Construction of accommodation facilities for basic maintenance 

and testing of aircraft in Serbian army
Summary: Institutions in the Serbian Army engaged in maintenance and testing of aircraft accomplish their mission without adequate energy-efficient construction facilities, facilities to accommodate equipment, tools and installations for the basic aircraft maintenance procedures required in reference standards. Particularly critical situation is in terms of providing adequate working space to perform activities of basic maintenance tasks, installation of test instruments and equipment on aircraft. Aviation maintenance specialty was to determine whether the working environment differed from other specialty’s working environments and does the environments has so significant influence on work quality. In air carrier maintenance, the three considered most important for worker proficiency are lighting, noise, and temperature. Discussions may include topics such as heating problems, use of proper job clothing, and any other matters designed to minimize problems with the physical environment.  Nonetheless, the nature of the work and the environment mean that certain problems remain.

1. Analysis of the current situation

The term "work environment" most readily brings to mind the physical features of the work setting such as lighting conditions, noise levels, ambient temperatures, vibration sources, and atmospheric composition.  In air carrier maintenance, the three considered most important for worker proficiency are lighting, noise, and temperature. While a perfect work environment would be desirable, the nature of aircraft maintenance means that certain features of the workplace will be less than optimal  
Maintenance takes place, for the most part, in large hangar facilities that must hold aircraft, test stands, and maintenance equipment. Since aircraft must be moved in and out of a hangar from time to time, environmental control can never be perfect.  In addition, some maintenance, particularly at line stations, must be conducted outside where technicians are at the mercy of the elements. Maintenance managers recognize that the environmental conditions under which maintenance is conducted are not perfect and work on programs of continuing improvement.
Currently, Serbian air force maintenance units work in facilities which are not fully conditional and do not meet the requirements of international reference standards. According to the requirements of ISO 9001 quality management systems based on which unit and the Army of Serbia Institutions dealing with the maintenance and testing requirements for armament and military equipment must ensure that samples for testing are clearly marked, isolated and secured from unauthorized access during the duration of the test.

Numerous international regulations and standards are treated define requirements for quality requirements in terms of energy-efficient facilities construction continent intended for accommodation of personnel involved in the maintenance and testing of aviation facilities. Of these standards for its comprehensiveness stand out:

· UNIFIED FACILITIES CRITERIA (UFC) AIRCRAFT MAINTENANCE HANGARS:  TYPE I, TYPE II AND TYPE III 
· JAR-145: APPROVED MAINTENANCE ORGANISATIONS.
2. Upcoming tasks

Understanding the conditions that predispose a worker toward maintenance errors could pay big dividends in safety, profitability and employee satisfaction. With competition continually increasing, the advantage of helping employees do their best by optimizing their environment is in the best interest of the Serbian air force.

In the immediate future it is planned to introduce serial trainer airplanes „Lasta” into service of Serbian air force. According to the current „Rule of aviation technical services” this type of aircraft has to be stored in a proper equipped hangar. „Lasta” is equipped with digital instrumentation, sensitive to the influence of low temperatures and humidity. For this reason it can be said that there is a risk of malfunction and functional defects of digital equipment, especially in the winter, if there is no adequate accommodation indoor conditions.

Also, in the upcoming period of time, Serbian air force is expected to start with modernization of planes „Galeb G-4” and „Eagle”. These planes will be also equipped with digital instrumentation and avionics. Most modern aircraft are equipped with devices based on digital technology and therefore requires a controlled microclimate and adequate storage conditions. The need for adequate accommodation facilities for basic maintenance, testing, performance measurement became the limiting factor in the Army of Serbia.

3. Safety issue

Airline safety depends on a multitude of individuals and professions, but there are three groups that stand in the forefront of this task: the pilots who fly the aircraft, the air traffic controllers who direct and choreograph flights, and the aviation maintenance technicians who keep the aircraft maintained and flying. However, little attention has been focused on the aviation maintenance technician (AMT), whose work directly interfaces with each and every flight, starting with backing away from the gate, to blocking, and finally engine shutdown.  Although the working environment of pilots and air traffic controllers is usually comfortable and uniform, the opposite exists for the working environment of area AMTs.  
In fact, the working environment for AMTs can vary considerably from day to day and from task to task. Hot days can be made worse by working in confined aircraft quarters or in poorly ventilated hangers.  Working temperatures within hangers can vary greatly from floor to tail section, depending on the height at which the AMT is working. In addition, there is engine noise to cope with and poor weather when working on flight lines. [4]
Maintenance errors also contribute considerably to operational costs.  Maintenance errors have many root causes. They can be the result of policies and procedures, lack of training, lack of proper equipment, equipment which is of poor design, environmental factors, lack of communication, high workload, fatigue, drugs, illness and stress. 
4. Most important influence factors

