


Vision 1 - the blind spot 

In aviation today, in spite of sophisticated air traffic control and navigation systems, the ~ee-and•be-seen 
concept is still a most important element in collision avoidance. To '!lake the mos~ of this conc:ept, ~e 
should know our sight limitations. This is the first of a series of articles concerning the phys1olog1cal, 
psychological and environmental factors that affect visual efficiency. 

+ 

' 

One little known limitation of the human eyeball is the 
blind spot where ligh L strikes the optic nerve. In most 
eyeballs this b lind .spot is about 30 degrees right of 
centre, looking straight ahead. With both eyes open 
and vision unobstructed by objects, the blind spots of 
each eye are cancelled by the peripheral vision of the 
opposite eye. T he brain combines the image and the 
blind spot disappears. 

But what happens when peripheral vision from the 
opposite eye is obstructed by an object such as a 
windshield centrepost? Now the brain cannot fill in the 
image. How large is the void? I t's about a 
one-and-a-half degree cone diverging from the optic 
nerve. Under some conditions it could block 
instrume nts from view and will blank out a 707 two 
kilometres away. A 74 7 will disappear three kilometres 
away. 

You can fin d your blind spot on the pictu re above. 
Hold the picture at a rms length· with both eyes open, 
focusing o n the cross on the left windshield. Then 
bring the picture in unti l it is almost touching your 
face. With both eyes open you should not lose sight of 
the 74 7 in the right wind shield. Now close your left eye 
and try it again. Keep your right eye focused on the 
cross as you bring the picture in towards your face . 
The 7 4 7 will disappear, then reappear as you d raw the 
p icture closer. 

When your blind spot limitation is combined with 
empty field myopia (the tendency of the eye to focus at 
about six metres when there is nothing to focus on), 
you can really appreciate you r visual limitations even 
u nder CA VOK conditions. 

The solution to this problem, a natural 

p henomenon common to everyone, is to learn how to 
use your eyes in an efficient scan and overcome vision 
blockages caused by the aircraft structure. 
How to scan 
The best way to start is by getting rid of bad habi ts. 
Naturally, not looking out at all is the poorest scan 
technique, but glancing out at intervals of five minutes 
or so is also poor when you remember that it takes only 
seconds for a disaster to happen. 

Glancing out and giving it the old once-around 
without stopping to focus on anything is practically 
useless; so is staring out into one spot for long periods 
of time. 

So m uch for the bad habits. Learn how to scan 
properly by knowing where to concentrate your 
search. 

In normal flight, you can generally avoid the threat 
of an in-night collision by scanning an area 60 degrees 
Lo the left and to the right of your central vision area. 
This doesn't mean you should forget the rest of the 
area you can see from your side windows every few 
scans. H orizontally, the statistics say, you will be safe if 
you scan 10 degrees up and down from your flight 
vector. This will allow you to spot any aircraft that is at 
an altitude that might prove hazardous to your own 
flight path, whether it's level with you, below and 
climbing, or above and descending. 

In the circuit area especially, clear yourself before 
every turn, and always watch for traffic making an 
improper e ntry into the circuit. On descent and 
climb-out, make gentle S-turns to see if anyone is in 
your way. Make clearing turns, too, before attempting 
any manoeuvres • 
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Fuel consumption and the 
mixture control 

During the preparalion of two articles for A viation 
Safety Digest 103 ('Take notice of emply fuel gauges' 
and 'The last gasp') fifty reports qf recent accidents 
and incidents which involved loss of power as a result 
of fu el exhaustion were analysed. 

Three factors involving Lhe pilot showed up time 
and again - inadequate knowledge of the aircrafl's 
fuel system, fai lure to physically check the tank 
contents be fore departure and an over-optimistic idea 
of fuel consumplion rates at the engine settings being 
used . 

In man y cases the inadequate knowledge of the fu el 
syste m took Lhe form of confusion between Imperial 
and U. S. gallons in such areas as tank capacity, usable 
fuel, gauge calibration and fuel consumption graphs 
and Lables . 

The next in the Lrio of pilot factors - no physical 
check of Lhe tank contents before flight - needs little 
comment. T he gauge readings, the previous pilo t's 
estimate, o r even the most sophisticated calcula tion 
based on previous flight times is no substitute for 
loo kin g in the tanks. This piece o f wisdom is proven 
over and over again - unfortunately, too oflen the 
hard way - a nd the number of experienced and 
conscientious pilots who have fallen for the trap 
suggests that no one is immune. 

T he use o f o ver-optimistic fuel consumptio n rates in 
fli ght planning apparently results fro m a fa ilure to 
apprecia te that rates shown in the Owner's Manual or 
Pilo t's O perating H andbook are valid only if the 
mixture is leaned in accordance with recommended 
procedures. Furthermore, there is also a lack of 
appreciation of the magnitude of the fuel penalty 
resultin g from incomplete leaning or omitting to lean 
Lhe mixture during cruise. An old friend, the 
misconception that the mixture should not be leaned 
durin g cruise below 5000 feet, also showed up several 
times . 

Engine operation with the mixture fully rich or only 
partially leaned during cruise is unlikely to cause any 
serious harm although there have been cases of an 
unusual form of exhaust valve erosion leadin g to 
failure, which have been attributed to the effects o f an 
over-rich mixture. H owever, operation with an 
unnecessarily rich mix ture is at best untidy and the 
fuel consumption penalty may be ver y high indeed. 

In many cases a pilot's reluctance to lean out to 
maximum power seems to be caused by concern for 
the engine and this in turn is the result of the 
misconception that, when leaned in this way, the 
mixture is weaker than normal. As the following article 
from the FAA GeneralAviation News points out, leaning 
to maximum power is merely correcting an over-r ich 
mixtur~ which results from the reduced air density at 
altitude. T he a r ticle is highly recommended as a clear 
explanation o f the principles involved . Before going 
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on, however, try this quiz for the aircraft you fly. Refer 
to the aircraft Flight Manual, Owne1·'s Manual, or 
Pilot's Operating Handbook to ve rify your answers. 
- What is the capacity of the fuel tanks? 
- Is this in Imperial or U .S. gallons? 
- What is the usable fuel ? 
- Are the fuel gauges calibra ted in Imperial or U.S. 

gallons? 
- What are the conversion factors-litres to Imperial 

gallons, litres to U.S. gallons, U.S. gallons to 
Imperial gallons? 

- What is the maximum gauge error as shown by the 
fuel gauge calibration card and where does this 
occur? 

- What does each division on the gauges represent? 
One quarter tank, one fifth, some other quantity? 

- What cruise fuel consumption ra te would you 
expect at 3000 feet: 

leaned for maximum power? 
leaned for maximum range? 
with the mixture control in full rich ? 

As an interestin g, instructive and highly valuable 
exercise if you have not alread y done so , at the next 
suitable opportunity carry ou t an accurate check of the 
actual overall fuel consumptio n achieved using you r 
normal power settings a nd leaning technique. You 
may be surprised . 

Acknowledgement is given to t he U.S. Fed eral 
Aviation Agency for the following article adapted 
from the General Aviation News. 

The engine doctor and the case of the vanishing fuel 
Pilot: Doctor, I've been referred to· you for some 
advice about the aircraft I fly. I'm not getting anything 
like the range I should and the fuel consumption 
varies so much I don't know what to plan on. I make 
regular interstate trips and for the three hours flight I 
might use from 20 to 30 gallo ns of fuel. I hope it 
doesn't mean the engine is packing up- it's only done 
800 hours. 

Doctor: Let me get a little history. Has the fuel 
consumption always been erratic or has it just started ? 

Pilot: It's a lways been a little unpredictable but it 
seems worse over the last few months since I moved 
east and began making these regular interstate trips. 
It's only about 1100 km round trip and the book says I 
should ge t about 1400 km on a full tank at 75 per cent 
power , but Doc, if I don 't refu el, l get home with the 
tanks almost dry. 

Doctor: Hmmm. Sounds like a check-up is in order. 
Might not be se rious, but. then again ... How does it 
run? 

