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Summary

The global air accident rate has gradually decedseng the last decades. During the
1990’s Controlled Flight into Terrain (CFIT) and pyoach and Landing Accidents (ALA)
were thebiggest killers™ in aviation. Continuous focus and efforts by tiréres,
manufacturers, and not least Flight Safety Foundahas succeeded in reducing this type of
accidents. However, today the “biggest killer” lshanged to be Loss of Control in the air
type of accidents (LOC-I).

When analyzing these accidents we find that laghilot knowledge and skills quite often are
significant cause factors. It seems that the dgwveémt in aviation technology and automation
has made the aircraft so reliable and the flyingwtmmated that the pilots are left out of the
loop. During routine flight this works fine, butuhexpected situations are encountered the
pilots are not capable of handling flight situagéald timers” would call“basic flying”
situations.

The improvements in aeronautical technology migiviehhad a negative effect on pilot
education and training. Aircraft manufacturers amtion authorities may also have
contributed to this trend by advertisifigw workload” cockpits and less required pilot
training. Reduced focus on aerobatic flight andswal attitude recovery training, combined
with more automation, may have influenced basiati skills.

Even though modern flight deck design is overalpiaved, there might have been some loss
in instrument readability/interpretability duringexpected upset flight conditions and
unusual attitude recovery. Using today’s techno]diight displays could be made more
intuitive and easier to read in an unexpected &madal flight situation. Also, by making

flight control inceptors more intuitive, and thusgrove tactile feedback cues, the pilots may
be kept in the loop and be more prepared to takg@an an unexpected situation.

Several LOC accidents are related to aircraft.sthlis may be an indication that the state-of-
the-art Primary Flight Displays (PFD) are not présgy the aircraft flight condition in a most
intuitive way, and not presenting the pilot witlslear indication of Angle of Attack (AOA).

! Expression used by Flight Safety Foundation



Further, it may indicate that the pilot knowledge skill in basic stall and upset recovery are
insufficient.

During this author’s 35 years as a member of SEERethave been many presentations and
many papers on aircraft controllability. Howevéweite have not been many SETP
presentations or papers on PFD research and te8tingjrcraft’s stability, control and
handling qualities are very important to the psability to control the aircraft. However,
regardless of how ideal the aircraft’'s handlingldes are, it is of limited value if the
handling pilot becomes confused and disorientatethg an unusual attitude (UA) or upset
recovery (UR). Several of the recent accidents dedme related to PFD’s and the pilots
knowledge and training in interpreting their dig@alt may be time for SETP to focus also
on PFD'’s in addition to aircraft handling qualities

Accident Statistics

The global air accident statistics have graduatigrnoved over the last 50 years (Fig. 1). This
has mainly been caused by gradual improvementsronautical engineering and
technological innovations. Examples on this areroupd Weather Radars (WR), Navigation
Displays (ND), Vertical Displays (VD), Traffic ar@ollision Avoidance Systems/Airborne
Collision Avoidance System (TCAS/ACAS), Ground Hroity Warning System/Terrain
Avoidance and Warning System/Enhanced Ground Piioxiivarning System
(GPWS/TAWS/EGPWS), Category Il/lll Landing Systeret.
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Figure 1. Major accidents by decade (by courtesk ).



During the 1990’s Controlled Flight into TerrainKIT) and Approach and Landing
Accidents (ALA) were dominating accident catego(ieg. 2). These accidents were
considered to be tHbiggest killers in aviation”during the 1990’s.

All Commercial Turbojets

Figure 2. CFIT accident statistics (provided by FSF

The latest technological advancements, e.g. imprdi@, VD, GPWS/TAWS/EGPWS
helped reduce these categories of accidents. Howteereduction in CFIT accidents led to
increased focus on Loss of Control in Flight (LOGdcident statistics which seems to
remain high (Fig. 3).
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Figure 3. LOC-I accident statistics (provided byH}S

The common factors in most LOC accidents seem tadbdeof pilot knowledge and piloting
skills. David Learmount, Flight International, hetated (3 January 20£2)
http://www.flightglobal.com/news/articles/in-focasdines-run-up-a-safety-debt-365509/

“What has most affected the nature of pilots' wisrthe influence of low-cost carriers,
which has brought radical change in many airlinegationships with flight crew. But
what has most changed an airline's crew recruitaingl management is the decline of
the military as a provider of pilot skills.

Meanwhile, there has been a loss of pilot exposuenything other than pre-packaged
flight planning, followed by automated flight orettne. When circumstances are
unusual, non-standard, or not automated, a resgltack of pilot resilience has been
leading to fatal loss of control (LOC) accidentgkimg LOC the biggest killer accident
category this century - taking over from controlféght into terrain in the last.

This fact is acknowledged by industry bodies liteelhternational Air Transport
Association (IATA) and the International Civil Aran Organisations (ICAO),
respectively IATA's training and qualification iaiive (ITQI) and ICAQ's next
generation aviation professionals (NGAP). So theiees cannot say they have not
been warned, but these efforts have not been ainglinto action at airline level.

Just as a reminder, the number of fatalities causedirline accidents in the 1980s was
about 1,100 annually, whereas the numbers nowes® than 800 a year despite the
fact that the revenue passenger kilometers flown ax@ three times what they were
then. The industry could revert to the bad old déys for a different reason: now the
aircraft are better, but the skills to operate thane degrading”.
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It is the author’s opinion that the progress in erodGlass Cockpit and Flight Display design
have improved the navigation task, but not contaduo improving pilots’ attitude in space
situational awareness. It may be argued that swrttee modern Flight Displays are not very
intuitive or helpful in a loss of control situation

Further, the increased use of cockpit automatiemseo have influenced the education and
training of younger pilots. We have also seen thamhufacturers advertise their airplanes as
easy to fly (fow workload”) and unable to stall. Such statements are untieadisd

misleading to student pilots. Any student pilotgldchave a basic knowledge in physics and
be taught from basic training that any heavier thiawehicle must always be
aerodynamically controlled and may “fall out of &le/” if not the flight conditions

producing a sustainable lift are maintained, i.mi@mum airspeed, or more accurately, an
Angle of Attack (AOA) below maximum allowable. Whet the airplane is stalling or out of
control for other reasons does not matter.

Even though todays accident rates in aviation aite dpw, the latest LOC accidents are
avoidable and seem to be caused by a combinatimeficient PFD’s and lack of
knowledge and basic flying skills among the pilots.

Some Typical LOC-I Accidents

Stall during high altitude cruise

West Caribbean Airways WCW708 (MD-82).

