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壹、會議目的

行政院飛航安全委員會（以下簡稱本會）為國際飛安基金會（Flight Safety Foundation）會員。歷年來均派遣主管級人員出席該年會，與世界各國飛航事故調查機構、航空公司及航空器製造商等，就飛安相關議題、技術與趨勢進行研討交流。
國際飛航安全研討會(International Air Safety Seminar，IASS)始於1947年，原由國際飛安基金會主辦，每年舉辦一次。此年會吸引超過50個國家，共600多位代表與會。1992年起與國際適航聯盟（IFA）合辦年會，1995年起，國際航空運輸協會（IATA）亦為主辦單位之一。
本次於夏威夷舉辦之第61屆國際飛航安全研討會，係由本會執行長代表出席。預期在拓展國際交流可獲得成效，並對提升本會飛安失事調查技術，及促進我國飛航安全有所助益。
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貳、會議過程紀要

本次研討會是由國際飛安基金會（FSF）、國際適航聯盟（IFA）及國際航空運輸協會（IATA）共同主辦，於民國97年10月27日至10月30日在夏威夷舉行。與會者多為飛航安全相關領域之專家、學者及軍、民航業界人士等。

本次研討會之主要議題如下：

· 全球最新航空消息（Global Update）

· 現行安全措施（Current Safety Initiatives）

· 人為因素與組織管理（Human Factors and Organizational Management）

· 飛航安全資料分析及分享（Aviation Safety Data Analysis and Sharing）

· 跑道安全（Runway Safety）

· 安全管理系統（Safety Management System）

· 風險管理（Risk Management）

· 飛行操作與技術（Operations and Technology）

· 航空器維修（Aircraft Maintenance）

· 失事分類及學習（Accident Classification and Lesson Learned from Accidents）

本次研討會共收編33篇航空相關領域之研究成果，其題目及作者如下：
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參、會議心得

1、 近年來重大失事統計
2008年1月1日至10月24日，全球民用噴射機(Commercial Jets)，包含定期及非定期，客運與貨運，共發生16件重大失事(Major Accidents)，如圖1。其中6件發生在進場或落地階段，2件屬於航機可操控下觸地失事(CFIT)，5件屬於航機失控失事(此類造成之死亡人數最多)，4件屬於衝出跑道型失事(2件是在起飛階段)。
”Major Accident”，其定義為：
An accident in which any of three conditions is met:

1. Aircraft Destroyed, or

2. Multiple Fatalities to Occupants, or

3. One Fatality and Aircraft Substantially Damaged.

其中”Destroyed”係依據Ascend Damage Index(ADI)，ADI為航機維修成本除以當時新機的成本，若大於50%則歸類為”Destroyed”。

圖2為過去10年重大失事統計圖，由於資料取得問題，失事率部分僅包括西方製航空器，東方製航空器之母體則無法取得；但重大失事數統計則是包含東/西方製航空器。

另由5年移動平均失事率圖來看，如圖3，近幾年重大失事發生率下降趨勢有趨於緩和之跡象。
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FAA Runway Incursion 

Categories

n

Category D

–

Little or no chance of collision 

but meets the definition of a runway incursion

n

Category C

–

Separation decreases but there 

is ample time and distance to avoid an potential 

collision

n

Category B

–

Separation decreases and there 

is a significant potential for collision

n

Category A

–

Separation decreases and 

participants take extreme action to narrowly 

avoid a collision or the event results in a 

collision

圖1  2008年民用航空重大失事

圖2  近十年民用航空重大失事數目及失事率統計圖
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Number

Percent of Total

Incursions:    10 

(.8/year)

.7%

Excursions:  379 

(29.1/year)

28.5%

Confusion:      4 

(.3/year)

.3%

Runway Safety Accident Data

1995 

–

2007

1,332 Total Accidents


圖3  近十年民用航空重大失事率5年移動平均統計圖

2、 主要重大失事類型統計

近20年來，CFIT、進場及落地期間失事及航機失控(Loss of Control，LOC)皆為航空器失事之主要類型，亦佔人員死亡極大之比例。2008及近十年，此三大類型之重大失事統計，分別如圖4、5、及6。

CFIT失事部分，圖4為1993年-2007年之CFIT統計圖，除了2004年外，每年都有發生CFIT重大失事。圖4中紅線為近5年之移動平均，由此我們可以知道CFIT有緩慢的改善趨勢，要維持低的CFIT失事率並不容易，而研究指出地面防撞警告系統為預防CFIT之有效工具。
進場及落地期間失事部分，圖5為1996年-2007年之統計圖，此類失事發生的原因大都相同，如天氣、不穩定進場、或未執行重飛。FSF提供之工具ALAR Tool Kits在航空界已經廣為使用，相信對降低此類型失事有所幫助，新版的ALAR Tool Kits預計於2009年問世，將會納入預防衝出跑道之模組。

LOC失事部分，圖6為近12年來之統計圖，由圖中可以發現，LOC型失事並無明顯的改善趨勢，甚至其佔人員死亡之比例已經超過CFIT。

LOC 失事之定義如下：

A loss of control accident is an accident in which an aircraft is unintentionally flown into a position from which the crew is unable to recover due to either aircrew, aircraft, environmental, or a combination of these factors.
LOC有兩種主要類型，分述如下，其中類型一是可以透過Upset Recovery的操作技術改正的：

First, there is the type that upset recovery training will help reduce the risk and hopefully prevent the accident.  In most of these cases the crew normally has full control of the aircraft at all times.