Pilot: It runs smoo th - excep t whe n I fly over the 
mountains, and everybod y knows aeroplanes always 
go into 'automatic roug h' over water and mountains, 
so that's probably my imagination. As for a check-up, 
that was the first thing I though t of, so I had the 
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hundred hourly done early, just to be sure. lt all 
checked out okay. Plugs had a little lead on them but 
they cleaned up good. The LAME said th ere was 
no thing wrong that could affect the rue! co nsumption 
- nothing wrong at all. I even wonde red if I was 
getting bad fu el-too low octane or something - so l 
asked around, but nobod y e lse admitted to having the 
same problems. It worries me because I do n't fee l 
com fo rtable in a sick aeropla ne. Can you suggest any 
specia l tes ts? 

Doctor: Maybe later - but first I wan t to examine 
yo ur method of operation, if you don't mind . 

Pilot: Oh, come on, Doc. I've got several hundred 
hours a nd never had a p roblem before . Ask the 
training school where I learned to fl y - I soloed in six 
hours. Never bent anything, never had an accident ­
no t even an incident. And I had no trouble 
transitionin g to this ai1·craft, even ifl do say so myself. 

Doctor: I'm not questioning your fl ying ability.just 
wondering about your procedures. For exam pie, what 
power settings do you use en route? And what about 
your altitude profile? 

Pilot: I always cruise at about 70 per ce nt power, 
even though they say it's okay at 75 per cent- I like to 
be nice to my engine. I use 23 and 23 (2300 rpm, 23 
inches of manifold pressure) most o f the time. And the 
a ltitudes - they don't vary much either . I usually kee p 
below 5000 until the Divide and then get up to abo u t 
6000 if the weathe r is clear. Once in a while , if it's early 
eno ugh in the d ay so the air is smooth , I'll go up a nd 
over the mountains, that takes about 8000 feet. That's 
funn y tool Instead of takin g less gas to Oy higher, I 
generally use more . 

Doctor: I see. Now tell me, how do you make these 
altitude cha nges - by 'stair ste pping' at fixed points? 

Pilot: Well , no , just a gradual steady climb if I'm 
outside the CT A. 

Doctor: Aha! And what about the mixture - do you 
make frequent adjustments? 

1600°F 
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Pilot: Not when I'm climbing, of course. I always 
lean when I get up to my maximum altitude. Of 
course , I always run l'ull rich in a climb, or cruising 
below 5000, like you' re supposed to. 

Doctor: What makes you think yo u're not supposed 
to lean during cruise below 5000 feet? 

Pilot: My instructor taught me that years ago, whe n 
first learned to fl y. 
Doctor: I a m afraid that is a very much 

misunderstood instruction. 'Neve r Jean below five' is 
good advice when re ferrin g to take-off or climb power , 
certainly. But nowadays, at least, the engine 
ma nufacturers are te lling you that with a normally 
aspirated e ngine at cruise power - which can be 
anywhere from 55 Lo 75 pe r cent o f' full power -you 
should adju st the mixture for any signif'icant cha nge in 
altitude or power setting. · rh is saves fu el and keeps the 
engine running cleaner. 

Pilot: At any altitude? Even at 2000 o r 3000 fee t? 
Doctor: I've done it at I OOO feet and got improved 

performance. Why not? 
Pilot: I heard you could get d etonation .. . 
Doctor: Not if you follow the manufacturer 's 

instructio ns. Know your power settings - tha t's the 
key - they are all in the Pilot's O perating Handbook. 
Be sure the rpm are where they belo ng - and the 
manifold pressure, with a co nstant speed propeller 
like yours. In a ny case, if you climb steadil y for most of 
the trip, without leaning en rou te, yo u can e xpect to 
waste a ton of fue l. You might be able to save about ten 
per cent out of a full ta nk by going to 8000 feet early, 
leaning the mixture properly, and cruising at that 
altitude . 

Pilot: You do n't say? 
Doctor: I do. Incidently, whe n yo ur o ld instructor 

cautioned y.ou about never lea nin g below 'five' was he 
talking about de nsity a ltitude or MSL? 

Pilot: I don' t re member. MSL I think. Does it make 
an y difference? 
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Doctor: Considerable. For example, you might be 
flying o uL o f an aerodrome at nearl y 3000 feet this 
summer when the temperatures are around 35°C. 
That could give you a density a ltitude of over 6000 
feet, which means that your engine is very like ly Lo be 
running a little rough or giving you less than normal 
power if your mixture is at full rich on take-off, and 
while you are climbing. 

Pilot: I never heard of taking off or climbing a t less 
than full rich. 

Doctor: You are hearing it now. Lycomin g, who 
makes you r engine, recommends that before taking 
off from any airport where the altitude is above 5000 
feet densiLy a ltitude, you lean at maximum rpm to the 
point where the engine runs smoothest - or by 
reference to the fuel flow meter if you have one. 
Naturally th is does not apply Lo turbo-charged or 
supercharged engines, which always a re on full rich al 
take-off. 

Pilot: Naturally. 
Doctor: Now suppose you describe for me your 

leanin g procedure. 
Pilot: Standard procedure, Doc. Ease the mixlure 

control knob back until the engine gets a little rough , 
the n push it in until it gets smooth. T ell you the truth, I 
get ed gy when the engine even acts like it is going to 
run ro ugh, so I usuall y stop leaning just short of that 
point. 

Doctor: Oho! I suspect we have uncovered another 
root of your problem. With your tried and true 
method o f leaning you are probably in the habit of 
feeding your little bird an overly rich diet, which leads 
to a n inefficient performance and perhaps some other 
complications which have not yet su rfaced. 

Pilot: I still think it's the fuel. I never had a ny 
trouble before l came east. 

Doctor: Perhaps. But I think your proble ms simply 
became more prominent here because we have higher 
and more var ying terrain, which calls for more 
frequen t and accura te mixture 'adjustment. Swpping 
short o f a distinct engine response makes it impossible 
to lean acc urately, especially without cylinder 
temperature or EGT gauges. What yo u experienced as 
'automatic rough' over the mountains was probably 
the result of an overly r ich mixture. No tell ing how 
much unburnt fue l you are blowing out of yo ur 
exhaust. Do you know what the diffe rence is in fuel 
consumption, at cru ise, betwee n full rich and optimum 
leaning? 

Pilot: A few miles per gallon, I guess. 
Doctor: l've heard repo rts varying from 15 to 25 per 

cent. Lycoming, for example, says that their highe r 
horsepower enginc;s use about three and a half gallo ns 
more per hour without leaning. They say that in a 
typical installation that will cost you one hour of flig h t 
time from a full tank. 

Pilot: That much? That is considerable. But I still 
hate the idea of leaning till I get a rough engine o r a 
bunch of detonation. 

Doctor: l think you are unduly worried because the 
word 'leaning' has several different meanings. Let's 
back off a little and consider the basic situation . You 
know that your engine burns air and fu el in a 
proportion of approximately 15 to 1, by weig ht. When 
we achieve the optimum mixture we get what is known 
as a che micall y correct combustio n - or a clean burn. 
Virtually a ll of the oxygen and fuel are consumed, and 
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all of the available energy is released. For any given 
engine this ideal proportion is the same al any altitude. 
However, with increases in altitude the density of the 
a ir is reduced, and the proportion of fuel is enriched. 
That produces an overly rich (or chemically incorrect) 
mixture and eventually a loss of power. We can 
compensate in one of' two ways; by supe rcharging or 
turbocharging the engine-which compresses the air, 
so that the proper mixture is automatically maintained 
for us - or by what is popularly known as 'leaning'. 

Now, leaning in this sense simply means pulling back 
on the mixture knob to reduce the ra te of fu el flow to 
the carburettor or the cylinders. You 'lean' d uring 
cruise to achieve the chemicall y correct combustion -
no more. For your type of engine there is no point in 
achieving a 'lean mixture', that is to say, a 
less-than-ideal proportion of fuel. This could lead to 
some engine problems under certain circumstances. 

Pilot: That's what bothers me about leaning to 
roughness, before smoothing it out. 

Doctor: l don't think you can go wrong by following 
your Pilot's Operating Handbook, and that is exa~tly 
what it tells you to do. You see, with small engines, and 
with practically all carburettor-equipped engines, fuel 
distribution is never exactly even. One cylinder will 
usually reach its lean mixture limit before the others 
and start misfiring, which produces roughness. But 
th is is not the same as detonation , and normally the 
engine will not stop. Even if it should , from 
overzealous leaning, pushing in slightly on the mixture 
control should restart it immed iately. 