Venezuela 2005 — high altitude stalt¢ffin cornef) — climbed rapidly from 31,000 ft to
33,000 ft to avoid TS — altitude could not be singtd — on autopilot which gradually lifted
the nose to hold altitude until AP disengaged afd éntered a stall.

Contributing cause factors: Allowed airspeed dmptall speed - improper stall recovery -
A/C held with aft stick in a (controllable) deeplstvith engine climb power until crashing —
pilots confused.

http://avherald.com/h?article=4308e7d6&opt=0

Air France AF447 (A330-203).

South Atlantic 2009 - high altitude stall afterdasf IAS (“coffin cornef) — A/C held in a
controllable deep stall with aft stick with engiclanb power until it crashed in the sea.
Contributing cause factors: Loss of control — mmteolling attitude — allowed the A/C to stall
— improper stall recovery — A/C held in controllalleep stall with climb power — pilots
confused.

http://www.bea.aero/docspa/2009/f-cp090601.en/atfitfo0601.en.pdf
http://www.youtube.com/watch?v=kERSSRJantO&feateretscreen

Stall during Approach




Colgan Air DHC-8-Q400.

Buffalo, USA 2009 — stall during approach — wembtlgh stick shaker and pusher.
Contributing cause factors: Improper stall recovenyerrode the pusher (by pulling) and
entered a fatal spin to the right — pilots confused
http://www.ntsb.gov/doclib/reports/2010/AAR1001.pdf

Turkish Airlines B737-800.

Amsterdam 2009 — stall during final approach ormopilivt with one radar altitude
malfunctioning — stick shaker at 460 feet.

Contributing cause factors: Improper stall recovetgo late recovery actions — pilots
confused.

http://www.skybrary.aero/bookshelf/books/1175.pdf

Asiana Airlines B777-200ER

San Fransisco 2013 — approach to stall during agpron autopilot.

The aircraft “fell through” and hit the runway enm@anent nose high with stick shaker on.
The accident investigation is ongoing, but base@uslic statements from the NTSB it may
seem that contributing cause factors may be retatederpretation of flight displays and
pilot experience — pilots confused.
http://www.ntsb.gov/investigations/2013/asiana2&iaa214.html

“Airspeed eroded, despite six eyes on the Asiaraflight deck’

Complications and distractions aside, over-reliamceautomation systems appears to
have trumped basic flying skills and crew resour@agement in the crash of Asiana
Airlines Flight 214 at San Francisco Internation@rport on July 6.

The accident will put additional pressure on anustly already grappling with
implementing training and human-factors lessonsried from recent high-profile
pilot-error-related accidents such as the 2009 @old\ir Q400 loss-of-control crash

in Buffalo, N.Y., and the Air France A330 accidefitthe coast of Brazil. In response
to the Colgan accident, the FAA will soon publisiinal rule requiring first-officer
hires to have at least 1,500 hr. of flight time amdair transport pilot certificate and
type rating, a six-fold increase compared to thé B& and commercial pilot

certificate minimums today.

Meanwhile, avionics manufacturers are making headoraresearch to simplify the
complex and often confusing human-machine intesfétat hinder rather than help
pilots. Rockwell Collins is working on a projectrexluce the number of federated
automatic flight control (auto-flight) modes addedhe flight deck. By aligning auto-
flight modes with pilot "goals"-arriving at a ceftapoint at a certain time with a

3 Curt Lewis & Associates, Flight Safety Informatidly 15, 2013



given amount of fuel-researchers were able to aeaigrototype mode manager that
effectively gives pilots seven auto-flight modead®rather than as many as 38.
Adding to the confusion are multiple modes for abtottle systems that link to
complex auto-flight and autopilot systems. Autofthes provide automatic speed or
vertical speed control, including stall preventionsome modes, allowing pilots to
focus on other tasks. According to Boeing docuntiemathe 777's autopilot has five
operating modes.

Mode confusion could have played a role in the Aaierash -the pilot-in-command of
the highly automated 777-200ER expected that tleenBds auto throttle system
would hold the aircraft's approach speed to a ptesdue of 137 kt. as the aircraft,
high on the initial approach, descended to capturasual or electronic glideslope.
The system did not maintain the speed, leavingttigines at flight idle through the
final portions of the approach and placing the aaft very near an aerodynamic stall
less than 200 ft. above San Francisco Bay in a-digiy state with landing gear and
flaps deployed to 30 deg. before pilots detectecetior.

The crew attempted a full-thrust go-around, but¢hk came too late, as the twinjet's
main landing gear and tail clipped a seawall aheddRunway 28L 1.5 sec. later.

The crash landing of Asiana Airlines Flight 214

July 6, San Francisco International Airport

= Pilot Lee Kang-Kuk, 46, had 43 hrs of Shanghai-Seoul-San Francisco = Two Chinese school girls killed
iraining in control of a Boeing 777 » 201 passengers ® The two girls killed were seated at the
= He had mora than 9,000 hours = 12 flight attendants back of the plana
total flying experience » 4 fiying crew = One af the victims may have been run over
= Pilot trainer Lea Jung-Min was newly by an emergency vehicle
qualified to instruct on a 777
Crash stages Dascent curve
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Figure 4. Asiana Airlines Flight 214 (Internet 161y 2013§.

* ASIANA 214 simulationClick here: (Internet 15 July 2013)



CHC AS 332L2 Super Puma

Sumburgh Airport, Shetland Islands 2013 — lossrspaed during final instrument approach
— on autopilot in vertical speed mode — manualuerpower) — pitch attitude increased to
20° nose up and airspeed dropped below 30 KIA§ummcreased to 115 % with rate of
descent increasing to 1,800 ft/min — pilots confuse

The initial AAIB analysis showed that the combioatiof the nose-high attitude, low
airspeed, high rate of descent and high powerggdléite helicopter in a Vortex Ring State
(VRS) entry condition during the final stages a# thight. The ongoing AAIB investigation
will focus on the operational aspects of the fligigecifically on the effectiveness of pilot
monitoring of instruments during the approach, apenal procedures and the training of
flight crews.
http://www.aaib.gov.uk/cms_resources.cfim?file=/91-2620AS332%20L2%20G-

WNSB. pdf

Accident summary

These are just examples of recent LOC accidentafAhese accidents indicate pilot's
confusions and lack of basic aeronautical knowlestgeflying skills. Most of the accidents
are related to knowledge about angle of attacksséamltirecovery. The MD-82 and A330
accidents are related to lack of knowledge abgutdlin the ‘coffin cornet (Fig. 5), where
the stall speed/mach is higher and maximum speleaviey, reducing the margin between
Vmax (VMO/MMO) and Vstall.