The second type of loss of control accident is one in which no amount of upset recovery training will help – e.g. taking off with ice on the wings or with the flaps and slats up.
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Runway  Safety Fatality  Data

1995 

–

2007

Number of Fatal Accidents

(Onboard Fatalities)

Incursions:         5             

(129)

1,332 Total Accidents

(464 fatal accidents (35%))

Excursions:        31            

(680)

Confusion:          2             

(132)


圖4  2008及近十年CFIT失事統計
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圖5  2008及近十年進場及落地期間失事統計
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圖6  2008年及近十年LOC失事統計

3、 錯覺、空間迷向及失控

錯視，又稱視錯覺（optical illusion），意為視覺上的錯覺。屬於生理上的錯覺、主要產生錯覺的原因包括由外界引起的幾何物理錯覺、由知覺引起的心理錯覺及由感覺器官引發的錯覺；特別是關於幾何學的錯視，以種類多而為人所知。

· 幾何學錯視

視覺上的大小、長度、面積、方向、角度等幾何構成，和實際上測得的數字有明顯差別的錯視，稱為幾何學錯視。
· 生理錯視

主要來自人體的視覺適應現象，人的感覺器官在接受過久的刺激後會鈍化，也就造成了補色及殘像的生理錯視。

由於白光是由不同波長的色光所組成的，所以任何兩種色光加在一起可成為白光者，這兩色就互為補色。

而視網膜上的細胞受某種色光刺激後，會對該色產生疲勞，所以在視線離開該色後，該部分的細胞暫無法作用，而未受刺激的另一部分細胞開始活動，因而產生另一種視感，也就是補色的殘像。

另外還有因為視覺疲勞而產生的視覺暫留現象也是，視覺暫留現象就是現今動畫的原理。

「空間迷向」是由於飛機在三度空間進行運動時，加上了飛機速度的隨時變化，因此這種四度向量的交雜影響，將會使飛行員面臨失去對環境的判斷能力。 

基本上空間迷向不局限於黑夜，當外界天氣不好狀況下(如飛機進雲)也會造成空間迷向，這個時候相信儀表，因為有些重要儀表都是採用機械連動裝置，相信儀表才能順利解出空間迷向。

在晴空萬里的日子裡飛行，飛行員就只憑藉著「視覺」即可掌握空間定向；但在惡劣天氣視線不良情況下，「本體位覺」和「前庭」就取代了「視覺」來作空間定向，前庭感受器包括三半規管和耳石器（球囊、橢圓囊）已因飛行中的不斷變化的加減速度無法正確地傳達人體當時的真正空間位置，如此即造成了所謂的「空間迷向」（Spatial Disorientation）。

空間迷向又可分為四種，介紹如下：

1. 體旋轉錯覺：

又稱「死亡螺旋」，發生在飛行員於連續轉彎後改為平直飛行，此時三半規管內的內淋巴液由於慣性作用還會沿著原先轉動的方向流動幾秒，如此卻向前庭神經核傳遞了錯誤的訊息。飛行員已經改為平直飛行了，但感覺上卻是在轉彎著。倘若不知道此時的「三半規管」已不可信賴，無法當下藉「視覺」的主導作用（地平線或視界參考物）進行矯正或利用改飛儀表來克服的話，就會依飛行員本能的反旋轉錯覺再改正，如此使得飛機持續打轉直到墜落。

2.體動力錯覺：

是指飛機剛加速起飛時，在加速前進的剎那會有機頭上仰的錯覺，這時看到的目標物都會向上方移動；相反的，在飛機突然減速時，飛行員會產生機頭下滑的錯覺，此時所看到的目標物則呈向下方移動。

3. 科里奧利氏錯覺：

最容易在飛行員回頭察看或作低頭動作時發生，我們知道水平半規管負責旋轉，前半規管負責俯仰，後半規管負責滾轉，三個半規管互相垂直。若人體沿X軸作順時鐘迴轉，而頭部向Y軸轉動時，會因科里奧利氏加速度的作用，產生了向Z軸轉動的錯覺。因此飛行員在作角加速度動作時，頭部必須保持固定，不得任意動頭，如此方可避免定向錯誤。

4.傾斜錯覺：

當飛行員向一側緩慢傾斜時，剛開始半規管因角加速度還小，並沒有飛機已經傾斜的感覺。而當從儀表中發現機身偏斜，此時突然依儀表指示快速將飛機改平，飛行員會產生飛機仍向反方向傾斜的錯覺。

飛行員受到「空間迷向」影響的程度，因個人的體能、經驗與意志力而有所不同，無法百分之百防範或消除。但是有許多訓練設施可以模擬「空間迷向」的各種情境，來訓練飛行原熟悉各種可能的判斷，以降低其臨場的恐懼，提升其判斷正確方向的能力。有一種叫做Barany Chair 的裝置就是用來訓練飛行員降低「空間迷向」效應的訓練設施。這種設施對訓練飛行員失事時座艙被彈射到空中瞬間所發生「空間迷向」的狀況處理最為有效。

另外，夜間迷航通常是因為海面跟天空都是黑的，在動作過程中如果沒有適時參考儀表或是其他外界參考物很容易就會發生夜間迷航，例如把海面當成天空。
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The threat is well known 1o all, but it keeps killing, just the same.
Recoghnize it and counter it, and keep the blue side up.