Pilot: Why don't we want to have a chemically 
correct mixture on take-off or climb, then? Or do we? 

Doctor: No, we do not. Because the chemically 
correct combustion achieves peak tem perature for a 
given power setti ng - about 2200°C at maximum 
cruise power. At full power the temperatures would be 
far higher, about 3300°C, and this would damage the 
engine, so at hi gher-tha n-cruise power settings we 
always keep the mixture on the rich side of the ideal 
proportion - full rich, for take-off below ' fi ve'. It also 
happens that you get maximum power slightly on the 
rich, or cooler, side of your chemically correct mixture. 
You can observe this on our chart. 

Pilot: Do you mean, the leane r the mixture the 
hotter the burn? 

Doctor: That is true, up to a point. Remember too, 
the unburnt fuel in a rich mixture serves to help cool 
the engine. 

Pilot: Then why bother LO lean the engine at take-off 
on higher altitudes? 

Doctor: Because if' you exceed the rich tolerance 
limit you lose power, which you may need for a safe 
take-off. Yo u may also get misfiri ng and possibly 
foulin g of the plugs. You should know what rpm to 
expect, and be alert if you see them fa lling off. Ease the 
mixture out until they come back to normal, and then 
ease it in slightly. 

Pilot: It see ms to me that there ought to be a more 
scientific way of doing it. Aren't there any gauges that 
will help? 

Doctor: The re arc temperature gauges, and they do 
help, within certain limits. We'll get into that next time 
you come in. Meanwhile, l suggest you go out in your 
aeroplane and put a few or the ideas we discussed into 
practice. See if your fuel consum ption doesn't go 
down. Next please • 

Low cloud, blind valley • • • 

S_afe operation of an aircraft under Instrument Flight Rules involves more than just the manipulatron of the 
aircraft controls. It requires adequate pre-flight planning and preparation. When the non-instrument rated 
pilot ~fa Piper Comanche entered cloud on a Special VFR flight, the aircraft struck a mountain and the pilot 
was killed. Fortunately, his two passengers had left the aircraft when it landed earlier and had travelled to 
their destination by car. 

The pilot was a middle-aged businessman who had 
been flying for 16 years and had accumulated over 
3000 hours experience, of which more than 1600 
hours had been flown in Comanche type aircraft. He 
held a private licence but because or colour bli ndness, 
he was not authorised to fly at night. Several yea rs 
earlier, the pilot had successfully completed a flight 
test for a Class 4 (Day) instrument rating but before his 
lice nce could be suitably endorsed , the Department 
withdrew this class of rating. AL the time o f the 
accid ent, the pilot did not hold an instru ment rating of 
any kind. 
. A.s part-owner of the aircraft, the pilot had equipped 
1t wllh an ADF, a VOR and a DME, and had a 
transponder on order. A two-axis auto-pilot with 
' heading hold ' capability was also installed, and the 
a ircraft was approved for Night VMC operations. 

On the morning of the accident, the pilot submitted 
a VFR fl ight p lan a t Archerfield for a fli g ht with two 
passengers to Bundaberg and return, at a nominated 
cruising a ltitude of 8500 feet for the nonhbo und leg. 
Other aircraft in the area on lFR flights reported 
considerable periods in cloud while aircraft 
maintaining VFR had to fly at lower levels. Most were 
corn pelled to divert from track and a t least two aircraft 
were forced to turn back before reaching their 
destination. Towards Bundaberg, however, 
conditions improved and it was fine whe n the 
Comanche arrived. 

By early afternoon , the pilot and his passengers had 
corn pleted the ir business and they boarded the aircraft 
for the re turn fli ght. After taking off from 
Bu nd aberg at about 1400 hours, the a ircraft 
climbed to the planned cruising a ltitude of 7500 
f'e~ t but, sh.ortly afterwards, the pilot was ad vised by 
Flight Service that both Archerfield and Brisbane 
control zones were closed to VFR operatio ns. 

By now, the weather over the whole area had 
? ete rio rated . Around Brisbane, conditio ns were being 
influenced by an unstable south-easterly strea m, which 
was causing rapid fluctuations·in the weather with 
heavy showers and low cloud. Reaching Gym pie, the 
pilot requested a Special VFR clearance through the 
Brisbane co ntrol zone Lo Archerfie ld at either 7500 
feet or 1500 feet but the clearance was not granted and 
the pilo t was told that the condi tions a t Archerfield 
were at the minima. 

At that stage, the pilot decided to land a t 
Maroochydore and await developments. He made no 
e ffort to find a break in the cloud cover for the descent 
but began a let-down in IMC, over-flying the Nambour 
VOR and then tracking to Maroochydore. T he aircraft 
did not become visual unti l it was down to abo ut 1500 
feet over the sea and , after orbiting to await the 
passage of a rain shower, the a ircraft landed at about 
1500 ho urs. 

Once on the ground, the pilot telephoned the 
Archerfield briefing office and asked about the 
current weather situation at Brisbane and Archerfield. 
He was told that both comrol zones had been closed to 
VFR operations for most or the afternoon and that no 
prospects were held for a ny substa ntial improvement 
in the weather. H e also discussed transitting through 
the Amberley control zone, a pparently with the 
intention of making a roundabout entry to Archer field 
from the west via Kilcoy. After some discussio n, the 
pilot then said he wou ld fly to Redcliffe on the 
northern boundary of the Brisbane zone and further 
review the situation from there. 

At 1626 hours, the aircraft took off from 
Maroochydore and whi le en route to Redcliffe, and 
before and after landing, the pilot again requested a 
Special VFR clearance to Archerfield , either via the 
lane of entry or through the Brisbane control zone, or 
alternatively a clearance with Brisbane Airport as the 
d estina tio n. Because of low cloud , restricted visibility 
and associated IFR traffic, no ne of these cleara nces 
were granted but it was agreed that the req uests would 
be kept under review. As it happe ned , while the 
aircraft was on the ground at Redcliffe, a te mporary 
im provemenl in the weather would have allowed A TC 
to consider Specia l VFR operations in the Brisbane 
control zone but attempts by Brisbane Fligh t Service to 
contact the ai rcraft were not successful. 

At this stage, the passengers decided to corn plete the 
rest of their j ourney by car but the pilot elected to stay 
wi th the aircraft, mention ing that the re was still some 
daylight left and tha t the weather might improve. H e 
te lephoned a frie nd with a private airstrip to the 
south-west o f Redcliffe and, after checking on the 
serviceability of the strip, arranged to fly there and , if 
necessary, stay the night. On d epa1·ture from 
Redcliffe, the pilot again contacted Bri sbane Flight 
Service and requested a Specia l VFR clearance to 
Archerfield through the lane of entry, but by now the 
weather had deteriorated again and the clearance 
could not be granted. 

After landing at the private airstr ip the p ilot 
prepared to stay overnight, but then mentioned to his 
friend that he had to fly the next day and he was 
concerned that the stri p, which had a natural surface, 
may become unserviceable if the rain con tinued 
during the night. Before securing the aircraft for the 
night, the pilot said he would make one last call to 
Archerfield and, a t 1814 hours, he again telephoned 
the Archerfie ld briefing office. Once more he asked 
about the lates t situation a nd requ ested a Specia l VFR 
clearance to enter the zone throug h the lane of entry. 

At that stage, the cloud base at Archer field was 1000 
fee t, the r a in had eased a nd visibility towards the lane 
in the direction from which the aircraft would come 
was about 13 kilometres. It was stressed that, if the 
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Pilot's view of the northern entrance to the Archerfield 
lane of entry. The correct track is shown on the left; the 
probable flight path of the Comanche is on the right. 

pilot lost no time in departing and if conditions 
remained the same, a Special VFR clearance for flight 
in the zone would be granted . Last light at Archerfield 
was 1843 hours and the pilot estimated the flight 
would take 13 minutes. 

Afte r telling his friend he might be back if the 
weather did not look suitable, the pilot returned to the 
aircraft. About 10 minutes later, it took off into the 
north but, instead of turning so uth-west towards the 
northern end of the lane of entry, it headed initially in 
a westerly direction , possibl y to avoid a nearby rain 
shower. The pilot transmitted a departure time of 
1822 hours, with an estimated time of arrival at 
Archerfield of 1835 hours. He was advised that he 
wou ld be given a Special VFR clearance eight 
kilometres from the control zone boundary and his 
acknowledgement of this information was the last 
communication received from the aircraft. 

