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Introduction




The study of aviation human factors is about understanding pilot behaviour and limitation, which is of great importance to the private pilot. Although aircraft accidents are rare, when an accident does occur, one of the leading causes is often human factors. An aircraft accident is seldom caused by a single factor and is often a result of an accumulation of minor factors. A crash is more likely to occur in a high-stress environment when a pilot is running late (adding time pressure), feeling tired, or the weather conditions are poor, but not terrible. A minor malfunction in an aircraft system is likely to result in higher workload and distractions. In this environment, a pilot’s thinking becomes strained, and errors begin to occur, such as forgetting to follow set procedures or flying into unsuitable weather conditions. The first error does not necessarily lead to an accident. However, it leads to more errors occurring, each error resulting in reduced safety margins, which if left unchecked, can lead to disaster.



This book explores a wide range of factors that can adversely influence pilot performance. The first part of this book explores human physiology; covering subjects from hypoxia (low oxygen levels), vision, hearing and various medical issues. We will then move into the brain in the study of psychology; exploring how the brain processes and stores the vast amounts of information pilots are bombarded with and how the brain can be led astray. The final part of this book considers several emerging topics; from ergonomics, safety culture and post-crash survival.

Human factors has not always been considered an essential subject for pilots to study. In the early days of aviation, aircraft accidents occurred often, and although pilots have always been prone to errors, poor aircraft design or flying into unfavorable weather conditions were more likely to be the cause. From the 1950s, aviation safety steadily improved. With advances in aircraft design, mechanical failure has become less common, and when a failure occurs, back-up systems can bring the stricken aircraft safely home. Adverse weather is still a significant threat to pilots, but improvements in weather forecasting allow pilots to avoid many hazardous weather conditions. In comparison, safety improvements in human performance have been somewhat slower. Human factors are now the primary cause of over 80% of aircraft accidents. The study of human factors is now one of the major areas a pilot must master to operate an aircraft safely, which is further enhanced by a range of safety initiatives to tackle some of the human factor problem areas. Considering the severe consequences that can arise when things go wrong in aviation, it is essential to understand the wide range of factors that can influence pilot performance. 



Chapter 1: The Air We Breathe
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This chapter will explore how the atmosphere influences a pilot’s ability to operate safely, with a particular interest in changing oxygen levels in the atmosphere. We will see how oxygen is delivered to different parts of the body and problems that occur when the body has insufficient oxygen. Finally, this chapter will explore how sudden and large pressure changes can result in serious health problems.  

The Atmosphere

The atmosphere is the layer of gases that surround the earth. If a pilot strays too high in the atmosphere in an unpressurised aircraft, they can very quickly suffer hypoxia. This potentially fatal condition can trick the body into thinking nothing is wrong.


Changes in atmospheric pressure are the most important aspect for us to consider. In simple terms, atmospheric pressure is the weight of the air above a certain point. In aviation, atmospheric pressure is usually measured in hectopascals (hPa) or inches of mercury (inHg), with the average atmospheric pressure at sea level 1013hPa or 29.92inHg. Pressure can also be expressed in millimeters of mercury (mmHg), which is 760mmHg at sea level. Climbing higher in the atmosphere will result in less overlying air, reducing the atmospheric pressure, as shown in Figure 1.1. Atmospheric pressure changes quickly near sea level, reducing to three-quarters of sea level pressure (750hPa) by 8,000 feet. However, higher in the atmosphere, the rate of pressure change slows. Half sea level pressure (500hPa) is found around 18,000 feet, and quarter sea level pressure (250hPa) around 34,000 feet.  





Figure 1.1: Atmospheric pressure change in the atmosphere 



Atmospheric pressure has a direct impact on the amount of oxygen available. At sea level, a volume of air contains a mixture of gases. Nitrogen contributes the largest proportion at 78%. Oxygen contributes 21%, with the final 1% a mixture of gases, from argon to carbon dioxide. Each gas also contributes to the total pressure of a unit of air (1013hPa, 29.92inHg or 760mmHg at sea level). The oxygen component alone contributes 160mmHg towards the total pressure, which is referred to as the partial pressure of oxygen (at sea level).





Figure 1.2: Proportion of gases in a unit of air and partial pressures at sea level  



Although atmospheric pressure reduces with height, the proportions of each gas remain the same. For example, at 18,000 feet, a unit of air will still contain 78% nitrogen, 21% oxygen and 1% other. However, as the atmospheric pressure has reduced, the mass of each gas has reduced. Therefore, the partial pressure of oxygen reduces with height, which can have a dire impact on a pilot’s ability to stay alive – let alone fly an aircraft.


Respiratory and Circulatory System


The oxygen in the atmosphere enters the body via the respiratory system, which then delivers it to the cells in the body via the circulatory system. Each breath inhaled sends about 500ml (half a quart) of air towards the lungs, as shown in Figure 1.3. This air travels down the trachea before entering each lung. In each lung are tiny air sacs called alveoli. Millions of these tiny alveoli are found in each lung, which transfers oxygen into the bloodstream. The amount of oxygen transferred (diffused) into the bloodstream is directly proportional to the pressure of the air that has been inhaled. Lower atmospheric pressure (i.e. higher in the atmosphere) results in less oxygen entering the bloodstream.





