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Transport Aircraft Safety Improves

Sincetheintroduction of thejet transportsinthe 1950stransport
aviation safety hasincreased dramatically. Thisis remarkable
considering the enormous complexity of the air transport sys-
tem. In aluminium tubes equipped with wings, we are trans-
porting passengers at altitudes where temperatures and pres-
suresaresolow that no onecan survivemorethan afew seconds
and at speeds that exceed the speed of sound. These fantastic
vehicles are powered by engines heating air to incinerating
temperatures. In this hell-hot engine environment, metal sur-
vives thousands of hours of extremely high stresses. The
airplanes are controlled by complex electro-hydraulic systems
and can be flown automatically with high precision between
departureand arrival pointsseparated by oceansand continents.

To manage these complex machines we need groups of highly
trained specialists who must learn to work together and under-
stand each others problems. Since safety is so good we must
have been remarkably successful in creating teams with an
outstanding ability to cooperate.

The Practice of Aircraft Accident Investigation

The author offersreaders alook at how one country handles
accident investigations. More important, he presents hisideas on how
accident investigation needs to be approached, from narrowing the accident

cause or causes to writing the report and handling follow-ups.

Aage Roed
Chief Technical Investigator
Swedish Board of Accident Investigation

In spite of our high standards, weloose approximately 20 large
transport aircraft every year. Inadditiontothehumantragedies,
the accidents cost the airlines, and thus the passengers, large
sumsof insurancemoney. If twojumbo-jetswithfull passenger
loads collide and fall down on alarge city, aviation insurance
companies would be hard-pressed to cover the costs generated
by that catastrophe.

Need Continuesfor Accident
| nvestigation

Accidents should be prevented through risk or incident analy-
sis. Unfortunately we are not clever enough to detect al risks
or to see how combinations of small risks sometimes lead to
very large accidents. Still worse, quite often we do not react to
serious incidents before they materialize into accidents.

Prevention through analysis will become increasingly more
difficult the safer we become, not only because the detection of
the risks become more difficult, but because it becomes more




and more difficult to convince people about the risks and to do
something about them. For this reason accidents will happen
and therewill be acontinuous need for accident investigations.

Who Should I nvestigate Accidents?

Itisdifficult toinvestigate aircraft accidents. Thejob only can
be properly doneif certain requirements are met. These are;

e The investigators must not be affiliated
with the organizations they are investi-
gating.

* The investigators must be prepared to
travel totheaccident siteat extremely short
notice and must try to reach it in shortest
possible time.

* The team travelling to the accident site
must consist of specialists in selected
fields.

*  Theinvestigationteam must havecomplete
control of the accident site and of the con-
tinuing investigation.

e The investigators must be very well-
trained for their jobs.

Theserequirementsprecludethe use of adhoc scrambledinves-
tigation teams. A permanent board is required.

The Swedish Accident Investigation
Organization

In Sweden we have a very small board. It consists of four
members: two lawyers (former judges) and two investigators
(one operationa and one technical). Four persons can make
two teams. This is sufficient to take care of two accidents
occurring roughly at the same time. A smaller board is not
recommended.

Thequestionmay now beasked: “Isit possiblefor asmall board
to investigate everything from gliders to jumbo jets?” Obvi-
oudly not! To solve this problem we have speciaists loosely
connected to the board from all areas of aviation. These are
dedicated persons who join the board when needed.

However, agood national team is not sufficient to do the job.
When working in a low risk field like transport aviation (or
rather, in a high risk field where few accidents happen) one
would not get the necessary feeling for the problemsif onedid

not seek and maintaininternational contacts. For thisreasonwe
tranglate all of our important reports into English and trade
informationwith anumber of accident investigation authorities
in the world.

We aso ask for help from other nations and have received
excellent assistance from England’s Accident Investigation
Board (AIB), theUnited State’ sNational Transportation Safety
Board (NTSB), Canada’ sAviation Saf ety Board and, of course,
International Civil Aviation Organization (ICAO). We have
formed aninformal “club” with the Nordic safety boards. We
meet at least once a year, trading information and discussing
problems. Weal so havesigned an agreement to help each other
in specia difficult cases, such asin cases of major accidents
where the small national boards could not possibly handle the
investigations alone. If alarge airliner crashes anywhere in
Scandinavia, the Scandinavian boards would join together to
solvethecase. Thisisatypeof insurancethat makesit possible
for us to be prepared for major cases without the need to
maintain large organizations. It saves money and keeps “ dead
weight” out of the boards.

| believethat the correct way of attacking the difficult work of
accident investigation for small nations is to maintain small,
well trained boards that can be reinforced by specialists from
home or abroad when necessary. A good ideamight beto have
an European pool of trained specialists. It would solve the
nearly impossible and economically unwise problem of main-
taining highly trained specialistsin all fields of accident inves-
tigationsin al countries.