Sho rtly afterwards, several witnesses in a valley 
about nine kilometres west of the lane of entry saw the 
Comanche fl ying in drizzle at a very low height 
benea th cloud. This valley heads in a south-westerly 
directio n whereas the track through the lane of entry is 
to the south-east. Some distance along the narrowing 
valley, the aircraft began to climb and it di sappeared 
into cloud. 

When nothing more was heard from the aircraft, a 
Distress Phase was declared but it was not until four 
days later that the wreckage was finall y discovered 
about 400 feet below the summit on the north face of 
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Mt D' Aguilar, which rises steeply to 2550 feet. The 
aircraft had crashed in extremely rugged, inaccessible 
terrain , and the accident site was directly in line wi th 
the track of the aircraft when it was last see n from the 
ground. 

It was readily apparent from the evidence of witnesses 
that the pilot, though not rated , occasionally operated 
the aircraft in instrument meteorological conditions. 
Passengers who had Oown with t he pilot earlier on the 
day of the accident reported that the aircraft had been 
operated in cloud and the p ilot obviously considered 
himself competent in the use of all the radio navigation 
aids installed in the Comanche. 

Although it was doubtful that the aircraft had been 
flown in cloud on the first leg of the flight northbound 
from Archerfield , there was no doubt at all abo ut the 
retu rn fligh t during the afternoon. The witnesses in 
the aircraft confirmed that the p ilo t descended in 
cloud at Maroochydore, using the Nambour a ids. 
From 7500 feet down to a he ight of 1500 feet, the 
a ircraft was in cloud and rain. At no time apparen tly, 
did the pilot contemplate returning to Maryborough 
or Bundaberg in VMC, or turning back until VMC was 
established and then proceeding visually be neath 
cloud to Maroochydore. 

A further indication of the pi lot's attitude to fl ying in 
cloud was his contemplation ofa flight over Kilcoy and 
Amberley. With ra in showers over the coast and hills, 
and with Brisbane and Archerfield both closed to 

VFR, it is inconceivable that any pilot could consider a 
VFR flight over that route as a n alternative to fligh t 
a lo ng the coast. Th is fligh t did not eventuate of course 
but even to have contemplated it is indicative of t h is 
pilot's attitude that he was qualified but because of a 
technicality, unable to hold an instrument rating, and 
could therefore fly in IMC - albeit illegally - at any 
time. This seems to have given him an assurance of his 
capabilities far beyond that of the usual VFR pilot. 

It appeared from his radio communications that the 
pilot continually painted a more optimistic picture of 
the weather conditions than other airspace users and 
observers o n the ground . Even his telephone 
conversations suggested h e was biased in his 
observations, and at one stage he was cautioned on his 
assessment of the weather. 

At the time the aircraft took off from the p ri vate 
airstrip, a witness described the conditions as clear in 
the immediate vicinity of the strip with a general cloud 
base of eight oktas above 1500- 2000 feet, five to six 
oktas at various levels down to 300- 500 feet and 
traces of cloud between 150 and 200 feet along a 
nearby river. To the sou th, in the direction of 
Archerfield , and to the east the visibili ty was at least 
eight kilumetres but to the north and west it was 
less than 1300 metres, and it was not possible to tell 
wher e the rain merged into the cloud base. 

Although last light at Archerfield was 23 minutes 
after the aircraft took off, witnesses near the airstrip 
said the light faded quickly about 10 minutes after the 

Comanche departed. Quite apart from the other 
weather considerations, the pilot's decision to 
commence the flight in rapidly approaching d arkness 
seems another indication or his attitude of being able 
to change to instrument flight at any time. 

From the fl ight path of the aircraft subsequently 
established by ground witnesses, it seems certain that 
the pilot decided to fl y around the shower near the 
entrance to the Jane of en try and then turn south-cast 
down the lane through the gap between the rain and 
the D' Aguilar range. For this reason he initially flew 
westward and then turned south-west in a sweep which 
the pilot probably thought would bring the aircraft 
into the lane. 

It would appear that for some reason, the pilot flew 
too far west and turned up the wrong valley. Although 
the exact reason for his failure to turn is not defini tely 
known, it is likely that in the prevailing conditions and 
at low level, he would have had difficulty in identifying 
visual reference points, particularly if diversions 
around showers were also required. The lane of entry 
and its northern approaches are difficult areas for 
map-reading, especially at low level. The countryside 
consists of undulating ground with a series of small 
valleys and timbered ridges lyin g across the lane. 
There is no clearly defined valley, road, river or 
railway line leading down the lane towards 
Archerfield. I t has been estimated that the additional 
distance between the entrance to the lane and the point 
where the aircraft eventually turned up the valle y 
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would have been covered in about 45 seconds flying 
time. 

Once the aircraft had entered the valley, it seems the 
pilot became· aware of rising terrain on either side and 
put the aircraft into a climb. The pilot had once told 
one of the witnesses that if he was ever caught out by 
bad weather, he would climb out of it rather than try to 
regain visual contact beneath cloud. As the aircraft had 
struck the ridge directly in line with its last observed 
track, it is likely the pilot adopted this course of action. 
But the gorge at the end of the valley is very steep and 
it would seem that, once committed, the aircraft would 
have been unable to outclimb the D'Aguilar Mountain 
Range. 

In a great many accidents that occur as the result of 
attempted visual flight in adverse weather conditions, 
the events leading up to the crash itself take place over 
a considerable time interval. Often the aircraft strikes 
some navigational difficulty or diverts around 
supposedly 'local' conditions for quite some time 
before it is finally trapped by the weather. This 
accident is unusual however, in that it happened only 
eight minutes after take-off on a flight with an 
expected duration of 13 minutes. The decision to 
attempt the flight was made in this case while the 
aircraft was safely on the ground, the weather which 
was to be encountered was clearly visible from the 
ground and the pilot knew the terrain to be crossed. 
He was aware of the failing light and that conditions 
had been fluctuating rapidly througtioul! the 
afternoon. 

Though the pilot had persisted in his efforts to reach 
Arche rfield during the whole of the a fternoon he did 
not mention any pressing need to complete the flight 
that evening. Certainly, he had been concerned about 
the possibility of rain affecting the serviceability of his 
frie nd's airstrip, but at that stage he had the option of 
flying back to Redcliffe, only four minutes away, and 

Frost 

leaving the aircraft there for the night. Earlier, when 
the aircraft was on the ground at Redcliffe, the pilot 
seemed quite resigned to the situation and the 
possibility that he might have to spend the night at his 
friend's place. He gave the impression that he might as 
well stay with the aircraft and see how the weather 
developed, without being concerned too much either 
way. Nevertheless, he did not leave the aircraft a t 
Redcliffe and, when flying to the private airstrip, he 
continued to seek special clearances to reach 
Archerfield. 

The pilot was aware that conditions suitable for 
'Special VFR' existed in the lane of entry eight km 
from the boundary of the Archerfield control zone 
and obviously intended to stay visual below cloud and 
make a quick low-level flight to that point. Before 
taking off, the pilot had remarked to his friend that, if 
conditions were not suitable , he would be back. But a 
return to the private strip would only have been 
possible for a few minutes after departure because of 
the fading light, and though the pilot probably 
intended to remain below cloud, his 'way out' if he 
encountered any problems would not have been a 
return in VMC, but a climb in IMC. 

The pilot did not seem in any way overawed by the 
task ahead of him but seems to have been supremely 
confident that, once the ' formality' of obtaining the 
Special VFR clearance eight km from the Archerfie ld 
control zone boundary had been met, his arrival was 
assured. Although he said he might re turn, it was not 
very likely he thought he would be back. It seems the 
pilot's confidence in his ability to fly on instruments 
was such that he believed he could extricate himself 
from any difficult situation if it became necessary. 

On this occasion, by the time the pilot realised he was 
in difficulty, the aircraft was already in a position from 
which it could not outclimb the rising te rrain in the 
distance available • 

It is not hard to imagine what a layer offrost like that in the photograph could do to the aerodynamics of an 
aircraft. Our picture was taken at Roma in Queensland on a clear July morning and shows the amount of 
frost that can form on the external surfaces of an aircraft in certain weather conditions - even in the 
'Sunshine State'. 

