PRACTICAL CLASS 3.7
Theme: ICAO safety management requirements for aircraft maintenance
3.7.1. Maintenance Safety — General
Until recently, less attention had been paid to systematically reducing risks arising from aircraft maintenance activities than from flight operations. Yet, maintenance and inspection errors are cited as a factor in a number of accidents and serious incidents worldwide each year.

The safety of flight is dependent on the airworthiness of the aircraft. Safety management in the areas of maintenance, inspection, repair and overhaul are therefore vital to flight safety. Maintenance organizations need to follow the same disciplined approach to safety management as is required for flight operations. Adhering to such a discipline in maintenance can be difficult. Maintenance activities may be conducted by the airline itself, or they may be contracted out to approved maintenance organizations, and as a result, these activities may take place well away from the airline's home base.

Conditions for maintenance-related failures may be set in place long before an eventual failure. For example, an undetected fatigue crack may take years to progress to the point of failure. Unlike flight crews who have near real-time feedback on their errors, maintenance personnel usually receive little feedback on their work until a failure occurs. During this time lag, maintenance workers may continue to create the same latent unsafe conditions. As a consequence, the maintenance world incorporates a combination of safety defences, including multiple redundancies of aircraft systems, to strengthen the system. These defences also include such things as certification of maintenance organizations, licensing of AMEs, airworthiness directives, detailed SOPs, job cards, inspection of work, and sign-offs and records of work completed.

Risk potential may be created by the conditions under which maintenance is often conducted, including such variables as organizational issues, work site conditions and human performance issues pertinent to aircraft maintenance. 

The term "safety" in an aircraft maintenance context is often considered to have two connotations. One is an emphasis on industrial safety and hygiene for the protection of AMEs, facilities and equipment. The second is the process for ensuring that AMEs provide airworthy aircraft for flight operations. Although the two may be inextricably linked, this chapter concentrates on the latter, with little reference to Occupational Safety and Health (OSH) issues.
3.7.2. Managing safety in maintenance
Given the nature of the maintenance function, the working environment for AMEs, and the many Human Factors issues which may compromise their expected performance, a systematic approach to safety is called for, i.e. a safety management system (SMS). Successful SMS are built upon the following three cornerstones:
a) corporate approach to safety;

b) effective tools for programme delivery-; and

c) formal system for safety oversight and programme evaluation.

Each of these aspects of an SMS is discussed below.

Corporate approach to safety

The corporate approach to safety sets the tone for how the organization develops its safety philosophy and its safety culture. In deciding on the approach the organization wishes to take towards safety management, the following factors may be relevant:

a) size of the maintenance organization (large operators tend to require more structure);

b) nature of the operations (e.g. around-the-clock, international or scheduled operations versus domestic or unscheduled operations);

c) organizational status (e.g. department of an airline versus an independent enterprise);

d) maturity of the organization and its workforce (e.g. corporate stability and experience);

e) labour-management relationships (e.g. recent history and complexity);

f) current corporate culture (versus desired safety culture); and

g) scope of maintenance work (e.g. line servicing versus heavy overhaul of aircraft or major systems). 
Organizing for safety

 ICAO provides two sample organizational structures for an airline, both of which reflect direct and informal reporting lines between operations, safety and maintenance. Such communication channels depend on the trust and respect established in the day-to-day working relationships of those involved.

For an aircraft operator, the safety manager (SM) must have clearly defined responsibilities and reporting lines with respect to safety management in maintenance. The maintenance organization may require a technical specialist to work with the SM. As a minimum, the SM will require specialist advice from the maintenance department.

The company's safety committee should include representation from the maintenance department. In large operators, a dedicated sub-committee for maintenance safety issues may be warranted.

