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A REVIEW OF HUMAN ERROR IN MAINTENANCE AND SAFETY

ROSHAN KURUVILA
ASST. PROFESSOR
DEPARTMENT OF MECHANICAL ENGINEERING
AMALJYOTHI COLLEGE OF ENGINEERING
KOOVAPALLY

Industrial safety mainly depends on the performance of equipments and operations of the organization. The performance of the equipment and operations are
highly dependent on the maintenance activity. The maintenance activity is heavily reliant on humans. Various studies have proved that human error is a major
factor for the premature failure of equipments after the maintenance activities has been performed on them. The role of humans in maintenance has received
much importance; recently more attention has been towards reducing human error in maintenance and inspection. Maintenance and inspection tasks are an
inevitable part of an organization, where individuals perform varied tasks in a non conducive environment and difficult ambient conditions. These situational
characteristics, in combination with generic human behaviors, results in error and leads to accidents .This also impede productivity and efficiency of the
operations. As the maintenance quality is largely dependent on the conditions of the maintenance staff. These conditions, along with many others, which are
called human factors will lead directly lead to failures. Even though it is never possible to eliminate human error totally, it is possible to reduce these errors
through a good maintenance management. This paper overviews the various constituents of human factors that affect maintenance and analyzes various
methodologies which can be used to reduce errors and thereby improve safety, reliability and availability of the organization. This paper also reviews current
strategies in identifying, and managing human error in maintenance and inspection for a better industrial safety.

KEYWORDS

Human factors, Inspection, Maintenance, Safety.

INTRODUCTION

s Industrial safety is heavily depended on maintenance. If it is not performed correctly, it will lead to an accidents and incidents. Major maintenance

errors are incorrectly installed parts, missing parts, and not performing the necessary checks. In contrast to many other threats to safety, the errors made

by a maintenance people are very difficult to identify. Many times, these mistakes are present but not able identify easily and will remain latent, affecting
the safe operation of the equipment. Maintenance staffs are confronted with lot of unique human factors within the organization. Often times, they are working
in the unpleasant hours, in a limited space, and unergonomic postures, and in adverse environmental conditions. The work can be physically challenging, and it
also requires more attention. Because of the unique nature of the maintenance tasks, usually maintenance staffs spend more time in preparing for the task
rather than actually performing it. The key element is the correct documentation of all maintenance activities, and they spend much time updating maintenance
details as they are performing the work. The awareness of various Human factors will lead to quality improvement; the presence of a conducive environment
ensures worker safety, and lead to more involvement and responsibility. More specifically, the reduction of errors can provide a large quantity of benefits
including reduced cost, avoiding delays, reduction in injuries, reduction of customer services, and reduction significant events because of maintenance error. The
aspects of human errors are discussed in relation to maintenance. The most and the best advantage is that the introduction of ways to mitigate the risk and to
stop them from developing into a problem.

EVOLUTION OF MAINTENANCE HUMAN FACTORS

By the end of the of World War | (1914-1918), more and more sophisticated equipment was being developed because of the non availability of competent
personals to use such systems and the increased level in human expectation . Till this time, the focus was on the humans, but as the time progressed, the focus
gradually shifted onto the design of equipments in connection with environmental factors. The major consequence of the war was the introduction of need for
research and Development. The other major development was the identification of the Hawthorne Effect, which suggested that motivational factors could
significantly influence human performance. By the end of World War Il (1939-1945), it was difficult to match the existing individuals to preexisting jobs. By The
time design of equipment had shifted its focus into human factors and also to take advantage of human capabilities. On this there was a large number of
researches where performed to determine the human capabilities and limitations. The study done by Fitts and Jones, in 1947 on the most effective
configuration of control knobs .Much of this research transcended into other equipment with the aim of making the controls and displays easier for the
operators to use. The beginning of the Cold War led to a major expansion of these and large number research laboratories were set, and the aim of the
researches was to design small equipments. The scope of the research also broadened from small equipment to entire workstations and systems. In the
industry, the focus gradually shifted from research to participation through engineers by advice to in the design of equipment. H

HUMAN ERROR

To understand the role of human error in an accident or incident is different from simply attributing such an event to an fallible human. Human error has been
differently characterized as: any member of a set of human actions that exceeds some limit of acceptability (Swain and Guttman, 1983), any human action or
inaction that exceeds the tolerances defined by the system with which the human interacts (Lorenzo, 1990), the failure to achieve an intended outcome beyond
the influence of random occurrence (Reason, 1990), a necessary outcome to allow humans to explore and understand systems (Rasmussen, 1990; Reason,
1990), and derivative of operators’ social experience of responsibility and values (Taylor, 1987). These definitions convey the complex nature of human error.
However, they suggest that: humans behaviors are tolerant to the elements of a system, and also that human error is a term for normal human behavior in an
unpleasant environments,. These observations are also reflected in the two major approaches developed to address human error in accident and incident
analyses: human reliability assessment (HRA) and human error classifications (Kirwan, 1992a). Summarized below, HRA methods and human error classifications
are more fully reviewed and contrasted by [Kirwan, 1992a] and [Kirwan, 1992b].