But the frost need not be as thick as this to create a 
serious hazard, as the pilot of a Cessna Agwagon 
discovered rece ntly'when he attempted an 
early morning take-off fr~m an agricultural strip in 
south-eastern Queensland , with a thin layer of frost 
on the wings. 

The pilot had commenced operations from the strip 
the previous afternoon and, when he had finished for 
the day, he refuelled the aircr aft and left it parked in 
the open. The next morning was cold and cloudless, 
and there was no wind. Returning to the strip at about 
0600 hours, the pilot carried out a daily inspection and 
found the ai rcraft covered by a thin layer of frost. H e 
was aware of the hazards of a ttempting to opera te 
a ircraft with frost on the wings, but he considered on 
this occasion it was not thick e nough to cause a 
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problem. He started the engine and let it warm up 
while the loader driver prepared to load the aircraft. 

While the engine was running, the pilot noticed the 
slipstream from the propeller had blown all moisture 
off the windscreen. He carried out his pre-take-off 
checks and, with the aircraft loaded to about 66 kg 
below the maximum permissible take-off weight, he 
lined-up for take-off. Opening the throttle wide, he 
checked the engine was delivering full power and, as 
the aircraft accelerated along the strip, the ta il lifted 
normally. 

At 65 knots, he ~ried to lift off but there was only a 
slight shuddering and the aircraft would no t become 
airborne. He continued the take-off and , at a higher 
speed, the aircraft eventually left the gro und bu t 
immedia tely struck a fence at the end of the strip. T he 

pilot quickly closed the throttle and the a ircraft landed 
heavily in a wheat cro p in the next field. T he left 
landing gear broke off, the left wing tip d ug in and the 
aircraft somersaulted on to its back and cam e to rest 
inverted some 240 metres fro m the e nd of the strip. 
The pilot was not injured. 

The pilot was very experienced in agricultural 
opera tions and had a total of about 12 500 flying 
hours. He had encountered frost on his aircraf t before 
and his practice was to e ither hose it o ff or , if a hose was 
not available, to fly the empty aircraft o nce around the 
circuit. 

On this occasion , the pilot saw that the frost on the 
wings was about three millimetres thick and he did not 
consider r emoving it because he believed a layer as thin 
as that would not be sufficient to cause an y significan t r 

degradation in the aircraft's handling characteristics. 
The pilot was unaware, however, that it is not so m uch 
the thickness of the layer that creates the problem as its 
irregular surface. This roughness increases drag and 
causes early airflow separatio n over the win gs. A 
higher airspeed is required to generate sufficient lift 
for take-off, and consequently a longer take-off 
distance is necessar y. Had the pilot been mindful of 
these effects, he might have 1·ecognised the red uced 
performance sooner and either d um ped the hopper 
load in order to clear the fence or abandon ed the 
take-off and brought the aircraft to a stop - even if it 
involved a deliberate ground loop a t low speed - with 
far less disastrou s r esu lts. 

The acciden t to the Agwagon provides a timely 
reminder of the hazards in neglecting even a thin 
coating of frost on an aircraft and shows that the 

p roblem is not confined to cooler climates but can 
occur in normally warmer areas given the r igh t 
conditions. 

Yet another aspect of the frost hazard was brought 
to our notice recently by the captain of a D C-9 which 
was being p re-flighted at Canberra for a sched uled 
early morn ing departure fo r Syd ney. While carrying 
out his external inspection, the captain noticed a reas of 
frost extend ing ove r about five square metres on the 
top sur face of each wing. Decidin g to have a closer 
look, he stood o n a baggage barrow a nd discovered 
large areas of ice up to about three millimetres thick 
wh ich were not visible from the ground. One of the 
cabin overwing emergency exits was then removed 
and a further check revealed what at first sight 
appeared to be water from melted frost on th_e inner 
section of the wing but o n closer inspection tur ned out 
to be clear ice. 

T he captain said the o utside air tem per a ture at the 
time was zero degrees.Celsius and there was some 
sunlight on the win gs. It seemed to him the frost had 
melted in the weak sun and then run down the wing 
surface, which was still very cold, and re-frozen . The 
aircraft was delayed for 80 minutes wh ile the up per 
surfaces of the wings and stabilizer were de-iced with 
alcohol. 

During his p re-flight inspection, the captain 
recognised the frost patches as a poten tial hazard , and 
h is persistence in follow ing up the initia l indications no 
doubt a~erted what may well have developed into a 
serious occurrence • 
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Wings, wizards and wisdom 
An old-head aviator tells how superior skill and cunning can be overcome by bad planning and bad 
judgment. 

I stood in the grass near the runway watching the 
spot landing contest. The lightpla ne pilots were 
aiming for a line painted across the runway just 
beyond the numbers, and several h ad come fairly 
close. A red and white Cessna was now on downwind 
for his sho t at winning the prize. The pilo t pulled 
the throttle to idle and I watch ed his patte rn towards 
the target. When he turned from base to final, he was 
o bviously too high. H e slowed the aero plane by pulling 
the nose up and the descent a ngle steep ened. It was 
still appare nt that he was going to over shoot so he 
pulled the nose up even highe r , violating everything 
sacred to safe ty. His genius for converting lift into a 
plummeting desce nt was outstanding. It a p peared that 
he might at least come close to the target. H e was low 
enough that I could see the set of his j aw and l 
imagined crossha irs on his glazed eyeballs as the plane 
dro pped rapidly towards the mark. 

The landing gea r tried to cu shion the crunch, but 
it spraddled with a n indecent shedding of 
alum inium garme nts into a sh ameful heap. I ran to 
o ffer assista nce, but found two healthy people, 
although the dazed pilot seemed a bit crestfa lle n. His 
disappointme nt, was centred on missing t!1e target, 
instead of the fact that he h ad just be n t his aeropla ne. 

This incide nt is a n example of poor judgment -
the kind o f situatio n caused by a pilo t not p roper ly 
orde ring his priorities. Whe n people are unable to 
place things into proper perspective they can become 
a hazard to the mselves or other s. T h ey m ay be 
highl y skilled, even extremely smar t, but something 
ha ppe ns to them that short-circuits their abili ty to 
see thin gs as they really are. In a similar way, pilots 
are some times struck with mo ments of insanity that 
temporarily paralyse their judgm e nt. You may be a 
wiza rd at the art of flying but if you can't put t hings in 
their proper perspective, you'r e pro ba bly heading for 
an accide nt. 

We all acknowled ge that safety h as priority over 
most things. Why then, do low-pr iority ite ms so 
o fte n lead to a n accid en t? The d esire to get a 
contract signed over at Fogville, a compulsio n to get 
home in spi te of a strange-sounding engine an d bad 
weath er , or the temptatio n to show the boss you can 
d escend lower tha n min imums and get him to that 
important meeting a re low-priority reasons for 
flying. A conscie nti9us pilo t will not permit demands 
of such mino r importa nce to compromise his basic 
desire to fly safely. 

T here is a tendency to equate the abili ty to make 
good d ecisions with some u nre lated qualities such as 
IQ . I know some very smart people who were 
involved in fly ing stupid ly, so it isn't me ntal voltage 
that determines the use of j u dgment. 

Whether we are wizards o r just ordinary folks 
tho ugh, o u r abili ty to make good decisions should 
improve with experie nce. As a young and 
inexperienced avia tor, I imp ulsively blundered into 
more th a n one h air -ra ising adventure. Now, as I 
view the sa me situa tions through bifocals under 

. thinn ing grey hair , l h ave insights that p rovide 
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barrie rs against foolish ness. I'm sure that frequent 
d oses of substantial frigh t had much to do with 
changing my attitude towards flyin g. The most 
important chan ge was my develo pment of a more 
tho u ghtful a ttitud e. 

The cool head wh o does everything righ t when the 
serpents of disaster are coiled fo r a strike h as 
probably conditioned h is decisive powers th rough a 
thoughtful atti tud e. As a flight instructor, I try to 
pass on as much of my experience as possible to m y 
students. We practise simulated emergencies that can 
be done with a reasonable m ar gin of safe ty, b ut I can 
only carry those simulations so far. Beyond that line 
of safe ty I e ncourage pilots to think a bout potential 
hazards and emergencies and t ry to visu alize what 
they would d o - the thou ghtful attitud e. Flying is a 
thinking person's game. The unimaginative pilot is 
potentially d angerou s because he can ' t visu alize the 
results of his decisions. 