By Dick McKinney

ack in August 1962, my F-100D

Super Sabre squadron was tasked

with conducting a “Spoofing

Mission” against the Russian,

Chinese, North Korean and
Japanese militaries in a single flight. It was
during a tdme of high Cold War tension and
bluffing games were played by all to test the
alertness and response times to a threatened
incursion by enemy aircraft.
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My flight leader and I had a small partin
this operation that was fairly simple. Our
mission was to take off in the dark from
Ttazuke Air Base on the Island of Kyushu,
Japan, rendezvous at first light with a KB
50 tanker near the northern end of the
island of Honshu, and after taking on a full
load of JP4, head northwest at 33,000 feet
generally toward Vladivostok with
transponders off to a border area near
Russia, China and North Korea. U.S.
“spook” aircraft and ships were to measure
the enemies’ responses and warn us to turn

back if we were about to be intercepted. If
1o warning came, we were to proceed to a
lat/long fix off the mainland coast, turn
northeast and fly directly toward Misawa
Air Base, Hokkaido, and descend to 500
feet. This last bit was to test the Japanese
Self Defense Force’s ability to see an enemy
strike force coming from that area.

Arising at 0300, I drove to ops in heavy
rain, generated by a typhoon south of
Tokyo. I was sure we weren’t going to
launch and regretted having to leave my
nice bed for a “practice brief.” When I got
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[image: image13.jpg]there, it was business as usual, despite a
waste bucket placed atop the Squadron
Operations Officer’s desk to catch the
rainwater dripping steadily from overhead.

My flight lead, Capt. Cliff Fincher, briefed
me on all required issues despite both of us
being sure we weren’t going. He said, “If we
really do launch, it will have to be a
formation tkeoff. We will never be able to
join up in this storm with tops reported at
37,000 feet. Stay tight, don’t lose me! Trust
me, Pll be as smooth as I can be and I'will be
on my instruments.”

Atthat ime I had logged about 420 hours
flight time, all acquired during basic training,
F-100 combat crew training and local area
checkout flying. T had never flown in weather
like this, but I sucked it up and suited up
when told the mission was a “Go!” The ops
officer said, “A lot of people have worked
hard on this plan and they aren’t going to let
aweak typhoon interfere with this mission.”

‘We taxied out and waited our turn for
takeoff. A two-ship flight made a formation
takeoff before us and save for the glow of
their afterburners, disappeared behind a
curtain of rain within 1,000 feet of brake
release.

‘When we lined up on the runway 15 feet
apart, I was glad to see that Cliff had turned
his instrument kights up bright so I could see
his preparatory and execute signals for
releasing brakes, raising the gear, flaps and
coming out of burner. Making those changes
at the same time made my job of staying on
the wing much easier than it would be if I
were reacting a couple of seconds behind his
configuration changes. Cliff made a windup
signal with his right hand and we ran up the
engines. On his head nod we released brakes
and went into afterburner. After that it was
all formaton flying.

Immediately after liftoff, all visual cues
disappeared and I synchronized gear and flap
retractions with Cliff. But then I felt as
though we were beginning a loop! My senses
insisted we were going almost straight up! T
sneaked a peek into the cockpit and saw a
normal 15-degree nose-up attitude. I
couldn’t believe my eyes and looked again,
but doing so caused me to miss Cliff’s out-
of-burner signal, and T overran my proper
formation position, passing him rapidly on
the right!

Quickly I came out of burner, went to idle,
then came right back in with military power.
That caused the J-57 engine to compressor
stall with a loud bang and send fire shooting
out the intake, but I was back close to normal
formation position. At first, Cliff thoughe I
had blown up, but then just shook his head
when he realized what had happened. The J-
57 had a very effective way of letting you
know you had abused it.

It was hard work to stay in position as we
climbed through the turbulent storm. At
times I had to overlap wings, and even
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moved within 10 feet of Cliff’s wingtip nav
light just to keep him in sight. I was totally
disoriented but didn’t dare look away again.
It felt like we were in an extreme nose-high
attitude and that was exwremely disconcerting
to anyone who has ever seen the footage of
the F-100 pilot who got behind the lift/drag
curve on a go-around and performed a
sickening “Sabre Dance” before crashing.
Not long after I figured we should have
completed our planned 160-degree left turn
to course, it seemed as though we were in a
constant right bank. A few glances inside
showed we were upright, wings level and
steady on our outbound course climbing
through 22,000 feet, The rain got heavier
and it got turbulentagain and Thad to fly so
close to Cliff I was unable to look inside. It
was about this time that I started getting

Two of the biggest
visual/vestibular illusions
are part of every carrier
aviator’s daily routine. A
night catapult shot is from
zero to 150 knots in about
100 feet — a big horizontal
acceleration. Once off the
pointy end of the boat, it is
pitch black — no visual
references. | don't think
you could design a
better training aid for
somatogravic illusions.

nauseated! My internal gyros had dlted; I
literally did not know where “up” was. I
would gladly have thrown up but couldn’t
spare the time to pull off my mask and a
glove to serve as a sick sack. T knew the crew
chief would kill me if I upchucked in his
airplane, so I kept swallowing hard.

We spent the longest45 minutes in my life
in the weather with some of the worst
turbulence I had ever experienced. Finally
the clouds began to lighten up and 10
minutes later we saw our mnker right where
it was supposed to be in the clear at 20,000
feet.

The rest of the mission went as planned.
We didn’t get intercepted and our low-level
flight to Misawa Air Base was uneventful.
The spooks got their information, I guess.
‘We never heard.