HUMAN ERROR IN MAINTENANCE

The simple explanations do not convey the complexity of the system. Most of the equipments in the systems are becoming increasingly technologically
complex. New methods for inspecting and diagnosing these systems are increasingly needed Further, inspecting and maintaining machineries is organizationally
complex; emerging from a socio-technic process in which hundreds, even thousands, of people are directly involved (Taylor, 1990).These conditions will result in
a work environment that is not conducive for the humans to work. Moreover simultaneous efforts to accomplish the competing goals of industrial safety, time
pressures. The economic pressures may motivate operators to violate the inspection/maintenance practices. Consequences of errors are not immediately
obvious (Graeber and Marx, 1993). The Delay in feedback reduces the ability of operators to learn from errors. Such delays also lead to delay in accident
investigation because situational factors surrounding the errors are lost. In addition, because different types of maintenance problems present themselves
randomly to individual operators, it is difficult for any one operator to identify what may be a systematic problem in an equipment type or mechanism (cf. Inaba
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and Dey, 1991). Maintenance often lasts for shifts and days, making coordination of activities and communication among different operators very difficult.
Quality control audits and inspections and error reporting systems obtain data on inspection and repair performance. However they do not provide accurate
feedback to operators on errors. Further, feedback during training for inspection tends to focus on procedural aspects of the task rather than providing feedback
for other, more cognitive, aspects of the inspection task (Prabhu and Drury, 1992).by observing these complexities, it is not surprising that humans in this
system make errors. Maintenance and inspection errors can be explained in terms of their most immediate and observable effect on equipment, ultimate effects
on equipments and secondary effects on the industry. The various types of errors in maintenance and inspection are explained as failures of the tasks involved.
The incidence and forms of maintenance and inspection human errors can be explained by these factors..

EFFECTS OF MAINTENANCE ERROR ON EQUIPMENT

Several studies have identified the most common, immediate effects of human error in maintenance. A major study shows that distribution of 122 maintenance
errors over a period of years are: omissions (56%), incorrect installations (30%), and wrong parts (8%), other (6%) (Graeber and Marx, 1993).Data collected from
industry (Prabhu and Drury, 1992) revealed several major categories of human errors in maintenance and inspection tasks, are: Defective component ,missing
component , wrong component ,incorrect configuration, incorrect assembly sequence , functional defects , tactile defects , procedural defects .

GUIDELINES FOR REDUCING HUMAN ERROR IN MAINTENANCE

According to the various studies conducted over the years various methods has been developed to reduce human error in maintenance. This paper examines
some guidelines which can be used to reduce human error in maintenance. Many of these guidelines can also be used in other areas of maintenance. The
guidelines cover the areas of procedures, risk management, tools and equipment, training, design, communication, and maintenance feedback. By ensuring the
following this procedural errors can be minimized:

Perform the work in the standard ways, Periodic and routine check ups are to be administered in accordance with the standard procedures. Adequate control
methods to ensure that the check ups are more effectively done. The check list must ensure that it serves the objectives. The other things that are to be noted
while ensuring the safety are: the routine checkups and other things are to be administered without disturbing the normal working practices because the
disturbances are one of the probabable sources of error. The adequacy of methods of detecting maintenance errors is to be critically evaluated, make sure that
the systems is not checking simultaneously the same maintenance task in a similar redundant system.

The importance of supervision is to be strengthened, particularly in the late hours of each shift as the chances of occurrence of are more. Make sure that there is
a proper way of communication to ensure that important information to all maintenance staff are shared without delay information’s such as changing
procedures or methods to control errors in an effective manner. The other important area of communication is time of shift handovers, as the transfer of
incomplete tasks across shifts are another possible source of error.

ADDRESSING HUMAN ERROR IN MAINTENANCE AND INSPECTION

As one determines that human erroris a factor in an error, or error-likely situation, we must know how to control, or manage, these errors. Most of the
situations can be explained through a variety of interventions as suggested by Rouse. Further, interventions are most effectively implemented when used in
combination. Interventions for error reduction include: selection, training, equipment design, job design, and aiding (Rouse, 1985). More detailed lists of
interventions specifically intended for the maintenance and inspection environment have been classified as short term and long-term interventions (Shepherd et
al., 1991). This paper reviews some of the methods proposed by different studies in the reduction of error. This review considers the effects of: training,
equipment design considerations, working environment, communication, and automation. At last we try to describe an approach to identifying, selecting
among, and justifying intervention strategies for managing errors in maintenance and inspection.