U n fo rtunately, some employer s fail to u nderstand 
that a pilot needs plenty of time to th ink about 
ever ything relating to flying. T h e boss wh o expects a 
pilo t to work too much at no n-flying tasks is pouring 
sand into mental mach inery tha t sh o uld be geared 
for the realm o f fl ight. Ideally, a pilot should 
approach th e aircraft with nothing on his mind but 
getting to h is d estination safely. 

We have li ttle difficulty, in a routine e nvironmen t, 
keeping our minds worki ng as they should; we 
per form all the normal cockpit d uties with skill 
and efficiency. But when we are forced out of our 
usual pattern , we must be alert for deficiencies in 
ou r pe r formance. Let's look at an exam ple . 

Once I was asked to fly a high-ran kin g foreign air 
force official from Burba nk to Palmdale in a light 
twin-e ngine aircraft. I was told to show him extra 
courtesies a nd consideration. When I met him, he 
im media tely informed me that he was a great pilot, 
and q uestio ned my qu alifications. I assured him I 
could n ot ma tch his a bility and ch a nged the subject. 
After the run-up, I called the tower and was 'cleared 
on to hold'. As l swung o n to the ru n wa y, 
Gene ra lissimo Ego sh oved both throttles to the wall 
and d eclared , 'I fl y' . 

I subd ued my rage , forgot about the tower's 
instr uctions to h old, and tried to keep th is m aniac 
from busting the aeroplane. Wh e n we reach ed the 
inter section of the two ru nways, another aeropla ne 
flew over the top of us a nd the tower re m inded me 
that I was o nly cleared to ho ld. 

Accidents are ofte n the result of cockpit surprises 
that cause our thinkin g processes to qui t function ing. 
T hese intruders take man y form s: attitudes, 
p ressures, e mergencies, emotions - anyt hi ng that's 
no t part of the routine. 

A maj or deficiency that ofte n contributes to a ircraft 
accid en ts is failing to take enough time for complete 
pre-flight planning. A dra ma tic personal example of 
how h aste makes waste occurred at an airshow at the 
old Curtiss-Wright airport on Long Isla nd . 

O u r airshow troupe had been push ing a fron t all the 
way across the country fro m California and we had 
freque n t del ays because of weather. I was first to arrive 
- a bout 15 minutes after showtime. The promoter 
started prodd in g me to get into the air. One of my acts 
consisted of a rocket-assisted take-off. The rocket 
bottle was already fas tened to the belly of the 
450-ho rsepower Stearman and all I had to do was hook 
u p the ign ition wir e. 

With ever ything co nnected and ready, I quickly 
taxied the bipla ne to the r unway and , without a 
moment's hesitation, took off. When I fel t con trol 
effectiveness, I d eto na ted the rocket. The aeroplane 
jum ped ahead with a tremend ous sur ge and I jerked 
the Stearman into a vertical climb. Then, at about 200 
feet, the engine qu it - cold. 

T he rocket's location caused the aeroplane to arc 
towards the inverted posi tion . I shoved the stick full 
fo rward but the reaction was too power ful to 
ove.rcome. Sud den ly the aeroplane snapped into a 
wild , inve rted gyration a nd settled into the dense 
column of rocket smoke. With the nose now pointing 
towards the grou nd, the engine restarted. Using both 
rocket and reci p. power , I regained control and pulled 
the aeroplane from the dive as details on the grou nd 
r ushed sharply into focus. I fully expected to ci·ash 
and, but for the gr ace of God, I would h ave. 

The cause of this near disaster was my forgetting 
Lo turn o n m y all-auitude fuel system prior to 
take-off. When the stuntplane was pointed straight 
u p , the gravity fuel system failed and the engine 
quit. Pe rhaps readers are not as fallibl e as I am -
it's my nature to h urry. But when I 'm around a n 
aeroplane, I need the self-discipli ne to slow d own -
to protect myself from myself. 

Some p ilots seem to have an intuitive ability Lo sense 
trouble and avoid it. This intuition is probably nothing 

more than an appreciation of what's taking place 
around them. For example, while walking to the 
aer oplane on a hot day a t a remote airport, you note 
the softness of the asphalt. Not a breath of air is 
sti r ring; the pressure altitude a nd th e temperature are 
high. A look a t the performance data shows that the 
runway is just long enough. ' 

You fire up the turbines and watch the starting 
temps closely. I t takes a bi t more tha n normal power to 
taxi as the aeroplane rolls slowly on h eavy, sticky tyr es. 
The air conditioning ducts are fogging profusely and 
spitting snow. 

With everything checked, you start a tu rn o n to the 
run way and observe the windsock at the take-off end is 
hanging limp while the one at the other end is swinging 
wildly. You look at the hill about a mile off the 
departur e end of the runway and observe d ust spilling 
down the slope toward you. You shake your head and 
announce, 'We're goin g to wait a few m inutes.' 

'Wh y?' asks your co-p ilot. 
'Something tells me I should ,' you answer. 
Perha ps withou t realizing it, in a few moments you 

had evaluated many facto r·s that could not be readily 
measu red, such as pressure altitude, humidity, rolling 
friction, and wind shear. After waiting a few minutes 
both windsocks ind icate about 15 knots of wind 
blowing down the runway. Now you ta ke off safely. 

Experience and trainin g are the keys to developing 
judgment. Every mission and ever y aircraft can teach 
you something - if you remain alert e nough to see it. 
Most of us avoid certain areas of flight and ofte n we 
should do exactly that. There is a tendency, however, 
for us to establish too much o f a buffer zone between 
what we consider hazardous and sa fe . This decreases 
our proficiency for handling situations wh ich aren't 
routi ne. Training missio ns allow us LO challenge our 
abilities - to make a safe mistake - and fo rce our 
minds to work under p r essure. Getting the most out of 
a training mission builds both skill ar1d judgmenl. 

An honest self-evaluation is ve ry impor tant, but 
difficult to develop. I t's often harder to say, 'I'm not 
q u alified to fly that mission,' than to bet your life by 
ta king the flight. T he adage that there are no old, bold 
pilots is not true, because I know some; but none lack 
hum il ity. 

When the next accident occurs, the next life is lost, it 
will be one of us. We will be intercepted by some 
circumstance that short-circuits ou r wizardry and 
causes us to pe rform as fools. Eighty-five per ce nt of all 
aircraft acciden ts are caused by h uman factors. So it 
seems obvious that we are potentially defective a nd 
need as much working in our favour as possible. 

One of the reasons most of us choose to fly 
aeroplanes is because there is an elemenL or risk 
involved that challenges us. Make no mistake about it, 
despite technological innovations and beLter aircr-aft 
performance , the risk and the challenge are still wiLh 
us and wi ll continu e to be there in the future. 

About the author 
Mr Mason has a broad background of experience 
covering 44 years as a p ilot and over 29 OOO flyin g 
hours. He wor ked for Lockheed for 22 years as an 
engi neer.ing test pilot a nd was the first person to do 
acrobatics in a he licopLer. He now owns and operates 
an aerobatic flying school in Santa Paula, California, 
U.S.A. e 
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Wind shear in Australia 
by K. W. Anderson and B. A. J. Clark 
Aeronautical Research Laboratories, Department of Defence, Melbourne 

November 1978 

Wind shear as an operational problem 
Unexpected low level wind shear constitutes a 
significant hazard to aircraft d uring landing and 
Lake-off. It has been cited as a prime cause in the 
officia l repor ts of several recent aircraft accidents, and 
has a uracLed considerable attention througho ut Lhe 
avia tio n world . 

Wind shear is defined as a change in wind speed 
and/or di rectio n occurring in a rela tively sho rt 
distance. Such changes may occu r with height (vertical 
wind shear) o r lateral distance (horizontal wind shear). 
These condi tio ns cause cha nges in airspeed and flight 
pa th with occasio nally disastrous consequences. 