The Colgan, Turkish and Asiana accidents werestdted to lack of air speed/high alpha
control during approach, and subsequently stallbdy did not recognize the high alpha
flight condition and were not able to prevent toeidents.

We see that these types of accidents are not eldied to fixed wing aircraft. While
airplanes may stall and enter controllable dedp &&licopters may enter (controllable)
Vortex Ring State (VRS) which, from a piloting pbof view, may be comparable to an
airplane stall. The recovery is similar - nose damd increase power.

Accident Investigations

Historically, most LOC accidents were labeled «Homan Error».

Professor Dr. Sidney Dekker offers two views on tar&rror (2006}

The OIld View: ‘Human error is a cause of troubl¢Bad Apple Theory).

The New View: Human error is a symptom of trouble deeper insidgstem”.

Professor Dr. James Reason (1897)

> Reference 15



"The Organizational model views human error moreaasonsequence than as a cause.
Errors are the symptoms that reveal the presendatent conditions in the system at large”.

Dr. Simon Bennett (2012)

“Malfunctions are to be expected in aircraft, bytue of their interactive complexity, tight
coupling and risk-and-error-prone operating envirent. In the risk-laden world of aviation
the pilot is the last line of defense”.

In modern accident investigation theory Human Eisarot considered a cause of accidents.
LOC accidents have several underlying cause faatmisnost LOC accidents are
Organizational Accidents.

Coffin Corner

When flying at high altitude the air density is [owence lift and thrust are reduced. The
airplane angle of attack is increased to comperisatee loss of lift. The mach number
increases as a function of lower temperature. Theisnaximum cruise true airspeed (VMO)
approaches the critical mach number (MMO) and rhaseduced (mach buffet). At the same
time, due to mach effects the stall speed/macmcr@ases. As the airplane climbs the cruise
speed is gradually reduced and approaches the ommitlying speed or critical angle of
attack (stall buffet). Hence, the margin betweeayhhmach buffeting and low speed buffeting
becomes smaller and smaller with altitude. Thightliconditions has been labeled tleeffin
corner’ due to the challenging flight conditions (Fig- 5)

Hand flying at high altitude by reference to aimsge@nly is very challenging. It is very
difficult to control the airspeed accurately angjlerof attack is required for precise airspeed
control.
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Figure 5. Coffin Corner (Wikipedia 2012).
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Aerodynamic Stall and AOA indicators

Aeronautical knowledge about the relationship betwangle of attack and flying speed, and
the necessary training has been basic pilot knayeleshd training requirement for decades.
However, based on the recent LOC accidents it séiemhshe focus on stall theory and
training has diminished.

Aerodynamic stall occurs when the airspeed redbeksv stall speed which varies according
to flight conditions (Fig. 6). However, it is nibte airspeed itself but the angle of attack
which is the critical factor (Fig. 7). The airspasdn indirect indication of the angle of attack
in level flight. During maneuvering flight the wingll still stall at the € Max but at a higher
indicated stall speed. Hence, it is only in leVigit the pilots have a good reference to the
actual stall speed. An angle of attack indicatdlr giwe direct indication in relation to the stall
angle of attack. This is basic pilot knowledge, foutsome unknown reason the aircraft
manufacturers and certifying authorities have beérctant to include an angle of attack
indicator as a primary flight instrument.

.'én./ .

—_—a "

Aerodynamic stal

\:\ (Lo _criical angle of attack)
=’ Angle of attack
. Approach to Stall Stalled
Figure 6. Aerodynamic Stall Figure 7. Airplasiall angle of attack
(D. Carbaugh, Boeing 2010). (D. McKenney, ALPAI@01

Stalls can occur when performing any maneuver.Wing “does not know” about airplane
attitude or airspeed (Fig. 8).
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==p Vector sum of all body forces

Figure 8. Stall during maneuvering (Wikipedia 2D12
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The wing “stops flying” when the critical angle attack is exceeded. Result is stall - and if
not properly educated and trained, the pilot mag lcontrol. An Angle of Attack (AOA)
indicator which clearly and intuitively tells thédgi the margin to stall or minimum control
may mitigate such loss of control. This is the nfostiamental and basic knowledge the
student pilots are required to know, and that trepaed indicator is just an “aerodynamic
indicator” which does not tell the pilot how mudtt inargin he has, but is related to the
forces acting on the aircraft. This has been an ft& discussion for several decades.
Technically it is not complicated to install useabhd intuitive angle of attack indicators in
airplanes. This is merely a policy issue. US Nawg some Air Force fighter airplanes have
had alpha indicators installed for years, in additio stall warning and artificial stall recovery
systems.

Some examples from the author’s personal experietated to flying with angle of attack
indicators:

N

&

Figure 9. Examples of airplanes with angle of éttinstruments (TA-4J, A-7D, F-104C/D, K. Lande).
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Figure 10. Early block F-16A AOA indicator (Arurakval, NLR. Internet 2013).
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Trim Nose Up Some More
170(ish) KIAS

AO0A Indicator

L TrimiHat

Figure 11. A-10C AOA indicator (Internet 2013).

Pilots used to alpha indicators found these vemyitime and useful, showing the lift and
performance margin in maneuvering and accelerditga fis well in approach and slow
speed flight conditions. However, for unknown reesit appears that FAA, EASA, Boeing
and Airbus have been reluctant to provide pilothwhis information.

Reference 19 describes flight in the SR-71A Balakblrhe author makes several references
to AOA and instrument displays. From ref. 19 ammeaitations:

“Practically all high-speed military jets have amgle of attack (AOA) indicator in the
cockpit.”

“AOA is an excellent indication of how well (or hg@eorly) an airplane is flying
through the air.”

“Until AOA indicators were developed, pilots hadkioow their aircraft’s flying
characteristics at all gross weights, fuel loaddpgds, flap settings, airspeeds, and
other variables that affected the plane’s stalletheAn AOA indicator took all those
variables into account and became a reliable indaraof how well the aircraft was
performing. In high-speed fighter aircraft, thisvddopment was a tremendous
improvement because the pilot had only to checl@4 indicator to see how his
aircraft is performing. Once an aircraft reached tritical AOA, it stalled.”

“When | applied for the SR-71 program in 1973, pairthe evaluation process at Beal

consisted of two T-38 rides with an experienced $Riot making sure your flying
skills and general airmanship were good. | had néesvn the T-38 before and was

12



somewhat apprehensive about how the plane hanllgécceptance into the SR-71
program was riding on how well | could fly it. Istinctly remember my evaluator
telling me to fly the T-38 just like it was an Fadd to use the AOA. Once he said that,
| flew it easily.”