Total mission time was a bit under three
hours, but throughout the rest of the day I

felt as though T was grossly hung-over even
though I hadn't taken a drink in days. That
flightwas a defining point in my life. It firmly
convinced me that my vestibular and
somatosensory systems could be fooled and
that I must cross-check and trust my
instruments to tell me which way was up.
“Yes,” you may say, “every pilot knows that.”
Tam here to tell you that hearing and reading
that truth is not nearly as convincing as expe-
riencing it firsthand.

On takeoff I'd experienced “somatogravic
illusion,” or “false nose-high illusion,” which
was followed by “the leans” and “somat-
ogyral illusion” when I turned out of traffic;
this latter illusion can lead to a graveyard
spiral. Confusion and turbulence conuributed
to my air sickness and all of it together
created vertigo. Altogether it was a poten-
tially deadly mix and has been responsible for
an alarming number of fatal accidents.
Incidentally, Cliff told me he had expe-
rienced the same illusions as I and to fight
the false sensations, he kept admonishing
himself to, “Fly your instruments! Fly your
instruments!”

For a better understanding of how these
physiological and visual illusions contribute
to spatial disorientation and loss of control,
I have included pertinent sections of the U.S.
Air Force’s Justrument Flight Procedures
Manna/(AFM 11-217 V1, Jan. 3, 2005).

All pilots are susceptible to illusions
while flying at night, flying in various
weather conditions, flying demanding
maneuvers with extreme linear or angular
accelerations, or even in VMC. In other
words, just about any time. A basic under-
standing of the sensory systems, physio-
logical mechanisms of various illusions,
and conditions of flight where these
illusions may be expected can help the
pilot successfully cope with spatial disori-
entation.

A person’s perception of spatial orien-
tation develops from the interpretation of
sensory input by the conscious and
subconscious aspects of the brain. The
subconscious mind uses sensory infor-
mation from the ambient (or peripheral)
visual system, the vestibular system and
the somatosensory system to maintain
orientation and equilibrium. This infor-
mation is processed automatically at very
high rates and without conscious effort.
The conscious mind ‘employs central
(focal) vision to determine spatial orien-
tation by comparing sensory inputs to
known experiences. In contrast to the
speedy processes of the subconscious,
information processed in the conscious
mind is relatively slow, requiring active
thought, and is normally very accurate.
For earthbound activities, our subcon-
scious orientation system receives
adequate information from the sensory
systems. However, when a person is
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[image: image14.jpg]subjected to the flight environment, these
sensory systems are no longer adapted to
the environment and may provide the
subconscious mind with false information
about its orientation in space. For
example, when flying in IMC or without
reliable external attitude or motion cues,
only the conscious mind, through the use
of focal vision and attention to flight
instruments, can correctly determine true
orientation.

The vestibular system contains the
primary organs of equilibrium and thus
plays a major role in the sensation of
motion and spatial orientation. It aids
vision by providing angular and linear
acceleration information to stabilize the
eyes when motion of the head and body
would otherwise result in blurred vision.
On the ground, the vestibular system
provides reasonably accurate perception
of position and motion. In flight, however,
the ability to sustain motion in the aircraft
results in a mismatch between the
vestibular input of the inner ear and the
actual aircraft motion. To understand how
this vestibular information can be
erroneous, one must look at its two
sensors: the semicircular canals and the
otolith organs of the inner ear.

The three semicircular canals on each
side of the head are positioned at
approximate right angles to each other so
that angular accelerations in any spatial
plane (pitch, roll or yaw) can be detected.
The fluid within the semicircular canals
moves relative to the canal walls when
angular accelerations are applied to the
head. This fluid movement bends sensory
hair filaments in specialized portions of
the canals, which sends nerve impulses
to the brain, resulting in the perception of
rotary motion in the plane of the canal
stimulated.

Since the response characteristics of
the semicircular canal system evolved for
our ground-based environment of sudden
stop-and-go movements, peculiar errors
may be induced during sustained motion
in flight. For example, a very small or
short-lived angular acceleration may not
be perceived accurately, and the resulting
sustained angular velocity may not be
perceived at all, either one resulting in a
large change in actual attitude awareness
over a short period of time. Additionally,
angular accelerations experienced in flight
can be quite different from those expe-
rienced on the ground. Hence, we often
erroneously interpret the sensations
produced by the fluid movement in the
semicircular canal.

In the presence of linear acceleration or
gravity, the relative movements of the
otolithic membranes bend the sensory
hairs that penetrate the otolithic
membranes over the underlying structures
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{the result of a shearing force). Without
any linear acceleration, shearing force due
to gravity is transformed into nerve
impulses to the brain, which convey infor-
mation about head position relative to true
vertical. With linear acceleration, a
resultant shearing force is generated and
the signals to the brain are the same as
those produced by a shift in the direction
of gravity. During flight, inertial forces are
combined with the force of gravity and act
upon the otolithic membranes to produce
anet combined force. The direction of this
combined or resultant force is almost
never in the direction of the true vertical.
Hence, it is almost impossible to correctly
determine the true direction of “down”
from the otolith organs.

Vision is by far the most important
sensory system for providing true spatial
orientation during flight. In the absence of
vision, orientation would be derived solely
from the less accurate vestibular or
somatosensory systems, and these
systems do not provide reliable motion
and position cues in the flight envi-
ronment.

We rely heavily on the visual system to
successfully function within our normal
everyday environment. This visual system
must dominate the other sensory inputs.
Particularly in the flight environment, we
must learn to suppress the vestibular
input. Vestibular suppression is the ability
to suppress unwanted vestibular
sensations and reflexes. A pilot's ability
to accomplish vestibular suppression
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comes from practice or exposure to the
motion of the flight environment.