What Should Be Investigated?

According to Swedish law, all accidents with seriousinjury or
extensive damage to the aircraft should be investigated by the
board. “Aircraft” is defined as anything flown by man from
hanggliders and balloons to jumbo jets. The consequence of
thishas been negative. We have spent too much (wasted) time
on unimportant accidents and too little on important ones.

Our goal should not be to investigate everything that happens.
One gets more preventive action by selecting the most impor-
tant cases from the accident flora and treating these carefully.
Lesser accidents should be reported in short notes that may be
based on pilot reportsor policereports. Selectiongivestimefor
thorough investigation of serious accidents and incidents. If
one writeslong reports on all types of accidents, many reports
might become dull and uninteresting. Asaresult therecipients
quit reading, the credibility of the board decreases and the
preventive effects of the accident investigation work goes
down.
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Someone hassaid that “ aviation safety management (including
accident investigation) is like eating an elephant. You can't
haveit al at once; you have to take a piece at the time.”

Accident Prevention is Goal of Investigation

Accident investigations have only one purpose: Accident
Prevention.

The investigators shall:

Find facts.
e Anadysefacts.
*  Find causes.

e Makerecommendationsfor preventive ac-
tions.

Theinvestigation shall not serve asabasisfor punitiveactions.
Punishment effectively stopstheflow of safety informationand
the open discussion of safety problems.

Several factorsoften combineto create accidents. Thiscombi-
nation of factors may be difficult to detect. The following
examplesillustrate the problems.

Viscount Encounters Severelcing

On January 15, 1977, a day with severe icing conditions, a
Viscount on approach to Bromma Airport suddenly dived into
theground. It wasfairly easy to excludeeverything but tail stall
due to ice as an accident cause. The stabilizer nearly stalled
when the flaps were extended to 30 degrees and the aircraft
started to oscillatein pitch. Whentheflapswerefully extended
to 45 degrees the stabilizer flow separated completely and the
aircraft dived into the ground. It was found that the anti-icing
system had been switched off and theaccident could easily have
been classified as“pilot error.” However, further investigation
showed that:

e Theanti-ice system had been switched off
just before the accident, when the outer
marker was passed (company procedure).
Switching sounds could be heard on the
cockpit voice recorder.

e Theanti-ice system gaveinsufficient heat-
ing of stahilizer leading edge under severe
icing conditions (shown by flight tests).

e There had been several similar accidents.

* No information about previous accidents
was available to the pilots.

e The flight manual stated that the system
gave sufficient ice protection in severeic-
ing conditions.

e The captain mistook the pitch-oscillations
as"“rough flying” by the inexperienced co-
pilot.

Flap anglelimitation inicing conditionswoul d have prevented
the accident.

ADF Switched Off During Approach

The evening of January 3, 1983, a light twin-engine aircraft
crashed on approach to Gothenburg-Save Airport. Theaircraft
wasvery low on fuel; no refuelling stop had been made during
theflight. When the pilot made an uncoordinated right turn at
low altitude the fuel in the right tank sloshed away from the
sump and theright engine stopped. Thepilot did not control the
resulting yaw/roll-mation and the aircraft rolled to the right,
lost altitudeand struck ahill. Thisappearedtobeatypical “pilot
error” case. Further investigation revealed that:

e The arplane departure had been delayed
due to poor weather at Geneva.

»  Thepeopleon board wereontheir way toa
traditional New Y ear’ s dinner at the home
of the pilot’s mother.

e Thepilot made thelong northbound NDB-
approach in darkness well left of track and
was informed about this by Gotenburg
Control.

e A weak easterly wind was blowing.

e Thepilot had made alarge number of night
approaches to the airport and was familiar
with the area; his own factory was located

below the approach path.

e The pilot sounded very surprised when
informed that he was | eft of track.

» A factory to the left of the approach path
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had been closed down at night for the first
time in seven years and no factory lights
werelit.

e The pilot descended to low altitude above
the unlit factory and then suddenly turned
right.

*  TheADFhadthevolumecontrol and on/off
control in the same knob.

»  TheADFhadbeenswitched off. Thismade
the ADF point exactly inthedirection of the
correct approach path.

Evidently thepilot switched off theinstrument when hetried to
reduce the volume to eliminate the disturbance of the station
signal. Thisagainledtoalow atituderight turn and an engine
stoppage dueto fuel starvation.

Theaccident probably would not have happenedif theADFhad
been equi pped with separate on/off and volume knobs, in spite
of thepilot’ sfailuretomakearefuelling stop, sincenoright turn
would have been required.