As a result of the many LOC accidents in recentsjglere is a growing interest in installing
AOA indicators as part of the PFD. This authorf agsmany other military pilots of tleold
war era”, has flown several aircraft with AOA indicators. Téeperience gained is that AOA
is a very intuitive primary flight indicator andguas valuable as the airspeed indicator.

The author has read several comments from pildtasexd to AOA indicators, supplemented
by some test pilots caution against reliance on AQficators, with reference to inaccuracies
and limitations.

Extract from a Boeing article

“Angle of attack (AOA) is an aerodynamic parameiat is key to understanding the
limits of airplane performance. Recent accidentd eatidents have resulted in new
flight crew training programs, which in turn havaised interest in AOA in
commercial aviation. Awarenes$ AOA is vitally important as the airplane nears
stall. It is less useful to the flight crew in n@hoperational range. On most Boeing
models currently in production, AOA informatiompigsented in several ways: stick
shaker, airspeed tape, and pitch limit indicatooelhg has also developed a
dedicated AOA indicator integral to the flight crevprimary flight display.

AOA has been used as a primary performance pararfagtgears on some military
aircraft, particularly on fighters. There are maggod reasons for this.

In general, fighters operate more often at theexies of the envelope, often flying at
maximum lift for minimum radius turns. For othempdipations, AOA minimizes the
pilot (usually single-place) workload by giving imple target to fly. AOA is accurate
enough for these applications. In addition, theheigsweep and lower aspect ratio of
the wing reduce the sensitivity to AOA errors.

AOA has proved particularly useful for approachaiccraft carriers, where it is
important to maintain a consistent approach atteéddr each landing. In this case,
“backside” approach techniques are used, wherealath is controlled primarily by
changes in thrust while the aircraft is held aix@etl AOAUse of this technique
during approach on commercial jet airplanes woul@ lsontrary to the pitch
commands provided by the flight director bars, atdthe speed hold mode of the
auto throttle, which is often used during approach.

8 John E. Cashman et al, Boeing article. InterneB8201
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The last sentence is part of the problem. The raeetl technique is contradicting to basic
aircraft flight mechanics and piloting principlétudent pilots learn the basic theory of
controlling the AOA/airspeed with elevator and \lifylpower during training.

Figure 12. Boeing AOA indicator (Boeing 2013).

AOA is measured on most modern aircraft and tha gatised in the aircraft computers to
calculate various flight parameters. Further, tli@Aindication is of most importance when
maneuvering or flying close to the stall AOA. Henitee indication will be most useful
during slow speed flight or during LOC and upsebxeeries.

Boeing is offering AOA indicator as an option (Fig2). However, this may not be the most
efficient type of display. This author suggests #rmaAOA indicator should be a more
prominent type of indicator.

Figure 13. Examples of AOA indicators (Internet 201

AOA indicators are becoming standard in civil exmpental aircraft (Fig. 13):

“After installation the unit is calibrated in tha&r during a short flight. There are two
modes in which the AOA is measured: Flaps up apsftlown (15 degrees or more).
Both are set at 1.15 x stall speed. At those spiedaudio warning, “Angle! Angle!
Push!” will sound.

? Cecil Rives, September 2004 Falco Builders Letter
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| have flown with it now for about 100 hours andlfénat | have greater “peace of
mind” than | did before. | suppose you could cahb isecurity blanket. | make my final
approaches a little slower (65 knots over the fgnaed | think make better landings.
AOA is controlled by the elevator and rate of desedth the throttle. (I still keep one
eye on the ASI, though). There have been a cofipistances when the aural
warning of “Angle! Angle! Push!” has been heard my headset. Nice to know
someone is monitoring the AOA.”

Developments in Flight Displays

LOC-I is not only related to pilot knowledge anditring, but just as much to Flight Displays,
Control Sticks and Levers (inceptors/thrust levarspther words the Human — Machine —
Interface.

The author has been exposed to Flight Displaysldped from the 1930’s to present day
state of the art (by flying historic, vintage arndts of the art aircraft). The experience is that
standardization of flight instruments is less intpot to a pilot’s situational awareness and
flight control. It is more important that the piftfeels at honiein the cockpit and knows
“blind folded where the individual instruments and switcheslaocated, and that the
instruments are intuitive, easy to read and in&grprhe author trained instrument flying in
the two seats T-33 (Fig. 14) and flew operationailthe single seat RF-84F (Fig. 15). The
difference did not matter as we were trained te€heck our instruments in a certain scan
pattern (Fig. 30). Further, the flight instrumewsre similar in format and sizes, and one
recognized the instruments from one aircraft tatlaeo even though the location could differ.

Figure 14. Lockheed T-33A (K. Lande) Figl®e Republic RF 84F (K Lande).

It is worth noticing that we did not have a staydattitude indicator available. To compensate
we trained Partial Panel where the ADI was coveredisconnected (by circuit breaker).

15



Photo © 2000 %
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Fiure 16. Canadair CF-104 (Photo : Marc Bourqua ¥. Lande).

With the introduction of gyro stabilized inertidpgforms the stand by attitude indicator
became standard, but there was still no instruagout standardization (Fig. 16). Note the
large instrument sizes which made situational amesg in unusual attitudes easier. It is also
worth mentioning the large Al with heading indicati With reference to just one indicator
one got an instant “3D sense” of the flight attéud@his type of Al was used in several US
aircraft, Apollo and Space Shuttle during the 1861d 1970’s. Compare this with today’s
electronic ADI indicators which do not give theqtithe same “3D” sensation of “attitude in
space”, but only gives a “flat 2D” impression dfitaide.

During the 1960’s the military Flight Displays bewa standardized. This was following the
commercial flight deck standardization startingtie 1950'$° (Fig. 17).
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Figure 17. Northrop F-5A (1960’s) (T.O. 1F-5A-1 WaLande).

FAR 25 specified the flight instruments arranged if-shaped pattern, with the Attitude
Director Indicator (ADI) in center, Horizontal Sétion Indicator (HSI) below, airspeed
located to the left of the ADI, altimeter to thght, with the vertical speed immediately below
the altimeter. This arrangement became known as&asic—T.

Figure 18. Douglas C-47 (1940's) (K. Lande). Higd9. Commercial Airliner (1970’'s) (K. Lande).

Figures 18 and 19 show the development in flighplkdiys in transport aircraft, from the non-
standardized flight deck of a C-47 and the FAA dtadized flight deck of a commercial
airliner of the 1970's.

This standardBasic—T** lay out is still a certification requirement fooatern aircraft in
FAR 25 and EASA CS-25 (Fig. 20).

u Reference 13
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Figure 20. Airbus standard flight display layoutrus).