In the presence of extreme linear
and/or angular accelerations and unusual
aircraft attitudes, spatial disorientation
can occur even on a clear day. Under such
circumstances, reference to a distinct
horizon in combination with flight
instruments should allow the pilot to
maintain visual dominance and naturally
suppress false vestibular and
somatosensory orientation cues.

At night, in IMC or in marginal VMC
(i.e., when adequate external visual
references are not available), the pilot
must maintain spatial orientation and a
state of visual dominance solely by
reference to aircraft instruments, espe-
cially the attitude display. The key to
success in instrument flying is to develop
an effective instrument cross-check,
which provides a continuous source of
accurate information related to aircraft
attitude, motion and position. A proficient
pilot with an effective cross-check will
have little difficulty in maintaining visual
dominance and ignoring other, potentially
disorienting, sensory data. The pilot
should be aware that what is seen outside
the aircraft may be confusing and may
lead to visual illusions and sensory
conflicts.

Buried in many body structures,
including the skin, joints and muscles, the
somatosensory receptors provide
important equilibrium information as they
respond to pressure and stretch. The
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sensations they elicit are the deep
pressure feelings that you experience
when you sit or the sensations that
enable you to know the relative positions
of your arms, legs and body. This system
is commonly called the “seat-of-the-
pants” sense because some early pilots
believed they could determine which way
was down by analyzing which portions of
their bodies were subject to the greatest
amount of pressure. The seat-of-the-
pants sense is completely unreliable as
an attitude indicator when moving in the
aerial environment.

Physiological Mechanics of lllusions
In the absence of adequate visual orien-
tation cues, the inadequacies of the
vestibular and somatosensory systems

can, and generally do, result in orien-
tation illusions. It is customary to
discuss vestibular illusions in relation to
the two components that generate the
illusions — the semicircular canals and
the otolith organs.

Somatogyral illusions result from the
semicircular canals' inability to register
accurately a prolonged rotation, i.e.,
sustained angular velocity.

Graveyard spin. This situation begins
with the pilot intentionally or uninten-
tionally entering a spin. The pilot’s first
impression is accurate; that is, a spin is
perceived. After about 10 to 20 seconds
of constant rotation {(no angular accel-
eration), the fluid in the canals comes to
rest with respect to the canal walls and
the sensory hairs return to the upright,

resting position. The sensation is that of
no rotational motion despite the fact that
the spin continues. If the spin is then
terminated, the angular deceleration
produced causes a relative motion
between the fluid and the canal walls,
thus deviating the sensory hairs in the
opposite direction. The pilot erroneously
perceives spinning in the opposite
direction. If the pilot does not recognize
the illusion and acts to correct this false
impression, he or she will put the aircraft
back into the original spin.

Graveyard spiral. In this maneuver the
pilot has intentionally or unintentionally
put the aircraft into a prolonged turn with
amoderate or steep bank. The constant
rate of turn causes the pilot to lose the
sensation of turning after a period of
time. Noting a loss of altitude, the pilot
may pull back on the controls or perhaps
add power in an attempt to regain the
lost altitude without checking that an
increase in bank has occurred. Unless
the incorrectly perceived bank attitude
is corrected, such actions only serve to
tighten a downward spiral. Once the
spiral has been established, the pilot
sometimes experiences the illusion of
turning in the opposite direction after the
turning motion of the aircraft has
stopped. Under these circumstances, if
the pilot fails to suppress all sensory
data except the visual, vestibular
illusions may cause inappropriate inputs,
resulting in reestablishment of the spiral.

The leans. After a prolonged turn has
ceased, pilots may perceive the roll to
wings level as a bank and turn in the
opposite direction. This can cause pilots
to lean in an attempt to assume what
they think is a vertical posture. If they
establish a very slow roll to the left that
does not stimulate the vestibular
apparatus and then roll rapidly to the
right to level flight, they may generate
the false impression of only having rolled
to the right, and the leans may result.
The leans are most commonly felt when
flying formation on the wing in and out of
the weather or at night. Since the
wingman’s attention is on the flight lead
and not on the attitude display, it
becomes easy for the vestibular or
somatosensory system fo provide false
orientation cues, often reinforced by
false ambient visual cues. These false
orientation cues can quickly convince
the wingman of being in an “unusual”
attitude and cause a strong case of the
leans. To minimize the effects of the
leans while on the wing, it is important
for the wingman to occasionally cross-
reference the attitude display, without
making a head movement if possible.

Somatogravic [lluslon. This is the
sensation of change in attitude when the
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acceleration A false nose-high sensation
can occur when an aircraft accelerates
forward in level flight. This somatogravic
illusion may be unrecognized during an
IMC takeoff or missed approach accel-
eration if the pilot is not concentrating
on flying instruments. Correcting for this
illusion during climb-out could cause the
pilot to dive the aircraft into the ground.
A false nose-down sensation can occur
as a resuit of rapid deceleration in the
weather.

I had the good fortune to be trained for
instranyent flight in the T-33 and the F-100.
Both aircraft were capable of acrobatic
flight with +7.33- and -3-g limits. “Spatial
Disorientation Recognition and Recovery”
training and testing was conducted with the
student in the rear seat under the hood with
eyes closed while the instructor yanked and
banked to confuse our somatosensory and
vestibular system. At some point he would
say “Recover!” and turn loose the controls.
You might be pointed straight up or down
or in any roll attitude.