Pilot Not Warned About Turbulence

On January 31, 1980, a light twin with three people onboard
enroute from Warsaw to Roskilde, Denmark, crashed near
Ma moe-Sturup Airportin southern Sweden. Theoutboard one
meter section of the left wing was found 520 meters from the
mainwreckage. It wasaclear caseof anin-flight wing failure.
The airplane had been flown along a warm-front with embed-
ded thunderstorms. Woas this a pilot error case? Detailed
investigation showed that:

e The wing had been modified. Tip-tanks
had been added without additional wing
strengthening. Due to the outboard shift of
the lift force and increased wing bending
with empty tip tanks. The wing would fail
at 4.85 gsinstead of 5.7 gs.

» Information about thunderstormsalong the
airway was not available to the pilot.

* Malmoe control did not understand the
pilot when he asked about cumulus in-
formation although the pilot said that he
was" running into someheavy turbulence.”

»  Radar tracking data showed that the pilot
slowed downto the correct turbul ence pen-

etration speed.

e Thepilotwasnotinformed about thesevere
turbulence reported by airline crews.

e Theflight manual poorly presented infor-
mation about the risks of flying in thunder-
storms.

¢ Thewing failed when the aircraft was fly-
ing at recommended turbulence pen-
etration speed.

e The airplane had short, rigid wings that
quickly bend to their limits when loaded.

¢ Dynamic maximumlift effectsdueto sharp
gusts can overload wings even at speeds
where a wing would stall at limit load at
static maximum lift. Thisisgenerally not
known.

The accident could have been avoided if the pilots, the meteor-
ologists and the controllers had been better informed about the
risks of flying through thunderstorms. The accident would
have been avoided if the pilot had been told to fly slightly north
or south of the frontal zone.

These accidentsillustrate the necessity to carefully analyse all
factors in order to determine the sequence of accident events.

Poor Reports Reduce Effectiveness

A poorly written report can destroy the effectiveness of an
investigation. Negative reactions to uninteresting, bureau-
cratic and poorly formulated reports may do more damage to
aviation safety than no reports at all.

It takes time to learn how to write reports and it takes time to
write them. Basic report writing requirements are;

* Listdl factsin the factua section. Avoid
analysisin this section.

e Anaysethelisted factsin the analysis sec-
tion. Do not add new facts here.

e Summarize important findings and list the
sequence of eventsthat caused the accident
in aconcluding section.

¢ Makerecommendations based on the find-
ings only.
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However, it may be very difficult to determineif one event or
a sequence of events caused the accident. One may be struck
with several possibilities of varying degrees of probability. If
S0, it may bewiseto excludethemost remoteprobabilities. Too
many “ifs’ and “buts’” may make a report unreadable. The
major problem may be drowned in lessimportant ones.

Quite often the accident investigation reveal s safety problems
that did not cause the accident. It would be awaste of money
not to report these problems but it may be wiseto do that in a
separate report in order not to confuse the analysis of the
accident cause.

Recommendations Must Be Sold

The accident investigator must “sell” his recommendations to
theaviationauthorities(civil or military). Lovedoesnot always
exist between the two. One side criticizes and the other must
accept or reject the criticism. If the accident investigator does
not handle hisselling correctly hewill dolittle morethan create
enemiesand very few of hisrecommendationswill beaccepted.
Certain basic rules must be followed.

e Write short, clearly defined, objective and
well-supported recommendations that you
are convinced will help prevent the recur-
rence of the accident in question.

¢ Limit the number of recommendationsto a
few important ones that can be handled by
the authorities.

«  Avoidtaking snooty attitudestowardsyour
“customers’ either asagroup or anindivid-
ual. The missesthey have made may have
been yours had you been in their situation.

*  When you are convinced that your rec-
ommendations are very important, follow-
up how they are handled. If they are re-
jected, request time for continued argu-
ment.

Open Mind | s Essential

A board of accident investigation must have avery open mind.
Investigators must be prepared to listen to ideas contradicting
their own beliefs. The board must encourage people who read
their reportsto expressdisagreement if they find something that
they believeiswrong. Mistakes must be publicly corrected.

The attitude towards dependents of accident victims must be
very generous. A few hours spent listening to their grieving
may help them through a very difficult time.

Finally, avoid“kicking” dead or living accident victims. When
itisnecessary to point out human failures, doit with considera-
tion of both the positive and the negative effects it may have.

The question of why men make mistakes must always be
considered. ¢
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4 Flight Safety Foundation N
| nter national Aircraft Occupant

Safety Conference And Workshop

October 31-November 3, 1988

Sheraton National Hotel

Arlington, Va., U.S.
Sponsored by the U.S. Federal Aviation Administration (FAA)
\ For more information contact Ed Wood, FSF /
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