We see that the relationship between the ADI ardbther flight instruments are retained in
the “basic—T fashion. However, it may be argued that evehdf $can distance is reduced, so
Is the instrument readability.

Another aspect is the regulated installation afidtay instruments, but no associated
requirement for training in use of these instrurs&nt

160 =

150 4

< IAS
140

130
STALL

SPEED

INDICATED
AIRSPEED

Figure 21. Conventional airspeed indicator (Wikiged Figure 22. State of the art airspeed indiqato
(Wikipedia).

In an unusual attitude situation the old fashiaimebdial airspeed indicator is easy to read
(Fig. 21), with large numbers, solid white needbinper and a intuitive indication. With the
pointer on the right hand side, a pull on the siuilkincrease the angle of attack and reduce

12
Reference 8

18



the airspeed. The approximate position of the poimt relation to the position and color on
the scale give the pilot an approximate senseeoéifspeed and the lift margin in a glance, in
addition to give the pilot a good rate of changaimnspeed.

The same type of instrument could just as wellldisoA. The instrument would be
intuitive in the sense that pulling on the consttk/yoke would increase/rotate the indicator
needle to a higher digit and vice versa (pull-iaseAOA, push-decrease AOA).

What can be more intuitive to a pilot than pullmgthe stick that increases the AOA/reduces
the IAS, and pushing on the stick that decrease8/mCreases IAS. It is interesting to note
the format developed by USAF in 1958, and introduoceoperational aircraft such as F-105,
F-106, F-111, C-141 and C-5 (Fig. 23). USAF redeaancluded that the airspeed scale
digits should be increaseing downwards,“i@wver the nose, increase the airspeed” (“fly-to-
principle”).
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Figure 23. USAF Integrated Fl|ght Instrument Sys(ﬁﬁlﬁ) 195813

On the other hand, the present state-of-the-aped@d indicator (Fig. 22) is not intuitjeven
if they have a “speed trend indicator”. This is aptimal as a rate indicator, especially in
turbulence. The scale numbers are increasing upwahds is opposite to raising the aircraft
nose (pulling on the stick). From basic training@mupilot is taught: raising the nose will
decrease the speed and lowering the nose willaseréhe airspeed.

Further, by raising the nose and hence reducingitspeed, the moving scale should move
downwards with decreasing digits from the'foffherefore, the state-of-the-art airspeed

13
Reference 3
14
Reference 9
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indicator is not intuitive and the vertical scalmsld be reveresed. Pushing the aircraft nose
down would then result in increasing airspeed.

SR-T1A-1

CENTER INSTRUMENT PANEL - Forward Cockpit

49 48 47 46 44 43 42 4 40 39 38 37 36
jike Pasition Indicator 18 Shaker Indicator Light 36 Tacan Control Transfer Switch
; ?ﬂsnsn‘ Shaker Switch 19 Mli!udeB Director I ndicator 37 t'., rn.nsds :rl:yg :eu“c Systems
Position 1 ndicator 20 MarkerBeacon Light
3 Emrr:smaisnsm Pressure Gage 21 Master Caution and Warning Lights 38 A and B Hydraulic Systems
5 RSO Bailout Switch 22 Elapsed Time Clock Pressure Gage
6 Temperature | ndicator 23 Standby Compass {In Canopy) 39  Attitude Reference Select Switch
7 RSO Ejected Indicator Light 24 Altimeter 40 Bearing Sgler.t Switch
8 Drag Chute Handle 25 Inertial - lead Vertical Speed Ind. 41 Nav Map Display )
9 Left Inlet Unstart Light 26  Right nlet Unstart Light 42 Ho.rlmn!ll Slluaﬂ?ﬂ Indicator
10 Compressor Inlet Temperature Gage &7 Tachometers 43 Triple Display | ndicator
11 Airspeed - Mach Meter 28 Fire Warning Lights 44 Accelerometer
12 Nosewheel Steering Engaged Light 2 Exhaust Gas Temperature Inds. 45 Yaw Trim Indicator
13 KEAS Warning Light 30  Fuel Derich Lights 46 Forward Bypa§s Switches
14 Air Refuel Switch 31 Exhaust Nozzle Pesition | ndicators 47 Roll Trim Indicator
15 Air Refuel Ready - Disc 32 Display Mode Select Switch 48  Pitch Trim Indicator
Pushbutton and Light 33 IGV Lights 43 Spike Switches )
16 Angle of Attack Indicator 34 Fuel Flow Indicators 50  Inlet Restart Switches
17 Standby Attitude | ndicator 35 Ol Pressure Indicators F203-77(2)p)

Figure 24. SR-71A Instrument panel. T.O. SR-7{A-1.

Fig. 24 show the instrument panel of the SR-71AisTvas a very challanging aircraft which
demanded good pilot knowledge and flying skillsvéts an aircraft which needed continous
pilot attention to attitude and AOA. This was a USdrcradt with an instrument panel
developed concurrently with the previous mentiotd8. Still we see a conventional “Basic-
T” layout with round diales. We see that a largetipn of the instrument panel area was
devoted to the primary flight instruments. Compis to Fig. 27 which is a state-of the-art

primary flight display. We also see the promin@uaition of the AOA indicator close to
attitude and airspeed.

b Reference 19
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The large round dials with prominet pointers alloveasy reading and permitted use of the
peripheral vision registering the relative positadrithe pointer. It allowed the pilot to
interpret the flight condition without necessari@ading the exact number.

Initially, SR-71 piliots were sceptical to nighyithg, and there were some incidents where
pilots overcontrolled in bank during turning at rh& To compensate for this Lockheed
developed a device called Peripheral Vision DisgRYD). It projected a laser generated,
thinly red line parallel to the horizon, across filet’s instrument panel. The PVD was not
intended to be part of the pilot’s instrument cobesk. Instead, the pilot perceived the laser
line indirectly by peripheral vision and subsconsly supported spatial orientation, just as
visible outside horizon supports orientation duriing daytime. As the aircraft pitched and
rolled, the red horizon line also pitched and llacross the instrument panel and gave the
pilot instant orientation. The horizon line flashedvarn the pilot if the pitch or bank angles
exceeded certain limits.

Modern aircraft are equipped with autopilot ancoatirottles. The original intent was that
pilots should use these automated systems in catidinto reduce cockpit work load. When
flying an autopilot coupled approach, the autoptiatrolled the pitch and roll and the
autothrottles controlled the rate of descent. Deaiwas that the PF should disconnect both
when flying manual. However, some pilots develofhedhabit of disconnecting the autopilot
and control pitch and roll manually and let thectiutottle maintain speed. Hence, the auto
throttle controlled the speed and the pilot cotgbthe pitch and roll.