Whe n an a ircra ft is cruising, an y wind-ind uced 
airspeed cha nges tend to be negated after a period by a 
correspond ing aircra ft inertial speed change. That 
speed change might follow a height change and the 
drag/thrust imbalance created by the original airspeed 
change. Howeve1·, for a ircraft at low level o n approach 
to land, safety margins in height, speed a nd time a re 
relatively small. I f the wind change is rapid eno ugh to 
exceed an aircraft's acceler ation capacity, a nd is large 
e noug h lo match its airspeed marg in over the 
minim um approach speed for the given configuratio n, 
then a potential hazard exists. 

With reference to Figure 1, for an aircraft making a 
stable approach on the required glidepath , if a rapid 
red uction in head wind is encountered the n the initia l 
effects a re those o f rapid reduction of airspeed a nd 
deviation below the glid epath i.e. an undershoot 
effect. T his requires a thrust increase to regain 
airspeed a nd re turn Lo the glid epath. However, o nce 
re-stabilised with the reduced wind magnitude, the 
power setting will be less Lhan tha t originally used 
before the wind shear encounter. 

An aircraft ta king off into the sam e wind structure 
will ex perie nce a rapid increase in ai rspeed a nd 
increased climb per formance with deviatio n above the 
expected climb path. 

Conversely, if an aircraft on approach enco unters a 
rapid increase in head wind, as in Figure 2, then the 
initial effects a1·e a rapid incr ease in airspeed and 
deviation above the glidepath, i.e. a n overshoot effect, 
req ui r in g reduction o f power in order to retu r n to the 
glidepath with the appropriate airspeed . A secondary 
hazard can a rise if the a i1·craft has a high rate of 
descen t, reduced power and d ecaying airspeed whilst 
close to the g round. 

In add ition to changes of wind flow in the horizontal 
p lane, ve rtical wind flows contribute to wind shear 
e ffects; d owndrafts from thund erstorms are an 
im porta nt example of this effect. 

Accidents 
Since 1970, sever al acciden t re ports which ci ted wind 
shear or dow ndraft as causal factors have been 
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re printed in the Aviation Safety Digest. In most cases, 
nearby thunderstorms or inte nse rain cells wer e 
associated with the wind conditions. Visual d ifficulties 
(including the absence of VASI informa tio n) were 
freque ntly associated with the crash situatio n. 

In several u ndershoot acciden ts at RA NAS Nowra 
in the period 1958 to 1964, aircraft experienced a 
rapid increase in rate of descent late o n approach to 
runway 26 during westerly winds. Terrain-ind uced 
downdraft and misleadin g visual cues were identified 
as cau sal factor s. T he problem has subsequen tly been 
relieved by a lar ge earthworks programme which 
effectively extended the eastern end of the airfield 
plateau . 

Meteorological factors and terrain effects 
Several meteorological factors and the surrot,mding 
terrain can cause changes (speed and direction) in local 
winds at low level. T hese include: 
- lee effects wh ere the area in the lee of an 

obstruction con tains waves, rotors, eddies or calm 
areas; 

- contour-following effects where the wind tends 
to be deflected parallel to th e grou nd surface 
resulti ng in downd rafts and updrafts as the a ir 
flows over plateaus, r idges and gullies; 

- roughness effects where fr iction between a moving 
a ir mass and the ear th's surface reduces the rate of 
flow in the lower layers of the atmosphere. The 
thickness of the layer affected depend s u pon wind 
speed , temperature lapse rate and surface 
roughness. Th rou gh that layer, the wind d irection, 
as well as speed , will nor mally va ry wi th he ight. The 
gradient height, d efined as the height above ground 
of the top o f the friction layer , varies fro m about 
750 ft for smooth sur faces (such as open sea) to 
about 1500 ft for rough surfaces (such as large city 
centres). 
Wind shears produced by terrain usually exist for 

appreciable periods without change and are therefore 
regarded as stable. 

O ther stable wind shear situatio ns can occur whe n 
a n a rea is affected by a low level j et stream, a marked 
temperature inversion or a sea breeze established 
against a moderate p ressure gradient wind . In these 
cases, the airmass aloft can have a flow d ifferent from 
that of the lower air. 

T ra nsient wind shear situations may cha nge over 
periods as sho rt as a few seconds. They are usually 
associated with chan ging weather, especially frontal 
movement and storms. 

T he wind speed around a thunderstor m varies with 
both time and position. In the ce ntre there may be 
strong updrafts a nd downd rafts, while in the 
su rrounding air large vertical wind shears may be 
evident. A rapid increase in wind speed is 

Fig. 1. Head wind component increasing with altitude 
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characteristic of the fi rst gust of an approaching storm. 
Within about 16 km of a thunderstorm, large 
fluctuatio ns may occur in an aircraft's vertical and 
horizontal airspeed regardless of flightpath or ground 
speed. 

With a cold front, as with thunderstorms, the 
associated wind will vary with both time and position. 
The passage of the front may be considered as a wedge 
of cold a ir which is undercutting warmer air. Some 
u pwards motion of the warm air occurs before it turns 
to move horizontally away from the fron tal line. 
Sudden temperature and pressure changes can be 
expected at the commencement of the passage, and 
heavy rain is o ften present. The most extreme wind 
changes in the leading gust line occur when the front is 
fas t moving, or the temperature gradient is large. 
H azardo us wind shears can exist in the lower layers for 
up to o ne hour after the passage of the front. 

Sensors 
Ground-based systems 
Close to an aerod rome, measurement of wind aloft by 
equ ipmen t on h igh towers is not practicable, so a 
remote technique is p referred. At present, the only 
routine measu rements of conditions in the lower 
atmosphere are mad e with balloon flights, a few times 
a day at most, at major aerodromes. These 
measurements lack the time and spatial resolu tion for 
operatio nal use as a wind shear indicator. At the 
Defence Research Cen tre, Salisbury (DRCS) in South 
Australia, a n acoustic-sounding technique has bee n 
evalua ted as a means of remote wind measurement. 
Using ground-based antennae and d igital signal 
processing, the system can provide three dimensional 
wind data for the region 300-3000 ft vertically above 

path 

the antennae. Some difficulties with ambient noise 
have been experienced and alternative sensing 
techniques have been reviewed. Other studies in 
acoustic sounding are progressing at RAAF Point 
Cook and Boulder, Colorado. 

Another system of ground-based sensors has been 
used to detect gust fronts by measuring small jumps in 
temperature or pressure. 
Airborne system s 
It has been claimed that some aircraft-based sensors 
are useful in detecting wind shear. These include: (i) 
angle of attack instrumentation; (ii) the NASA total 
energy monitor system which d isplays the rate of 
change of the combined kinetic and potential energies 
of the aircraft; and (iii) the Safe Flight device which 
computes the rate of change of horizontal wind and 
the downdraft drift angle. All of these devices are aids 
to the recognition and management of a wind shear 
that the aircraft is currently encountering. They are 
not forewarn ing devices for that aircraft. 

Questionnaire detail 
Apparently, no systematic investigation had been 
made either in Australia or overseas about the wind 
shear experiences of aviation personnel. It was 
therefore expected that a ques tion naire survey 
directed at Australian pilots and air traffic controllers 
(A TCs) would yield valuable information about the 
extent of any difficulties with wind shear, and could 
also provide guidance in the development of 
techniques for combating wind shear if these proved to 
be necessary or desirable. For reasons of expedience, 
the survey was restricted to mili tary pilots and ATCs, 
civil regular public transport (RPT) pilots and DoT 
aerodrome controllers. 
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The survey was aimed at operators whose 
experience was relatively recent, and so an attempt was 
made to exclude- persons who had not been flying or 
controlling air traffic during the preceding 12 months. 
Table 1 gives the numbers of eligible persons (i.e. those 
having r ecent experience) in each group, together 
with the chosen number of persons within each group 
to whom a questionnaire was dispatched. 

Eligible Number 
population sampled 

Pilots 

Air Force 
Army 
Navy 
RPT 

Air traffic 
controllers 

6 13 
95 
65 

1960 

Air Force 233 
Army 25 
Navy 12 
Dept of 
Transport l OOO 

408 
95 
65 

196 

158 
25 
12 

76 

Table 1 

Percentage 

67 
100 
100 

10 

67 
100 
100 

8 

Where the sample size was less t han l 00 per cent, a 
technique for subject selection was required to ensure 
an even distribution of the sample throughout the 
parent group. Where possible, selection was arranged 
to give a representa tive cross section of experience. 

