (OLE) indicator,
which is analogous to the Overall Equipment Effectiveness (OEE) indicator. OLE
accumulates three workforce factors [21]:

e Availability: the percentage of time the workforce spends making effective
contributions,

e Performance: the amount of product delivered (in mining companies amount of
produced coal per shift, team etc.),

e Quality: the percentage of perfect or saleable product produced (quality of produced
coal).
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Table 1. The application of TPM in fatigue management (own elaboration based on [20]).

TPM pillar TPM goal and tools Use of TPM in fatigue management
Autonomous Fostering operator ownership—own: | Anti-fatigue self-control,
maintenance cleaning, lubricating, tightening, recognition of states preceding
adjustment, inspection chronic fatigue
Focus Systematic identification and Recognition of losses related to
improvement elimination of losses (5-whys, human labor, detection of
FMEA, OEE implementation) operations that cause unnecessary
fatigue, burdening the employee
without providing adequate work
results
Planned Preventive Maintenance (PM) and Constantly striving to limit
maintenance Predictive Maintenance (PdM)— fatigue-inducing factors. Use of
used tools (PM check sheets, MTBEF as an indicator of the
MTBF) adequacy of scheduled tasks (repair
is understood as the time that will
be needed to be able to return to
performing work)
Quality Zero defects approach Optimization of work factors and its
maintenance M-optimization surroundings in order to reach the

Education &

(machine/man/material/money)

Multi-skilling of employees

absence of overload in any
undertaken action

Training and awareness of

training Aligning employees to employees in relation to activities
organizational goals. Periodic skill of fatigue management. Staff
evaluation and updating multitasking to ensure appropriate
conditions for rotation and uniform
division of load among employees
Safety & Ensure safe working environment Measures to improve the safety
environment culture, even in the case of
high-risk work (mining)
TPM in Improve synergy between various Enhancement of the tribes and silos

administration

business functions

value-added approach,
improvement in department

synergy

The use of OLE indicator in fatigue management involves compiling its value with
workplace conditions and the studied work factors. Achieving system synergy (using
the remaining TPM tools) allows one to search for losses or unproductive activities.
Thus, actions within the work system will be verified according to their impact on the
productivity of the workforce.

An important advantage of TPM in fatigue management may be actions that mit-
igate losses. Examples of the application of particular categories of losses are presented
in Table 2.

Losses may seemingly appear to provide relief in a work system by providing
unscheduled breaks, however, because they appear randomly and are unpredictable
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Table 2. Scope of the application of TPM in fatigue management (own elaboration based on

(20D).

Type of loss

Nature of losses, which should be detected and eliminated as part of
fatigue management

Breakdown/failure
Set-up and
adjustment
Reduced speed
Idling and minor
stoppage

Defect and rework

Start-up

Tool changeover
Distribution/logistic
Line organization
Measurement and
adjustment

Management

Motion-related

Working with inefficient/broken equipment
Breaks due to changeovers improperly utilized

Working slower than the projected speed of equipment - hardware

Stopping flow in the work system which requires corrective action on
the part of the operator

Fatigue resulting from the need to fix defects at work and
re-perform/re-work tasks

Working during start-up, a long period of adjusting pace after
resuming work

Loss of time and labor on performing tool changes due to damage or
wear outside the scheduled period of service

Lack of automation of highly repetitive tasks leading to inefficient
human labor

Unsynchronized production line causing downtime on the job
Multiple repetitions of measurement and control tasks

Losses arising from waiting for a decision—instruction, course of
action—losses resulting from inadequate division of competences

Lack of motion economy, unnecessary tasks and transitions

they result in increased time pressure during operation (making up losses), and will
consequently decrease employee performance.

4 TPM in a Fatigue Management Integration System

Activities in fatigue management (detection of early symptoms, the allocation of tasks
in order to reduce the effects of fatigue, etc.) require the application of process changes
in the employee management system, which can be included in the following list of

requirements [22]:

1. Detailing the scope, objectives and tasks of individual processes—which will help
direct focus on how to conduct employees to limit their fatigue by making deci-
sions based on the results of monitoring of selected characteristics of the physical
and mental state of employees when performing specified actions.

2. Conducting an in-depth analysis of labor standards and the preparation of changes
that reduce the risk of fatigue of workers employed in specific work positions.

3. Introducing cyclical extensive analyses of accidents resulting from fatigue and
decision-making on the basis of these findings - to supplement existing procedures
or developing new ones.
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N

. Developing a fatigue factor monitoring system, simultaneously aimed at distin-
guishing fatigue factors and work positions particularly exposed to the risk of
excessive influence of a particular factor.

5. Developing a final list of positions and tasks particularly causing an increase in
fatigue, which will form the research sample during the implementation of an
employee fatigue management system.

6. Implementing a monitoring system by: selecting the scope of the application of the
system, guidelines for its use, those responsible for its use, conducting training for
users, support during its first application.

7. Detecting relations resulting from new solutions and introducing them to a schema
of IT and physical links between components of the system.

8. Developing a set of measures and norms for an assessment of fatigue at analyzed
workstations and periodically comparing the achieved results.

9. Developing measures or indicators testifying to the effectiveness of the worker
fatigue management system.

10. Supplementing the description of operations (procedures, instructions) with new or
modified activities related to limiting fatigue, but also to carrying out an extended
analysis of accidents, training and tutorials, operation of the fatigue factors mon-
itoring system, systematic analysis of data on fatigue factors and decision-making
with regard to the prevention of the consequences of fatigue in individual
employees as well as an analysis of the system’s performance indicators.

11. Confronting the introduced procedural changes with employee representatives, and
hence ensuring their acceptance and success in the implementation of changes.

12. Determining which actions are indispensable for employee fatigue management,
assigning them clearly defined responsibilities, incorporating them into duties as
well as informing the employees.

13. Conducting training and tutorials among staff in order to create favorable attitudes
and behavior towards the fatigue management system.

14. Conducting a series of training sessions on improving the quality of sleep and

reducing stressful factors and raising individual abilities to limit fatigue resulting

from the performed work.

The above-mentioned activities of various strategic level (micro-, meso- and
macroergonomic) [23] may be sorted according to a scheme of implementation sup-
ported by the TPM method. Despite the fact that ergonomics in fatigue management at
the level of work positions will be a very important factor in limiting fatigue, e.g. by
adapting the work space [24] or the mental strain of operators [25, 26] there are sought
ways to integrate these activities to achieve a higher purpose which is the safety and
welfare of workers [27, 28]. A plan for the systemic implementation of fatigue man-
agement with the use of TPM is presented in Fig. 3.

Activities related to individual management functions undertaken independently
will not have a significant impact on improving fatigue states in workers. The TPM
approach may be applied to systematize management activities.
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Fig. 3. Fatigue management implementation plan (source: own elaboration based on [29])

5 Conclusions

Fatigue management is a relatively new approach in the fields of management science
and production organization. It seems that the next step on the road to excellence of
production systems will be resource management in the context of achieving employee
welfare. Fatigue management may also be a key factor in the issue of adapting work
systems to an aging population. Work performed by the elderly will involve the need to
ensure the safety of staff and work systems along with the immediate surroundings.
This topic has been given a lot of thought in a number of publications in relation to
micro- [30, 31] and macroergonomics [32]. Future work systems will require a much
greater level of responsibility, hence the greater need for integration of various systems
of business excellence and integration of proven systems such as TPM.
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