“Pilots normally try to land at the target speed, this case 137 knots, plus an
additional 5 knots, said Bob Coffman, an Americafin®s captain who has flown
777s. He said the briefing raises an important ¢oes "Why was the plane going so
slow?"

The engines were on idle and the pilots were flyinder visual flight rules, Hersman
said. Under visual flight procedures in the Boeiy, the autopilot typically would
have been turned off while the automatic throttleich regulates speed, would been
on until the plane had descended to 500 feet, @Goifsaid. At that point, pilots
normally would check airspeed before switchingludfautothrottle to continue a
"hand fly" approach, he said'®

It seems that Asiana Flight 214 accident may bdairto the Turkish Airlines B737 accident
in Amsterdam, where the throttles were at idle (duiatercept of glide path from above) and
the autopilot was trying to compensate with incirggaalfa, instead of PF handflying the
aircraft manually during the final visual part betapproach. This seems to be a reversion to
the type of aircraft accidents which occurred dgitime early 1960ies with the introduction of
passenger jet aircraft. Older airline pilots weoe familiar with jet aircraft performance
characteristics with approach spe&uls the back side of the power curve”.

16 Curt Lewis & Associates, Flight Safety Informatiduly 15, 2013.
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“The instructor pilot told investigators that at 60t. altitude, he realized the aircraft
was below the PAPI's visual glideslope and toldi¢ifieseat pilot to "pull back” on the
control yoke. "He had set the speed at 137 kt.a@mstimed the autothrottles were
maintaining the speed," the NTSB says. Dependirtgeauto-flight mode selected,
autothrottles, if armed and turned on, should awtoally control engine thrust to
maintain a preset speed, in this case 137 kt.refe¥ence landing speed for the 777-
200ER that day*’

This control technique is opposite of basic pilgtprinciple, and eventually the pilots may
develop a habit of controlling the aircraft’s vedi flight path in this manner. We may also
see the effect of this habit in the AF447 accidesere the PF was pulling on the control
stick (in stead of lowering the nose) and addinbtfuust and thus “fly out of the high AOA
condition”. This would be in line whith his previetraining with Airbus systems, where he
normally is protected by autothrust if approactsteyl AOA.

Hence, an AOA indicator should be a mandated supgi¢ to the airspeed indicator, and by
the same token it would be logical to have an aegpscale with decreasing digits with
increasing stick pul{fly to - principle”), or even better, a round dial as shown in Fig. 21
The combination of intuitive flight displays andntmls (inceptors) should be related to basic
flight principles learned during basic pilot traigi

The digits on state-of-the-art flight instrumentggyin also be smaller than previously and not
so easy to read in &furred’ situation and dynamic flight (LOC) situation. Teame may be
said about the altimeter and vertical speed sc8lash scales are more suited to computers
than to aircraft displays. These types of displagse introduced during the 1980’s and were
driven by the avionics manufacturers. | have sewsitdd research reports documenting the
benefits and efficiency of the modern flight digpladicators, other than engineering and cost
benefits®. According to available literature regarding veatiscale instruments and
movement, the benefits of todays flight displaysa ihOC situation is doubtftil | am
convinced that modern glass flight displays haveroved the horisontal navigation and
helped reduce CFIT accidents. However, they areifgsitive and efficient in resolving the
pilots sense of the “3D attitute in space” in a L8iation (unusual attitude or upset
situation), and may have contributed to some ofdleent LOC accidents. With todays digital
technology it should be possible to design moretional and intuitive Flight Displays.

v Curt Lewis & Associates, Flight Safety Informatiduly 15, 2013.
18 References 7 and 9
19 References 4,5,7 and 9
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CIRRUS PERSPECTIVE

Figure 25. Cirrus SR-22 (Cirrus).

The future flight displays might be something saniio Fig. 25, displaying a synthetic picture
of the outside world. The effect will be much tla@re as looking through a Head-Up-Display
(HUD). The effect will be more like visual flyin@.he larger the screens, the better the effect.
However, regardless of display types, the airasdftstill be sustained in the air by the laws

of aerodynamics. The angle of attack is one ottital factors for sustained aircraft lift and
should be included in the pilots cross check.

The flight displays in most commercial aircrafttoflay were introduced during the 1980’s
and has not changed much, even though todays|dagtanology make most designs
possible.

Figure 26. Airbus 320 (Airbus1982).

Traditionally, test pilot schools and SETP memlberge focused on Stability and Control
where handling qualities have played a significate. The fact that flight displays and
cockpit controls (inceptors) have a large influennea pilot’s ability to control an aircraft in
normal and unusual flight situations seems to lieen neglected. Even though test pilots
perform cockpit assessments, their assessmentsrsedsults in major changes to the
primary flight displays or controls.

The SETP members have a large influence on codkpign and flight displays, and it may
be time to reconsider the present trend, and tonge¢ involved in the development of flight
displays and controls. It may be time to look femrtypes of displays which are more
intuitive, based on human factor considerationskaasic flight principles.
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Figure 28. BoeingiFIight Deck(Boeing 2013).
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Figure 30. CyberJet SJ 30 (Metalcraft Technologieternet 2013).
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Helicopter PFDs

Figure 31. Agusta Westland AW 101 (AW 2011). Fi@zreEurocopter EC 225 (EC 2011).

Aircraft Controllability

With reference to the previously mentioned accislé@ns also worth mentioning the role of
control sticks (inceptors) and handles. These shbeleven more intuitive than modern
controls. It is important that pilots receive feadk cues from the controls which help them
assessing the flight situation and giving the gilo¢tter situational awareness without total
reliance on sight and visual readiffyst may be argued that the PM (pilot monitoring) i
AF447 could not see the control input of the PFaédg it is not clear if he was aware that the
PF held full aft stick and was holding the airciafa controllable deep stall.

20 References 9 and 10
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Figure 34. Pilot information cueing channls

The pilots use several information cueing chandeteng aircraft control (Fig. 34). The
visual cues are most effective, but tactile cuesadso of great importance during certain
flight conditions (i. e. moving controls/inceptagive pilot feedback cues).
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Figure 35. The series pilot model

The basic piloting model ithe series pilot modelas described by Field 2004 (Fig. 35).

The model describes basic piloting technique agestiupilots are taught during basic training.
The model is intuitive and is the most effectivedaloduring low speed manual handling of
aircraft. The flight displays and controls (incepdoshould be based on this model.

It may seem that todays pilots’ knowledge aboutdaiscraft performance is not adequate.
During the 1950-60 era, when the jet aircraft wasoduced, it was focused 6operations
on the back side of the power curv@&his was a result of several approach accidéots, in
the military and commercial aviation.