If the student recognized the attitude
promptly and then manipulated the controls
correctly, recovery could be accomplished
without nearing the aircraft’s limits. This
process was repeated two or three times to
demonstrate other ways the student’s
vestibular system could lie. But the training
and testing didn’t end there. Rather, I
underwent the same kind of repeated
demonstrations every time I checked outin
a new fighter and during my annual
instrument check for 20 years. Even with
the extensive training provided to all Air
Force pilots, spatial disorientation is still
responsible for a significant number of fatal
accidents each year. In fact, according to the
U.S. Air Force Safety Center, for the years
1990 through 1997, spatial disorientation
was a significant factor in atleast 20 percent
of all of the service’s major aircraft accidents
and in 19 percent of all associated fatalities.

I asked Capt. Jim Burin, a retired U.S.
Navy fighter pilot now working for the
Flight Safety Foundation, to comment on
Naval Air training to prevent spadal disori-
entation.

“The USN puts a lot of emphasis [and
training] in this area,” he responded.
“Think about it. Two of the biggest
visual/vestibular illusions are part of every
carrier aviator’s daily routine. A night
catapult shot is from zero to 150 knots in
about 100 feet — a big horizontal accel-
eration. Once off the pointy end of the boat,
itis pitch black — no visual references. I
don’t think you could design a better
training aid for somatogravic illusions.

“Every carrier aviator knows that off the
front of the carrier at night at stall plus 10
[end speed] and 60-feet altitude [flight deck
height] you do not want to push the stick
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forward — no matter what your brain says.
Of course we have one to two events a year
where someone will fly into the water one
to three miles ahead of the carrier after a
night cat shot. We also had a very
significant [in terms of impacton our safety
system] accident in 1996 with an F-14 in
Nashville that was caused by somatogravic
illusion.

“The other visual illusion we face daily at
sea is the black hole effect. Think about it
— at night, at sea, and a single light source
[the carrier] that you are focusing on to
land. Again, we have one or two aircraft a
year fly into the water behind the ship
because of this.”

Many pilots do not train in the aircraft
they fly because it is expensive and there is
a possibility of overstressing the airplane in
the recovery. Consequently, much of the
training and testing is done in the simulator,
which is incapable of exposing the pilot to
many illusions due to limited motion range
and acceleration forces. In fact, I can’t think
of any illusions that are currently demon-
strated in Level D simulators.

Consequently, recognizing and coun-

tering illusions is not part of most training
regimens even though the spatial disorien-
tation resulting from illusions leads to loss
of control, which was a major causal factor
in almost half of the fatal accidents for
general aviation in 2003 (the latest NTSB
statistic on the subject). The fact is that loss
of control resulting primarily from flight
into IMC or reduced visibility at night has
been the biggest killer for non-instrument-
rated pilots for the last 70 years.

An AOPA-funded study conducted in
1954 by Jesse W. Stonecipher, then chief
flight instructor at the University of Illinois,
Urbana, indicated that the average life
expectancy of a non-inscrument-rated pilot
in IMC was 178 seconds from the onset to
loss of control due to spatial disorientation.
Of the 20 subjects tested, 19 entered
graveyard spirals and the 20th stalled his
aircraft. None of them lasted over eight
minutes and all had the same skills training.
There’s no reason to believe those figures
have changed in the pasthalf century.

The following sampling of some recent
fatal accidents involving general aviation,
business and airline pilots have strong indi-
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[image: image17.jpg]cators that point to illusions contributing to
spatial disorientation resulting in loss of
control and further emphasize the breadth
and seriousness of the problem.

»Kenya Air Boeing 737 crashed on
takeoff at Cameroon (somatogravic
illusion), 2007

»Adam Air Boeing 737 crashed into the
Philippines Sea (somatogyral illusion), 2005

»Armavia Air Airbus A320 flown into the
Black Sea near Sochi, Russia, on go-around
(somatogravic illusion), 2006 (see Cruse &

Crrenmstance, Business & Commercial
Auiation, October 2007, page 80)

»Gulf Air A320 crashed into the sea at
Bahrain during second go around
(somatogravic illusion), 2005

>Beech E90 crashed on takeoff at
Carlsbad, Calif., in fog with one-quarter-
mile visibility (somatogravic illusion), 2007

»Beech E90B crashed on takeoff from
Ruidoso, N.M., on a dark night (somat-
ogyral, somatogravic or black hole illusion),
2007

>Mooney M20C crashed on takeoff at
2330 near Price, Utah, (somatogyral,
somatogravic or black hole illusion), 2007

And that’s just a sample. The point is we
have an unacceptable number of loss-of-
control accidents by pilots ranging from
students and all the way up to the ATPs.
Loss of control has been the major cause of
fatal accidents of ail pilots in the United
States for the last 11 years. Spatial disorien-
tation caused by visual or physiological
illusions is a major contributor to loss-of-
control accidents and it can affect every
pilot at some time or another. We need
better training for these threats!

A good training program for demon-
strating physiological illusions will require
ground school and either flight training or
centrifuge simulator training. A Level D
simulator will not be able to create the
acceleration forces necessary to fool the
somatogravic and vestibular systems.

As is clearly evident in this article, the
U.S. Air Force’s Justrument Flight Procedures
Manual contains excellent material that
could be used for the ground school
training. For real-world experience, there
are a number of upset recovery training
providers that can take students aloft and
demonstrate many of the illusions that lead
to loss of spatial orientation. Flying under
the hood in an aerobatic aircraft with an
instructor works as long as the student does
not cheat by peeking. A peek outside is
worth a thousand cross-checks, butit won't
help at all on that dark and stormy night
that you will eventually experience.