4.1 Temperature

Little doubt exists that cognitive performance is much more sensitive than physical performance to the effects of fatigue producing heat. Exposure to 32 ºC heat with 80 % humidity for 20 minutes has been shown to decrease attentiveness by 30 % and cognitive reasoning by 55% to 65%. Additionally, working in hot humid weather has been said to be cognitively similar to working at altitudes of 14,000 feet.  With a rise in temperature  from 20 ºC to 30 ºC, reading and comprehension drop 30 % and as time pressures increase, both day and night workers show increased deterioration in performance. Heat stress can be overcome at the expense of additional effort, but this extra effort appears to function by narrowing an over-engaged focused attention, at the expense of divided attention and flexibility. As body temperature rises with heat stress, there is a false increase in subject confidence accompanied by an increase in risky decision making.  
Heat though is not the only temperature issue in performance. Skin temperatures of 2-4 ºC, have been found to have no effect on simple auditory and visual tasks, but had significant effects on complex mental processing, analysis, and short-term memory. Cold can also impair performance by decreasing manual dexterity and strength when hand skin temperature drops. Lower body temperatures, even with warm hands, can still bring decrements in performance from brain impairments. 
Rapid cooling of skin brings with it a significant level of discomfort, distraction and urgency, whereas the deeper cooling that occurs over longer exposure periods may produce a dazed state or numbness that has a slowing effect on time estimates. Lower skin temperature appears to increase time estimates whereas deep tissue cooling slows time estimates. One of the dichotomies in performance and temperature is that initially sudden temperature change can have a stimulating effect. However, this effect can wear off after a short period and begin to produce performance decrements. Finally, heat has been shown to consistently produced performance decrements on a variety of tasks, but when experienced with the effects of noise, performance decrements worsen. 

4.2 Noise

No one familiar with aviation will question whether noise is an issue in the industry.  This is especially true for AMTs that work on or close to the aircraft. Noise affects performance in a variety of ways that ultimately increase the incidence of accidents. The non-auditory effects of noise are summarized in an International Civil Aviation Organization (ICAO) circular. Psychologically, it increases annoyance, frustration, anxiety, workload, and fatigue.  Physically, noise exposure increases hearing loss, heart rate, blood pressure, headaches, tiredness, and gastrointestinal problems. In addition,  with increased levels of noise,  there is steady decline in visual convergence and accommodation resulting in an increase in errors and reading times. 
Noise decreases search and memory tasks and narrows one’s attention to a central task at the expense of peripheral tasks. Blood pressure increases with increasing exposure in 80% of studies, and appears to be the result of a sustained peripheral vasoconstriction, possibly the result of a reduced frustration threshold. Noise levels of 69 decibels (dB) increased annoyance levels and required increased effort over that of 46 dB. Similar findings show that noise decreases a subjects’ resistance to frustration and tolerance, lowers mood and feelings about one’s environment, and reduces one’s perception of competency and aspirations. Lower noise levels (50-60 dB) appear to increase detection performance while louder noise (75 dB vs. 94 dB) accelerates the onset of decrements in performance. The effects of noise increase with increasing dB levels, longer exposure, and greater time-on-task. Serial reaction tasks have been shown to decrease after five hours exposure to 75 dB, whereas at 95 dB, increased lapses of monitoring began after 30 minutes. 
When actual productivity is measured at two different levels of noise, over days and weeks, the production curves are very similar in shape for both high and low noise groups, with the exception that higher noise shifts the entire productivity curve downward across all work periods. The type of noise is also an issue.  Periodic intermittent noise has been shown to affect performance more than continuous noise.  Intermittent noise slows performance, produces decrements in subsidiary tasks and multiple tasks and increases response time (85dB). Higher frequency noise also has a greater effect than low frequency noise.
4.3
Lighting