Figure 1.3: Basic components of the respiratory system



Blood in the circulatory system is made up of four main components; red blood cells, white blood cells, plasma and platelets, each of which has a different function. Red blood cells primary function is to transport oxygen. Red blood cells each contain hemoglobin molecules which oxygen can bind to. Red blood cells also play an essential role in transporting carbon dioxide back to the lungs. When oxygen is used in the body, one of the by-products it creates is carbon dioxide. Carbon dioxide exits the body using red blood cells (and hemoglobin molecules) which transports it to the lungs to be exhaled.



The heart plays a critical role in the circulatory system by pumping blood throughout the body. In an average human at rest, the heart beats 60-100 times a minute, resulting in 5 liters (1.3 gallons) of blood passing through the heart every minute. Blood travels in veins and arteries, as shown in Figure 1.4. Veins transport blood towards the heart, with most (but not all) veins transporting deoxygenated blood (carbon dioxide-rich). In contrast, arteries transport blood away from the heart, with most (but not all) carrying oxygenated blood. Capillaries are located throughout the body where oxygen is exchanged between the bloodstream and the bodies organs.





Figure 1.4: Basic components of the circulatory system


Hypoxia

Hypoxia is a condition in which the body has insufficient oxygen. Hypoxia can occur in a range of situations – including at sea level (e.g. carbon monoxide poisoning). The primary type of hypoxia that impairs pilots is called hypoxic hypoxia. Hypoxic hypoxia occurs when a person enters a low oxygen environment; for pilots, this can happen when flying too high in an unpressurised aircraft. Hypoxia is very dangerous due to the symptoms gradually developing and is very difficult to detect, as highlighted in the following case study;


On the night of 23rd January 2003, a Piper PA28, single-engine aircraft was conducting a flight across Utah, USA. Despite flying in an unpressurized aircraft, without supplemental oxygen, the pilot climbed to 16,000 feet. Performance can seriously deteriorate in less than 15 minutes at this altitude. The pilot’s communication with ATC became inconsistent, with many radio calls unintelligible. The aircraft began erratic flight path changes, with rapid changes in altitude and direction. Despite it being a clear night, the pilot reported having trouble with her night vision. 45 minutes after reaching 16,000 feet, the aircraft engine suddenly stopped due to fuel starvation. The aircraft entered a rapid descent and impacted terrain at high speed. On investigation, the aircraft had plenty of fuel onboard in an unselected fuel tank. The pilot was likely suffering from hypoxia, leading to failure to follow proper fuel management procedures.



If a pilot flies higher in the atmosphere, there is an increased risk of suffering hypoxia due to the reducing oxygen levels. Most small aircraft are unpressurized; therefore, the oxygen available inside the aircraft is the same as outside the aircraft. The previous topic highlighted that atmospheric pressure at sea level is usually 760mmHg (or 1013hPa, 29.92inHg), with the partial pressure of oxygen at 160mmHg. When this sea-level air is inhaled, the mixture of gases in the lungs changes slightly. Inside the lungs, there is a higher concentration of carbon dioxide and water vapor (compared to outside the lungs). As a result, inside the lungs, the partial pressure of oxygen is about 104mmHg. The body is well adapted to operate with this level of oxygen. Climbing higher in the atmosphere will reduce the partial pressure of oxygen. At 10,000 feet, the partial pressure of oxygen inside the lungs reduces to 55mmHg. The body can compensate for the reducing partial pressure of oxygen by increasing the rate of breathing, which works reasonably well up to around 10,000 feet. However, above 10,000 feet, the body starts to struggle due to insufficient oxygen available.



Hypoxia symptoms develop gradually. The brain is most susceptible to reducing oxygen levels; therefore, cognitive performance and vision are some of the early functions to develop symptoms. One of the earliest symptoms of hypoxia is euphoria and impaired judgment, which makes it difficult for pilots to detect that they are suffering from hypoxia. Night vision can be compromised as low as 5,000 feet. Other symptoms include confusion, difficulty performing basic tasks, loss of short-term memory and uncharacteristic behaviour (e.g. becoming quieter or chattier than usual). If exposed to a low oxygen environment for a prolonged period, blue lips and fingertips (cyanosis) may appear, which is caused by reduced oxygen levels in these areas. One of the final symptoms of hypoxia is unconsciousness and then eventually death.


There can be a considerable variation in a pilot’s tolerance and symptoms of hypoxia. Several underlining conditions increase a pilot’s risk of hypoxia. A pilot that smokes will likely suffer from hypoxia earlier (at a lower altitude) than a non-smoker. Fatigue, stress, level of physical activity and rate of ascent will also influence a pilot’s tolerance to hypoxia. The best way for pilots to reduce the risk of hypoxia is to avoid flying above 10,000 feet unless flying in a pressurized aircraft or breathing supplementary oxygen (i.e. oxygen mask attached to an oxygen bottle). Short periods flying between 10-13,000 feet are generally acceptable, provided they last no more than 30 minutes.

The key to treating hypoxia is to increase the amount of oxygen available. If supplementary oxygen is available, then ‘don your oxygen mask’. If not, descend below 10,000 feet. A person suffering from hypoxia will usually recover swiftly once normal oxygen levels are restored. 

Hyperventilation

Hyperventilation is also known as over-breathing, triggered by several factors including anxiety, panic, nervousness or stress. The body maintains a delicate balance between oxygen and carbon dioxide levels. Over-breathing results in too much carbon dioxide being exhaled from the body, therefore leaving a low level of carbon dioxide in the body. The low level of carbon dioxide in the body can result in a range of symptoms, including dizziness, light headiness, vertigo (feeling sick) and rapid breathing. If hyperventilation persists, unconsciousness may occur.
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