Training in a centrifuge simulator sounds
promising since such devices can demon-
strate physiological ilusions by acceleration
changes in all three axes.. The National
AeroSpace Training and Research
(NASTAR) Center in Southampton, Pa.,
offers a two-day classroom and simulator
course that exposes pilots to seven illusions
each day. The pilots will be taught to
recognize and counter the illusions and
learn recovery techniques for aircraft upsets
and unusual attitudes. One NASTAR
marketer said a class of six pilots could be
trained for around $30,000.

1 believe the threat of loss-of-control
accidents is going to increase without this
kind of training because fewer military
pilots are entering commercial aviation and
because of the lower experience levels of
today’s civilian-trained pilots. The actual
flight time required to geta job in the right
seat of some Boeing 737s is at the lowest
point in 40 years.

Even though the FAA refuses to mandate
such training, I think it is necessary and I
suspect aviation insurers believe in its value
as well since it’s likely to reduce losses. In
the meantime, do your best to “Keep the
blue side up!” Your passengers are counting
onyou.





4、 跑道安全議題
國際飛安基金會定義之跑道安全議題(Runway Safety Issue)如下：

A runway safety issue is any safety issue that deals with the runway environment (or any surface being used as a runway) and the areas immediately adjacent to it (e.g. overruns, high speed taxiways).
跑道安全議題，一般最常注意到的為跑道入侵(Runway Incursions)，但完整之跑道安全議題應該包括：

· Runway Incursions
· Runway Excursions : 
1) Overshoot 
2) Veer offside
· Runway Confusions
跑道入侵(Runway Incursions)資料取得較無問題，所有的失事或意外事件都被要求要提出報告；衝出跑道事件(Runway Excursions)部分，所有的衝出跑道失事及部分的意外事件會有報告，但並無要求近似衝出跑道事件、或航空器僅有輕微損傷之衝出跑道事件亦須報告；跑道混淆(Runway confusion)事件是最難統計及取得資料的，通常其發生時，並未造成人員受傷或航空器損害，亦無明確規範要求提出報告。

依據1995年-2007年之統計資料(如圖7)，此期間全球民用航空共發生1,332件失事，其中衝出跑道型失事佔了28.5%，平均每年發生29件，跑道入侵失事平均每年不到1件。跑道混淆失事，則只有4件有紀錄之失事：
· Lexington  CRJ     27 August 2006

· Lagos,Nigeria   B-747  29 Nov 2003

· Jackson Hole King Air   4 Jan 2000

· Singapore Air/Taipei  B-747 31 Oct 2000
另外，此期間之1,332件失事中，有438件有造成人員死亡，比率為33%。詳細統計數據如下：
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圖7  1995-2007年跑道安全失事統計

由圖8之統計資料可以知道，衝出跑道型失事之發生次數及造成之死亡人數是跑道安全議題中最頻繁之類型。然而，相對於其佔了失事約1/3之比例，其發生死亡之比例卻是偏低，也就是衝出跑道型失事雖然發生機會高，但造成死亡的機率並不高。
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圖8  跑道安全失事死亡/無死亡統計
降低跑道失事，需要航空產業每個重要角色的共同合作：

航空器製造商：負責提供航空公司安全且可靠的航機，並提供足夠的資訊及操作程序，讓飛行員能因應正常及異常之狀況。

航空公司：負責提供飛航員航機穩定進場的標準(Stabilized Approach Criteria)，並確保組員確實遵守，如：使用FOQA的資料檢視；航空公司亦須訂定清楚的Go-around政策；航空公司亦須提供組員適當之訓練，包含進場階段及在跑道上之相關決策所需知識，及相關資訊如何取得等。

機場：機場管理者應強化機場設計及運作與跑道安全相關的部分，例如：Lighting、Approach Aids (e.g. ILS, VASI, PAPI)、Runway design (crown, grooved)、Runway markings及signage、Runway clearing、Runway condition measurement、Runway-end Safety Area等。

航管：應提供航機適當的導引及指示，幫助航機能夠穩定進場；儘可能適當地且及時地提供航機所需的天氣及跑道狀況相關資訊。

監理機關：對上述各重要角色，提供適當且專業之督導，確保其善盡自身之職責。另外，Runway Excursion往往起源於不穩定進場，而提供垂直導引之服務，將有助於穩定進場之達成，故監理機關應儘可能要求提供航機垂直導引之服務。

5、 衝出跑道事故

衝出跑道事故(Runway Excursion)，可分為發生在起飛階段或落地階段，並可各自區分為兩種類型：Veer-offs (which is going off the side of the runway)及Overruns (going off the end of the runway)
依據2007年及2008年所發生之跑道安全事件，衝出跑道事件(Runway Excursions)造成之死亡人數是跑道安全事件中最高的，2008年至今甚至有90%之跑道安全事件死亡是屬於衝出跑道型之失事。
事故原因當中，穩定進場之建立是其中之一，然這已經是舊議題，另一個發現是有關於油門(throttle)位置的控制，是一個過去較少發現之原因。衝出跑道事件與CFIT不同，CFIT之重點在於”…without prior knowledge of the crew”，然而衝出跑道事件通常飛航組員並不感到意外。
FAA建議之改善衝出跑道事件策略：

· Establish airplane certification and operational requirements (including training) for takeoff and landing operations on contaminated runways
· Establish landing distance assessment requirements, including minimum landing distance safety margins, to be performed at the time of arrival

· Establish standards for runway surface condition reporting and minimum surface conditions for continued operations
6、 跑道入侵事故

ICAO最新有關於跑道入侵之定義如下(已被美國FAA採用)：
Any occurrence at an aerodrome involving the incorrect presence of an aircraft, vehicle or person on the protected area of a surface designated for the landing and takeoff of aircraft.