The invention of the light bulb brought with it substantial increases in human productivity. Measuring the relationship between lighting and job performance has traditionally focused on output per unit of time or measures of accuracy, errors or number of accidents.  Early research into lighting and workplace accidents found an inverse relationship between accidents and light levels (Vernon, Ibid.). Lower illumination was related to a higher number of accidents. More recently, increased illumination has been found to increase vigilance, task accuracy, and output.  Recent research indicates that at 300 and 500 lux, there is a concomitant increase in accuracy of task performance with increased lighting. In relatively low light, and 170 lux, auditory vigilance task performance improved with increased illumination.
 A partial explanatory mechanism for this may lie in the neurophysiology of the human brain. At the brain level, increasing levels of light have a suppressing effect on neurotransmitters that decrease alertness and increase drowsiness. Another reason for the increase in human performance is that light functions by allowing the resolution of detail and faster visual processing.  Factors that affect the amount of illumination necessary to do a given task depend on the size of the stimuli or object, the level of contrast in the task or object, and the age of the individual performing the task. 
Thus, the smaller the object and the less contrast with the surroundings in which task must be performed, the greater the necessary illumination.  With age, there is a greater need for increased task lighting.  This is the result of a decrease in visual acuity due to increased scattering of light by the lens of the eyes.  This scattering effect decreases the contrast, requiring higher illumination to distinguish objects. In aviation maintenance, this could create problems in crack inspections, and the repair and inspection of wiring where wires are fine or the color coding are of low contrast. [3]
Much of the recent literature on lighting requirements is concerned with the cost of providing light - purchase price, operating expenses, or maintenance.  However, the purpose of lighting is to allow rapid and effective human performance.  The costs of personnel time and the potential cost of even a single human error are orders of magnitude higher than the costs of providing the lighting.  Thus, in this study, adequacy of lighting is the major criterion for lighting choice. This brief review addressed some environmental issues that are believed to be issues in AMT working environments. Many of the noise, temperature and lighting levels cited above are considered relevant measures in this profession and may be factors in the occurrence of maintenance errors and accidents. [2]  

5. Possible solutions

Contemporary modular hangars were carried out in a manner that are energy efficient and provide a reduction in heating costs by 40% compared to the existing ones. [4]  
These are T-type hangars which provide partial air conditioning working and accommodation space. The construction of this type of hangars could accommodate all aircraft scheduled for modernization or some of the new generation fighting planes. These problems exist for 18 years and so far are unsolvable problem for Serbian army.

One of the most important work support systems is the maintenance hangar. This hangar provides an environment that protects both aircraft and workers from the weather.  This capability is very important during inclement weather.  Within these hangars, a variety of work support systems aid technicians in their activities. Fixed and mobile work platforms allow individuals performing the work, that is, the mechanics, inspectors and cleaners, to access an aircraft quickly, easily, and safely as they perform their assigned work tasks. Easy access allows a worker's energy to be spent in the actual accomplishment of the work task.

Resolution for the „Republic of Serbia joining the European Union ( "Official Gazette of RS", No. 112/04) and the National Strategy for Serbia and Montenegro EU - June 2005, the resulting requirements for establishing a new system of health and safety at work in contemporary conditions. According to this paper it is necessary to introduce elements that affect to the creation of safe and healthy working conditions, such as the introduction of the prevention principle for accidents and occupational diseases; active involvement of occupational health services; introducing the principle of responsibility of the work organizers to implement measures in the field of safety and health at work;
Construction and building of the hangar for the current financial possibilities for Serbian army is "big bite". But it seems to be the only realistic solution for the problem is founding financiers out of Army system such as for example the various EU projects that provide better protection of the environment and improve working conditions. Legal basis hangar construction project can be found in the strategies, laws, conventions, protocols and directives of the EU and the respect for the key principles relating to the provision of adequate working conditions promoted in these documents, such as for example:

• The National Security Strategy of the Republic of Serbia,

• Strategy of Scientific and Technological Development of Republic of Serbia for the period from 2010 to 2015 ( "RS Official Gazette", Nos. 55/05, 71/05-correction, 101/07 and 65/08)

• Strategy and Policy Development Industry of the Republic of Serbia ( "Official, Gazette RS", no. 55/05, 71/05 - correction, 101/07, 65/08 and 16/11)

• Strategy for health and safety at work in the Republic of Serbia for the period 2009 to 2012 ( "RS Official Gazette", Nos. 55/05, 71/05-correction, 101/07 and 65/08)

• The Kyoto Protocol on climate change since 16.02.2005. was ratified by the RS 24.09.2007.godine.

• The Montreal Protocol of 1987 on the obligation of reducing the consumption of non-organic freon to their final out of use, at least until 2030, ratified by the Republic of Serbia in 2007.

• Convention no. 155 on occupational safety and health and the working environment (ratified in 1987)

• EU Directive (Council Directive 89/391 / EEC of 12 June 1989 on the introduction of measures to encourage improvements in the safety and health of workers at work, as well as other specific directives adopted on the basis of Art. 16 of the Directive).

• Council Resolution on safety, hygiene and health at work of 21 December 1987 (03/02/1988 OJ.No.S 028. R.);

• The EU Strategy for Safety and Health at Work for the period 2002 to 2006.