TRAINING
According to HSE (HSG 48:1999) Human error is inevitable, everyone makes mistakes how well they are trained and motivated Prabhu and Dury (1992) explains
the importance of Training at the individual level will improve ability of the worker to take advantage of new tools and methodologies. For example, inspection
training tends to focus on procedural aspects rather than providing feedback for other, more cognitive aspects (Prabhu and Drury, 1992 ) However researches
have proved that there are still opportunities for improving individual training and there by reducing the errors. Thus the safety can be ensured in the
organization

EQUIPMENT DESIGN CONSIDERATIONS

Humans are prone to errors (James Reason and Allan Hobbs,2003) As the complexity of equipments increase the skill and knowledge of the operator has to be
increased. The maintenance staff requires more attention for performing the maintenance tasks. The various researches have established that Attention is key
element in human error. By human nature humans cannot have the attention for longer period because which will result in stresses. Further Reason and Hobbs
explains that attention is an extremely limited quantity and we can only attend to very small proportion of our sensory data and the ability to capture of
unwanted data is very large. Correct performance of the operator to complex equipment requires right balance of attention which is very difficult. So if we have
a simple user friendly design the chances of failure are less and proper safety can be assured.

WORKING ENVIRONMENT DESIGN

As stated earlier maintenance activity is a human related performance .Humans are prone to errors, According to James Reason we cannot change the human
nature but we can change the conditions in which they work.(Reason J:2000) The various aspects of the environment affect maintenance performance in a great
way. Almost all the maintenance tasks are performed in extremely severe conditions. Marry researches have found that chances of making error in an adverse
condition are more compared to that of in good environment. Researches has proved that improper space, lighting extra can severally affect the performance of
the staff Good working environment will help the maintenance staff in decision making and controlling which will result in reduction of error Research has most
fully addressed issues of lighting adequacy and postural/biomechanic hazards associated with aviation maintenance and inspection tasks. Ninety percent of all
inspection is visual inspection (Johnson and Shepherd, 1993).

A good and properly designed environment in coordination with the system will improve the safety of the organization.

COMMUNICATION

Most of the “human errors” in maintenance and inspection are the results of poor interfaces to equipment and information. Therefore, the most important
thing is to implement methods for controlling these errors is to redesign equipment and the staff interfaces. The chances of making a wrong decision can be
minimized by sharing the correct information to the staff at the right time. Industrial maintenance and inspection tasks are increasingly computer based and
include the use of new tools and techniques. As such, the human/machine interface to computer-based systems and new equipment is increasingly important.
In general, designing these interfaces would benefit from usability assessment and engineering (Ravden and Johnson, 1989; Nielsen, 1993). A well designed
communication channel in accordance with system will reduce the chances of occurrence of error thereby ensuring the safety of the organization.
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AUTOMATION

Eventhogh the entire maintenance operations cannot be automated, some automation will appear useful. The development of these has typically been
technology driven, rather than human-centered and requirements driven. This approach has resulted in the development of automation systems that are not
well integrated (Drury, 1996). The automation approaches to maintenance and inspection by function (Drury, 1996). Drury emphasizes the importance of
considering the additional training requirements of automation interventions and sensitively incorporating automation into the organizational context and
individuals’ jobs will result in the reduction of errors there by increasing the safety of the organization.

ERROR MANANGEMENT

Along with managing human error in maintenance, we must manage interventions also. For the growth of the organization more and more interventions are
required. The system should try incorporating various schemes and methods to employees to generate potential alternative strategies (Drury et al. 1996) the
prototype system (PERS) proposed by C.G. Dury describes a system for a more comprehensive approach to error reduction and management. This system begins
with the assumption that pro-active error monitoring and reactive error reporting are both essential for effective error control. It is based on the premise that it
is important to identify and organize error reporting information in a manner consistent with intervention strategies. The proposed system has five modules:
(1) error reporting, (2) critical incident reporting (reports of situations where errors/incidents almost happened but were recovered without consequences),
(3) error audit (auditing specific tasks to find human-system mismatches), (4) error assessment (anonymous assessment of the task environment by technicians
and management), and (5) solutions database (of information from industry sources and human factors experts for design changes). This prototype system is
called PERS (Pro-active Error Reduction System). This can be implemented for the risk management in an organization for minimizing the consequences of error.

CONCLUSION

The very existence of the industry is depended on the contribution of maintenance personnel, yet maintenance error is a significant and continuing threat to
safety. Earlier days, maintenance errors were often viewed as nothing more than failures of individuals to perform their assigned tasks, and organizations often
responded with punishment or dismissal. Recent studies conducted by S Dunn reveals that traditional approaches are not effective in dealing with the human
errors and now the world has accepted that human errors are the consequences of personal matters, workplace, and organizational factors. Even now
maintenance personals must still take responsibility for their actions, and the threat of maintenance error.

The industrial approach to maintenance error involves, the probability of reducing maintenance error by identifying and controlling the error-producing
conditions in the organization. This involves attention to human factors training, the provision of appropriate tooling and equipment, and other actions directed
at the human factors associated with maintenance error. And further to accept that maintenance error is a threat to safety and that is to be reduced. Industries
must learn to manage the inevitable threat of maintenance error in the same way they deal with natural hazards such as weather. The human error in the
organization can be minimized by ensuring that appropriate risk controls methods are there to identify and correct errors, and minimize the consequences of
those errors that remain unidentified, despite the best efforts of the organization. By considering the above discussed points along with and properly designed
system in accordance with the organization can reduce the possible threat to industrial safety.
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