此定義的問題在於未涵蓋滑行道，甚至是勤務道路，因此，若是空側入侵事件，其數量一定高於所謂的跑道入侵事件。FAA有關於跑道入侵之分類如圖9，其中只有A類是屬於失事，其餘則屬於未保持安全隔離。跑道入侵失事之著名案例如下：
有史以來，人員死亡人數最多的空難就屬於Runway Incursion-1977年3月，發生在Los Rodeos Airport, Tenerife, Canary Islands, KLM/ Pan Am兩架飛機於跑道上相撞，造成583人死亡。
美國本土Runway Incursion死亡人數最多的失事則是發生在1991年2月2日，US Airways Flight 149，Los Angeles機場，造成34人死亡。
歐洲最嚴重的Runway Incursion失事則是發生在2001年10月，義大利Milan機場，造成118人死亡。

Runway Incursion之失事發生次數並不多，但意外事件的次數卻相當頻繁，一旦發生失事，死傷人數會非常嚴重，是屬於高風險之失事類型。
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圖9  FAA跑道入侵事件分級

7、 跑道狀態燈光系統之最新發展
NTSB於2000年曾提出飛安改善建議，建議FAA要求所有提供客運服務之機場，建置地面活動安全系統以直接提供駕駛員適當警示，避免跑道入侵事件的發生。該建議亦要求FAA要透過電腦模擬或其他方法驗證該系統之效度。
另外依據FAA跑道入侵事件之統計資料，如圖10，雖然跑道入侵失事並不多見，但跑道入侵事件之數目卻無下降趨勢，2007年之統計數字為370件，較2006年增加了12%。
FAA為回應NTSB之建議，發展一套跑道狀態燈光系統(Runway Status Light，RWSL)，其為全自動化系統，使用機場地面燈光，告知駕駛員跑道是否安全，能否起飛、降落、穿越或進入。

RWSL共包含了4個子系統，其中兩個已開發完成，另兩個仍在發展中。開發完成的兩個子系統為Takeoff Hold Lights (THLs)及Runway Entrance Light(RELs)：

THLs(如圖11)研發時共設計了三種配置，經透過電腦模擬及設置成本評估後，選擇了配置2。THLs係設置於跑道道面上，距跑道頭375呎處往後連續1,500呎，每隔100呎設置一橫向指示燈。THL主要供飛航組員將航機對正跑道，等待起飛許可或開始準備滾行起飛時使用，當跑道不安全時，會亮紅燈。THLs經駕駛員透過模擬機測試結果，可有效將91.7%之跑道入侵事件降低至8.3%。
RELs(如圖12)設置於滑行道中心上，坎入式地面燈由跑道等待位置後延伸至跑道邊線，並於跑道上多設置一盞燈光，提供飛航組員是否可以進入或穿越跑道之指示。THLs經駕駛員透過模擬機測試結果，可有效將33.3%之跑道入侵事件降低至16.7%。
另外兩種仍在開發中之子系統分別為：Runway Intersection Lights(RILs)及Final Approach Runway Occupancy Signal(FAROS)：

RILs(如圖13)提供駕駛員於跑道上通過跑道交叉處前一燈光指示，告知駕駛員是否能夠通過該交叉處。RIL由跑道交叉處等待位置開始往前延伸3,000呎，每隔6呎於中線線燈兩側各設置一坎入式燈光。
FAROS(如圖14)係利用現有的精確進場滑降指示燈(Precision Approach Path Indicator)，若有航機位於距跑道頭1.5海浬內，此時有航機在跑道上，PAPI將會開始閃爍，以警示正在進場之航空器。
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圖10  FAA 2004-2007跑道入侵事件統計
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圖11
 Takeoff Hold Lights
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圖12
 Runway Entrance Light
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圖13
 Runway Intersection Lights
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圖14
Final Approach Runway Occupancy Signal
肆、建議

國際飛安基金會（FSF）、國際適航聯盟（IFA）及國際航空運輸協會（IATA）共同主辦之國際飛航安全研討會(IASS)，係國際飛安實務界每年之重要會議，至今已舉辦61屆，每次會議都吸引國際航空界各領域之人士參加，包括：航空器、發動機及相關系統製造廠、各國民航監理機關、事故調查機關、航空公司、機場管理者、各國軍方航空單位等。

本會每年都會由執行長或其他高階主管代表參加，透過4天的研討會，本會可與各國之航空人士充分交流，近年來本會能夠陸續與英國及日本之交通事故調查機關簽訂合作備忘錄，強化調查實務之交流合作，原因之一即為本會積極地參與國際會議，增加本會能見度。

另外透過本會議，本會能夠完整地了解國際航空界之最新動態、重大航空議題、航空相關研究成果、及航空界未來之發展趨勢等訊息。主辦單位亦將所有資料製作成DVD，供會與人員帶回其服務機關，以便將相關資訊傳遞給未能參加該會議之人員。
為積極參與國際事務，避免與國際脫節，故建議往後之年會仍應持續派員參加。
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