Pilots became quite familiar with the theory otceaft performance, where pitch attitude
controlled the airspeed and power controlled the oaclimb and descent:

R/C = (T -D)V/W R/D = (D -T)V/IW

2 References 9 and 10
2 References 9 and 10
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With many autopilot modes and pilots increasednele on autopilots, these basic
aerodynamic principles seem to be forgotten bynanbilots normally controlling the aircraft
through the autopilot.

Developments in Pilot Education and Training

Instrument flying (blind flying’) was first introduced by Jimmy Doolittle in USA 1.929.
However, it was not until World War Il that instremt flying became standard pilot
proficiency. After the war instrument flying wasrntmuously developed by improved
instrumentation and pilot procedures. The concépittitude Flying was introduced (Fig.
36). The basic principle is that the pilot contrible airspeed by lowering or raising the nose
attitude of the aircraft. He/she controls the hegdiy banking in the wanted direction of
flight and thus turning to the required headinge3énare the basic and intuitive piloting
principles both in visual and instrument flight.Misual flight the pilot uses the natural
horizon as reference, and in instrument flight lhe/sses the attitude indicatoa(tificial
horizor).

This concept was further developed into categaiesstruments; Control Instruments
consisting of Attitude and Power Instruments, Renénce Instruments and Navigation
Instruments. The principle was simple and intuitive pilot controlled the attitude of the
aircraft by reference to only two instruments anghitored the performance and navigation
instruments for proper response (Fig. 37).

A special pilot instrument cross check was devedqpég. 38), where the main instruments
were the Attitude and Power indicators (Controtrmsients). Improper cross check
technique could result in chasing the performandecators prohibiting stabilized flight (Fig.
39). The student pilots were trained accordindnésé principles and learned to scan the
instruments in a certain scan pattern, where thieude Indicator was in the center and the
most frequent scanned instrument. The faster dais sould be developed, the better
situational awareness for the pilot.

Today's state-of-the-art instrument panel seentat@ lost some of the benefits of the older
panel (Fig. 40). The panel seems very clean antiteied and is certainly saving space (and
money). It is quite sufficient during routine bemitlight conditions within 15° of pitch and

30° of roll attitude, but not optimal during a dymia unusual attitude (LOC) situation.

And what is the standard instrument cross check®sstate-of-the-art instrument panel (of
the “glass cockpit”)?
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ATTITUDE AITITUDE
INDICATOR NDICATOR

VERTICAL VERTICAL

SPEED ALTIMETER AIRSPEED SPEED ALTIMETER AIRSPEED
INDICATOR INDICATOR NDICATOR NDICATOR
Pitch instruments interpreted in o climb Pitch instruments inferprefed in o descent

ATTITUDE AITITUDE
INDICATOR INDICATOR

TURN & BANK HEADING HEADING TURN & BANK
INDICATOR NOICATOR INDICATOR INDICATOR
Bonk instruments interprefed in a right furr Bank instruments interpreted in o left turr

Figure 36. The concept of attitude instrument fiy{hS Air Force AF Manual 51-38 1954).
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INSTRUMENT CATEGORIES

Instruments can be divided into three general categories.

THE THE
NAVIGATION CONTROL
INSTRUMENTS INSTRUMENTS

THE
PERFORMANCE
INSTRUMENTS

Figure 7-2.
Instrument Categories:
Control-Performance-Navigation

Figure 37. Flight instrument categories (US Air EerManual 51-38, 1954).

1 MAINTAIN
detect any deviation INDICATIONS
9 OBSERVE — to de NDICATION

'm?r

5 apJust
attitude, power,
or both

Figure 38. Instrument cross check technique (USFaAice Manual 51-37, 1979).
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A direct
contrel response to
the PERFORMANCE
INSTRUMENTS without
proper reference fo the = CONTROL
CONTROL INSTRUMENTS g INSTRUMENTS
may result in
useless chasing of
instrument
indications

Predetermine definite
indications to be
held or established
on the CONTROL
INSTRUMENTS

Figure 39. Factors influencing cross check techeiguS Air Force Manual 51-37, 1979).

During basic and advanced flight training, botlvisual and instrument flight, it was
emphasised that the primary Flight Control Instroteavere the Attitude Indicator and the
RPM/Power instrument — Pitch controlled airspeed Rawer controlled climb and descent

according to:
R/C = (T - D)V/IW R/D = (D -T)VIW

This knowledge was also the fundamental basisdotrolling an aircraft during any
emergency or upset flight condition:

* Maintain aircraft control (by use of attitude graiver) (Aviate)
* Analyse the situation (Navigate)
» Take proper action (Communicate)

Today'’s pilots seem to forget this, possibly beeaasthorities and manufacturers allow
design and operational use of conflicting contagés and operational practice.
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With reference to State-of-the-art (“all in one’fF[P’s, what is the recommended instrument
scan pattern?

The author has several hundred flight hours wittilar types of display, but was not
introduced to any recommended scan pattern. Thergkidea was that all the information is
included on one displayright in front of you”. However, several LOC accidents in recent
years may indicate that the state-of-the-art PRDEsnot as efficient as thought of in the
industry.

These types of PFD’s are satisfactory only duriegign flight conditions, but not during a
dynamic or upset flight situation leading to an sunal attitude. In such flight conditions all
flight parameters are changing and the human Ionaiynbe saturated by changing parameters
and digits that need direct readings and interpogta

Fig. 41 shows a new Universal PFD with a compuégregated picture of the outside world.
These types of Al may give the pilot a better gitreal awareness in an unusual attitude.
Even better would be a larger screen with analagdalials with pointers, including AOA
indicator.
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Figure 41. Universal Avionics PFD (Internet 2013).

Fig. 42 shows a similar PFD from Rockwell Collififie airspeed, AOA, altitude and VSI are
overlaid on the terrain picture. This PFD wouldgile pilots maintain their situational
awareness even in unusual attitudes and high #8ighaiconditions. Otherwise, the same
comments as to Fig. 41.

As an experienced flight and aerobatic instrudterauthor has seen the reactions of students
with limited or no outside references. During stladht conditions the student pilot’s loose
aircraft control very quickly. However, once visueference to the outside terrain is regained,
they may regain aircraft control within reasonabige. Therefore, future Primary Flight
Displays should be based on a synthetic pictuteebutside world with overlaid primary
flight instruments, and where the AOA indicator glibget a prominent display.
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The human brain is analogue and there seem torbarhtactor indications that round
analogue instruments may be easier and quickeratdinterpret than digital indicatictis

This may be important during dynamic flight sitwais. A reminder to this effect is that most
people use wrist watches with round dials and posntanalogue display) in lieu of watches
with digits (digital display).