• Rules on preventive measures for safe and healthy work in the workplace (Council Directive no. 89/654 / EEC of 30 November 1989 on the minimum required for safety and health at the workplace, 31989L0654);

• Rules on preventive measures for safe and healthy work when using the work equipment, (Council Directive no. 89/655 / EEC of 30 November 1989 on the minimum required for safety and health of employees when using the work equipment at the workplace, i 31989L0655 Council Directive no. 95/63 / EC of 5 December 1995 amending Instruction no. 89/655 / EEC on the minimum required health and safety when using work equipment at the workplace, 31995L0063 and Instruction no. 2001/45 / EC of the European Parliament and of the Council of 27 June 2001 amending Council Directive no. 89/655 / EEC on the minimum required health and safety when using work equipment at the workplace (text that applies to the European economic zone), 32001L0045);

• Rules on preventive measures for safe and healthy work when exposed to natural hazards - ionizing radiation in controlled zones (Council Directive no. 90/641 / Euratom of 4 December 1990 on the operational protection of employees in the open exposed to the risk of ionizing radiation during the performance their activities in controlled areas, 31990L0641);

• Rules on preventive measures for safe and healthy work when exposed to natural hazards - noise, (Directive no. 2003/10 / EC of the European Parliament and of the Council of 6 February 2003 on the minimum protection of employees from risks arising from exposure to physical hazards (noise ), 32003L0010);

• Rules on preventive measures for safe and healthy work when exposed to natural hazards - vibration (Directive no. 2002/44 / EC of the European Parliament and of the Council of 25 June 2002 on the minimum protection of employees from risks arising from exposure to physical hazards (vibrations ), 32002L0044);

• Rules on preventive measures for safe and healthy work when exposed to natural hazards - electromagnetic radiation (Directive no. 2004/40 / EC of the European Parliament and of the Council of 29 April 2004 on the minimum protection of employees from risks arising from exposure to physical hazards ( electromagnetic radiation), 32004L0040);

• Commission Regulation (EC) No 2042/2003 of 20 November 2003 on the continuing airworthiness of aircraft and aeronautical products, parts and appliances, and on the approval of organizations and personnel involved in these tasks;

• Health, Safety and Environment Committee (1992): Temperature at work, Regulation 7 of the Workplace and associated Approved Code of Practice (ACOP);

• Checklists for hazards and sectors, European Agency for Safety and Health at work;

• ENRGY Policy Act of 2005;

• ASHRAE 62-2001 Ventilation for Acceptable Indoor Air Quality;

• Standard 90.1-2007 Energy Standard for Buildings Except Low-Rise Buildings Residential;

• CAP 716 Guidance Material on the UK CA A Part- Interpretation of CAR 145 Human Factors and Error Management Requirements,

• UFC 4-211-01N Aircraft Maintenance Hangars: Type I, Type II and Type III

6. Possible risks of „doing nothing”
Refusation of the proposed solutions, Serbian army leads to remaining of situation where due to the absence of a relatively small investment compared to the total value of aviation resources placed at inadequate condition and exposed to the impact of unfavorable weather conditions (sun, rain, snow, ice, humidity ...) would result in a high financial or material losses for Serbian army in near future.
Working conditions in the existing facilities are partially inadequate. Maintenance and test equipment, maintenance personnel during daily operation are exposed to the impact of low and elevated ambient temperature, very low light, noise impact, the impact of fuel vapor and chemical sources of electricity. And despite the use of funds for personal protection is not possible to reduce the disadvantages of collective protection measures.

Modernization of aircraft of the type „Galeb G-4”, viewed from a purely financial point of view, requires twice as much funds comparing to costs of building just one air conditional hangar with  equipment for vertical cargo trucks (cranes), with room for chemical sources of electricity (batteries) accommodation and with the appropriate automatic fire fighting equipment.

7. Conclusion

Realizing a long-term project will solve the perennial problem of accommodation of aviation assets that are in the process of verification and homologation tests in the institutions of the Army of Serbia.

The Army of Serbia shall be financed from the budget of the Republic of Serbia MD. However, the provision of adequate working and storage space can create conditions for significant financial income from the provision of services in the domestic and international market as the realization of the project will be supported through diversification of supply and the possibility of cooperation with interested customers at a higher level. Maintenance and ongoing operating costs and depreciation facility and installed equipment is currently run only at the expense of the MoD.

 The specific objectives of construction of hangars must, among other things go in the direction of meeting the requirements stated in item 145A.25 Facility requirements, point (s) indents 1-6. These are requirements relating to the exercise of microclimate conditions that allow the work of staff assigned to testing and maintenance of aircraft without feeling discomfort. 
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