Documentation and records management

Maintenance departments depend heavily on systems for systematically acquiring, storing and retrieving the voluminous information required for safety management. Some examples follow:
a) Technical libraries must be kept current (for such things as engineering orders, type certifications, airworthiness directives and service bulletins).

b) Maintenance defects and work completed must be recorded in detail.

c) Performance and system monitoring data must be retained for trend analysis.

d) Corporate safety policies, objectives and goals must be formally documented and distributed.

e) Records must be kept on personnel training, qualification and currency, etc.

f) Information on component history, life, etc. must be kept.

In a large operator, much of this information will be computerized. Therefore, the success of an SMS in a maintenance organization will largely depend on the quality and timeliness of its document and records management systems.

Resource allocations

The best SMS on paper will be useless without adequate resources. To protect against losses due to an accident, expenditures will be required. For example, resources need to be allocated for:

a) personnel with expertise to design and implement the maintenance safety system;

b) training in safety management for all staff; and

c) information management systems to store safety data, and expertise to analyse the data.

Safety culture

A poor safety culture in a maintenance organization can lead to unsafe work practices not being corrected — possibly creating latent unsafe conditions that may not cause a problem for years. Management's success in fostering a positive safety culture in the maintenance department will derive in large measure from how the foregoing issues are addressed and from how the SMS is implemented.

Principal tools for safety management in maintenance

Effective operation of an SMS for maintenance builds upon risk-based decision-making, a concept that has long been integral to maintenance practices. For example, maintenance cycles are built upon probabilities that systems and components would not fail for the period of the cycle. Components are often replaced because they are "time expired", even though they may remain functionally serviceable. Based on knowledge and experience, risks of unexpected failure are reduced to acceptable levels.

Some of the principal tools for operating an SMS for the maintenance function include:

a) clearly defined and enforced SOPs;

b) risk-based resource allocations;
c) hazard and incident reporting systems;

d) flight data analysis programmes;

e) trend monitoring and safety analyses (including cost-benefit analyses);

f) competent investigation of maintenance-related occurrences;

g) training in safety management; and

h) communication and feedback systems (including information exchange and safety promotion).

Safety oversight and programme evaluation

As with any "system", feedback is required to ensure that the individual elements of the maintenance SMS are functioning as intended. Continuing high standards of safety in a maintenance organization imply regular monitoring and surveillance of all maintenance activities. This is especially so at the interfaces between workers (such as between maintenance personnel and flight crews, between personnel of different trades, or between staff on changing work shifts) to avoid problems "falling through the cracks". 
Change is inevitable in the aviation industry, and the maintenance area is no exception. The Director of Maintenance may require that a safety assessment be carried out in respect of any significant changes in the maintenance organization. Circumstances that might warrant a safety assessment include a corporate merger, and introduction of a new fleet, equipment, systems or facilities. Consequently, the need for any adjustments can be identified and corrected.

The maintenance SMS should be regularly evaluated to ensure that expected results are being achieved. Programme evaluation should provide satisfactory responses to such questions as:

a) To what extent has management succeeded in establishing a positive safety culture?

b) What are the trends in hazard and incident reporting (by technical trade, by aircraft fleet, etc.)?

c) Are hazards being identified and resolved?

d) Have adequate resources been provided for the maintenance SMS?
3.7.3. Managing procedural deviations in maintenance
The maintenance system includes not only the AMEs on the shop floor but also all the other technicians, engineers, planners, managers, stores keepers and other persons that contribute to the maintenance process. In such a broad system, procedural deviations and errors in maintenance are inevitable and pervasive.

Accidents and incidents attributable to maintenance are more likely to be caused by the actions of humans than by mechanical failure. Often, they involve a deviation from established procedures and practices. Even mechanical failures may reflect errors in observing (or reporting) minor defects before they progress to the point of failure.
Maintenance errors are often facilitated by factors beyond the control of the AME, for example:

a) information required to do the job;

b) equipment and tools required;

c) aircraft design limitations;

d) job or task requirements;

e) technical knowledge or skill requirements;

f) factors affecting individual performance (i.e. SHEL factors);

g) environmental or workplace factors;

h) organizational factors such as corporate climate; and

i) leadership and supervision.