VOR/LOC

IMC

Figure 43. Enhanced Flight Vision System (Curt lsefviAssociates,
Flight Safety Information, September 5, 2013).

% Reference and Fig21
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Fig. 43 shows a modern Enhanced Flight Vision SygteFVS) on a head Up Display
(HUD) for use below 100 ft during landing. In liméth previous arguments this author
considers that the display may be more human faetatered by substituting the digital
information for airspeed, groundspeed, radio algtand vertical speed with “pointers with
dots” as shown in Fig. 46 (based on human facseaech, ref. 4), or variants of dial and
pointer display.
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Figure 44. Pilatus PC-12 PFD (Rein Inge Hoff, Semer 2013).

Figure 44 show the PFD of the Pilatus PC-12. Basetthe author’s previous arguments this
display could have been improved by using the wkoteen area for the attitude display,
with overlaid round dials for airspeed/AOA andtaldie, etc, similar to the TRQ, ITT and NG
indicators on the left. These engine instrumentsikhnot be part of the PFD and should not
occupy valuable space on the PFD.

Figure 45 shows a proposed flight display in rafeee20, based on the computer state-of-the-
art 20 years ago. With the advancement in companeravionics technologies during the
latest decades, it is somewhat strange that tkeebadlogies have not materialized in new
advanced cockpit displays in modern aircraft.
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‘Big Picture’ — one
large electronic
display screen. The
pilot uses touch, voice
and helmet pointing to
indicate, select,
command and initiate
modes, functions and
actions.

1. Ontheupperarea
of the screen the
pilot sees head-up
display (HUD)
and weapon-
aiming symbols
and alphanumerics
superposed on the
view of the real
world. At night or
in poor visibility
low light television
or infra red views
are used.

2. Television orinfra
red sensors
produce a view
below the nose of
the aircraft.

3. Thesides of the

display are used to

present systems presentation of information so as to to the 1930s such an idea was viewed
informationsuch  appear three-dimensional. Another at- with some concern by some pilots
as fuel, engine, tribute is the opportunity it affords the because the overall technology of
communications  pilot of selecting a different ‘point of aviation within their experience was
‘,i’t'grl;:‘:“po" view. For example the computer- limited. Today the most recent

4. HUD symbols and
alphanumerics.
S. Pilot’s visor used

for pointing.

generated view of the world can be seen
as if from a position behind the aircraft.
As with some video computer games,
the pilot can fly his aircraft against the
‘background’ of sky and ground. The
pilot might even take a position to one

generation of pilots and those about to
take up flying live in a vastly different
world: a world in which they have come
to accept the abilities and reliability of the
computer. Therefore they do not expect
to have controls directly connected to the

Figure 45. The Big Picture (Coombs 1940)
Cockpit Displays — Test and Evaluation
Reference 21 addresses test and evaluation of itati&plays:

“There have been a number of papers and articlagew about operational
difficulties with modern display and other cockgpistems. As we see it, the problem
has been a series of discontinuities between tees@hd the designers, between the
designers and the testers, and between the usdrthartesters.

As a result of the first discontinuity, betweenrssad designers, inadequate design
requirements are established. This is particulanhjortunate as systems can be (and
are being) designed with greater and greater cali#ds in terms of automatic flight
and guidance and flight control. Without adequagquirements, it is hardly
surprising that there are problems encounteredperational use.

2 Reference 20
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The second discontinuity, between designers amerseseduces the opportunities for
feedback to the designer. In fact, with today’sneenic setting, many systems are
practically committed to production by the timeytmeach flight test. Only if there are
very serious problems, will these systems be ctatec

The third discontinuity, between users and testegjlts in inadequate test criteria.
As a result of this discontinuity, we are left whilghly subjective criteria which vary
from tester to tester. Or we have inappropriataernia.”

“The display desigmust considewhy the pilot needs the dandwhat the pilot is
expected to do with the datAccording to Singleton, several questions must be
answered during development of a display:

» Does thepilot’s needjustify the display?
» What data does the pilot needat has not been provided?
» Can theaverage pilotobtain what is required easily?
» Does thalisplay conform to the real worl?l
To other cockpit displays?
With previous pilot habits and skills?
With required decisions and actions?”

Research on Primary Flight Displays and inclusion bAOA Indicator

The author has not seen any research papers raateel state-of-the-art PFD’s used
throughout the industry or presentations during BEymposiums.

Reference 4 describes the results of a researghngmorelated to readability of different types
of airspeed and altitude displays on HUD'’s.
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Figure 46. Different typeé of Airspeed and Altitutigplays with Mean Subjective Ratifigs
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References 11 and 12 describe the results of andsproject at National Research Council
(NRC) in Canada, testing out the efficiency of sdgpes of attitude references in recovering
from unusual attitudes (UA).

Figure 5 —PFD with ADI in arc-segmented attitude reference (ASAR)
display format, as used for UA recovery research in the Harvard®, Figure 6 — moving horizon pitch ladder AT>.

Figure 47. Arc-segmented attitude reference (ASAR)igure 48. Moving horizon pitch ladder displa

Figure 7 — asymmetric attitude reference Al display”.

Figure 49. Asymmetric attitude reference display.
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ok il sty wnort e S50 Ak ot pie’ Figure 12 — control reversal errors, for each type of ADI display”.
Figure 50. Reaction time. Figure Ebrrect initial control input.

It is not suggested that these types of displagdha solution to LOC accidents. However,
these research studies indicate that in an unastitalde flight situation the shape and format
of primary attitude displays play a significantephnd may help pilots quickly regain control
of an upset aircratft.
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The author has not seen any research data sugptiéirhuman factor benefits of the state-of-
the-art PFD’s of today. The display types are 3ry®ld and it is time to develop new PFD
based on human factor research and technologigahadmentsThe author suggest that
SETP should get more involved in human factor fedugevelopment, simulator and flight
experiment, and flight testing of new types of P&D

Conclusions

Several recent LOC accidents indicate that the Imuiamator related aspects of primary flight
displays, lack of AOA displays, flight control amtteptor design, and pilot education and
training, play a significant role in the pilot'sidling of an aircratft.

It is recommended that the industry initiate mauenn factor based research within these
area$’.

SETP should get more involved in human factor fedusevelopment, simulator and flight
experiment, and flight testing of new types of P&D’

2 One such research program is bgiegformed by Embry-Riddle Robertson Safety Institut
http://prescott.erau.edu/rsi/projects/AoApage/inderl
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