Safe maintenance organizations foster the conscientious reporting of maintenance errors, especially those that jeopardize airworthiness, so that effective action can be taken. This requires a culture in which staff feel comfortable reporting errors to their supervisor once the errors are recognized.

New systems are being developed for managing procedural deviations (and errors) in aircraft maintenance. Typically, these systems are a subset of an overall maintenance SMS and exhibit the following characteristics:

a) They encourage uninhibited reporting of occurrences that would not otherwise be required to be reported.

b) They provide training for staff on the purpose and procedures for using the maintenance SMS, including clear definition of departmental disciplinary policies (e.g. disciplinary action should only be necessary for instances of recklessness or wilful disregard of promulgated instruction on procedures).

c) They conduct competent safety investigations of reported errors.

d) They seek appropriate safety action in follow-ups to identified safety deficiencies.

e) They provide feedback to the workforce.

f) They provide data suitable for trend analysis.
Maintenance Error Decision Aid (MEDA)

One tool for managing procedural deviations in maintenance is the Maintenance Error Decision Aid (MEDA) developed by The Boeing Company. MEDA provides the first-line supervisor (and the SM) with a structured method for analysing and tracking the factors leading to maintenance errors and for recommending error prevention strategies.
In the MEDA process there are five basic steps, namely:

a) Event. Following an event, it is the responsibility of the maintenance organization to select the error-caused aspects that will be investigated.

b) Decision. After fixing the problem and returning the aircraft to service, the operator decides if the event was maintenance-related. If yes, the operator performs a MEDA investigation.

c) Investigation. Following a structured form (specifically designed for MEDA), the operator carries out an investigation. The investigator records general information with respect to the aeroplane, when the maintenance and the event occurred, the event that precipitated the investigation, the error that caused the event, the factors that contributed to the error and possible prevention strategies.

d) Prevention Strategies. Management reviews, prioritizes, implements and then tracks prevention strategies (process improvements) in order to avoid or reduce the likelihood of similar errors occurring in the future.

e) Feedback is provided to the maintenance workforce in order for AMEs to know that changes have been made to the maintenance system as a result of the MEDA process. Management is responsible for affirming the effectiveness of employees' participation and validating their contribution to the MEDA process by sharing investigation results with them.
3.7.4. Safety manager's concerns
A company SM will often face challenges in providing sound advice to senior management on the maintenance portion of the SMS — especially if the SM's background is not in aircraft maintenance. Some challenges include:

a) understanding safety management in the context in which maintenance work is carried out;

b) developing personal credibility, especially in acquiring sufficient knowledge of accepted safe industry work practices and maintaining currency with respect to industry developments in aircraft maintenance. (One way for the SM to better understand the complex nature of aircraft maintenance is to consult with maintenance managers and become familiar with the various facets of the MEDA checklist.);

c) developing and maintaining effective working relationships with:

1) managers accountable for aircraft maintenance and for integrating maintenance safety into the overall corporate SMS; and

2) potential technical advisers;

d) developing a synergy among maintenance personnel and other participants in the SMS;

e) developing a spirit of cooperation and routine coordination of activities between flight operations and maintenance, particularly on such matters as adequacy of discrepancy reporting, or operating an FDA system;
f) providing timely and credible analysis of safety data gathered through the various tools used for hazard identification; and

g) obtaining the participation and commitment of the maintenance department on company safety committees.

In reviewing the effectiveness of safety management in maintenance, SMs should pay particular attention to such issues as:

a) adequacy of maintenance documentation;

b) quality of communications up and down, as well as laterally within the maintenance organization;

c) environmental factors affecting human performance;

d) quality of training, both for job-related knowledge and technical skills;

e) error reporting and trend analysis systems aimed at the identification of systemic hazards;

f) the means for effecting any necessary changes to reduce or eliminate identified safety deficiencies; and

g) the existence of an error-tolerant and non-punitive safety culture.
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