T he following subject areas were included in the 
survey: 
- understanding of the effects of wind shear ; 
- understariding of the various d efinitions; 
- reading in aviation journals about wind shear ; 
- cues for anticipation of wind shear ; 
- cues for recognition of effects of wind shea r; 
- approach stra tegy in various wind conditions; 
- estimation of degree, location and frequency of 

wind shear conditions; 
- susceptibility of different aircraft types to wind 

shear conditions; and 
- opinions of the content and timing of vario us 

proposed warning messages. 
Table 2 shows the numbers of q uestionnaire 

respondents in relation to the number of 
questio nnaires dispatched, for each functional group. 

Questionnaires Questionnaires 
disjJatched returned Percentage 

Pilots 

Air Force 408 271 67 
Army 95 65 68 
Navy 65 33 5 1 
RPT 196 93 47 

Air traffic 
controllers 

Air Force 156 109 70 
Army 25 17 68 
Navy 12 8 67 
Dept of 
Transport 76 56 74 

Table 2 
Most respondents appeared to react positively to the 

survey. More than half of those who answered and 
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' re turned the questionnaire wrote a para.graph or more 
in the general comments space. Most gave written replies 
where invited and many expanded on the multi-choice 
answers as well. 

Some respondents were clearly unfamiliar with 
wind shear problems. For them the survey served as an 
educational aid by implicit coverage of certain aspects, 
and as a catalyst for subsequent discu ssion with their 
colleagues. 

Questionnaire findings 
Frequency of wind problems 
When asked to estimate the frequen cy of dangerous 
conditions due to wind shear, wind gradient or downdrafts, 
respondents produced widely differing answers. Some 
respondents commented that the word dangerous was 
subject to various inter pre tations. 

Among ATCs, the controllers at Nowra (Navy), 
Perth (civil) and Jandakot (civil) selected the highest 
average freque ncies o f monthly to three monthly. The 
lowest frequencies of once in 3 to 10 years were _ 
produced by Adelaide controllers. The numbers of 
controllers at the various locatio ns are h owever too 
small for statistical reliability o n this aspect. 

Many pilot respondents made no estimation at all. 
The number of non-zero answers is given in Table 3. 
T he estimations per ta in to the number of dangerous 
situations in the flying career of each respondent. For 
comparison, the question naire also sought similar 
figures for wake turbulence problems. 

Civilian 
pilots (93) 

Military 
pilots (369) 

- Wind shear 
problem 

Take--Off Landing 

25 54 

92 189 

Table 3 

Wake turbulence 
problem 

Take-off Landing 

9 12 

100 164 

Civilian pilots were asked to estimate how often wind 
problems might cause each of them to induce a 
go-around on landing. Approximately half of the 
respondents gave a non-zero answer; this was nearly 
always less than five times per year. 

In most respondent grou ps, the number of 
individuals who estimated the wind shear problem as 
greater than the wake tur bulence problem exceeded 
those with the o pposite opinion by a lar ge ratio. In the 
case of Air Force pilots, however, this ratio was much 
smaller. Many of the respondents selecting wake 
turbulence as the greater problem made reference to 
formation fl ying. 

Approximately half of the responding pilots 
described a condition of some wind difficu lty, but 
man y of these were surface problem s (such as 
crosswinds and gustiness) or cruise problems (such as 
clear air turbulence and mountain waves at higher 
levels). 

Of 143 accounts of low level wind difficulty, 
sufficient information was given with 13 1 to allow the 
follow ing categorisatio n: 
- vertical shear of h orizontal wind 
- downdraft 
- shielding effects 
- frontal and Lhunderstorm 
- wake tur bulence 

31 reports 
47 reports 
12 reports 
15 reports 
26 reports 

I 

I 

The wake turbulence incidents seemed to be the 
most hazardo~s. 
Worst aerodrome 
When asked which Australian aerodrome had the 
greatest wind shear or downdraft problems, about half 
of the A TC r espondents named the aerodrome at 
which they were currently working. Laverton and 
'Perth were the most named by m ilitary a nd civilian 
ATCs respectively. 

Among civilian pilots, the most named aerodromes 
were Perth, Sydney and H obart. When related to 
traffic density at each location, Hobart and Perth are 
particularly prominent. Among military pilots, 
Nowra, Pearce, and Laverton were clearly identified in 
that order. 

Many respondents elaborated on the features of an 
aerodrome which they believe cause or are associated 
with wind problems. The main features nominated 
are:. 
- runway elevated above the surrounds; 
- aerodrome in the lee of mountains; 
- in rugged terrain, where short, uncontrolled and 

one-w;ry strips are used; 
- non-uniform airflow occurring over the aerodrome 

surface giving conflicting windsock information; 
- approach paths crossing water; 
- noise abatement procedures discouraging the use 

of the runway wi th the most favourable wind 
structure. 

Worst aircraft 
Pilot respondents were asked their opinions on which 
aircraft type is most affected by wind shear problems 
on approach. This seemed to be variously interpreted 
as: 

Which reacts the most? or 
In which. is recovery most difficult? or 
In which is detection most difficult? or 
Which is most critical in the landing configuration? 
Another problem in the corn parison of aircraft types 

is that cer tain career streams have only training 
a ircraft in common (e.g. among pilots with experience 
o n the Caribou, ve ry few had experience on Mirage, 
Porte r, F-11 l C or CT4A). 

After due consideration of each pilot's nomination 
in relation to his experience, the Caribou and the 
Dakota appeared to be regarded as the most affected 
fixed-wing mili tary a ircraft. 

Helicopter pilot r esponses were analysed similarly. 
Among RAAF pilots, the Iroquois was considered 
worse than the C hinook. Among Army pilots, the 
Sioux and the LOH (Bell 206) were thought worse 
than the Iroquois. Among Navy pilots, I roquois and 
Wessex were regarded as being worse than the Sea 
King. 

A rotary-wing versus fixed-wing comparison was 
asked only of pilots with adequate experience on both 
classes of aircraft. The following conclusions were 
draw n: 

Responding p ilots who were currently rotary-wing 
aircraft pilots mostly favoured the fixed-wing worse 
option. 
Responding pilots who were currently pilots of 
Caribou, Tracker, Dakota, Porter, and CT4A 
aircraft mostly favoured the fixed-wing worse option. 
Responding p ilots who were currently pilo ts of 
Hercules, Orion or Mirage aircraft mostly favoured 
the rotary-wing worse option . 

From civilian pilot respondents there was a clear 
trend for swept-wingjet transports to be most named 
as the most affected aircraft. Of these the B-727 and the 
B-707 were prominent. Qantas pilots usually named 
the B-707 from an experience profile including B-747, 
Electra, and DC-3. T AA and Ansett pilots }!Sually 
named the B-727 from profiles including the DC-9 
and F-27. Those with no B-727 experience usually 
named the DC-9, while pilots with no jet experience 
usually named the DC-3 as worse than the Electra or 
F-27. Civilian p ilots were not asked about rotary-wing 
or general aviation aircraft. 

Many respondents elaborated on the features of the 
ai rcraft which they believe are associated with the 
aircraft's susceptibility to wind shear. 

For light aircraft, wing loading and low approach 
speeds (by comparison with a given wind change) were 
often cited. For transport aircraft, momentum and 
power/mass ratios were often stated to be the major 
parameters. For jets, engine response times and the 
lack of propeller slipstream over the wing were stated 
to be important. The position on the drag curve a t 
which the aircraft operates during approach was said 
to be a factor for delta and swept-wing aircraft. 

STOL aircraft tend to operate in rugged areas with 
short runways. Consequently, steep slow approaches 
using high lift devices are used. H igh pilot workload 
associated with such operations, together with minimal 
approach speeds were cited by some respondents as 
factor s. Helicopter pilots cited operations of high 
aircraft mass for the given density altitude. The mode 
of operation (confined areas and pinnacles) was 
thought relevant here also. The requirement for a zero 
touchdown speed was also mentioned as sometimes 
important. Some cited high workload on landing in 
aircraft in which the pilot has no co-pilot or navigator 
to assist. 

Understanding of wind shear terms 
The questions at the beginning of each questionnaire 
served to establish the subject as well as to survey the 
popular understanding of some relevant terms. 

The question: What is wind shear? yielded an 
emphasis on the abrupt change of wind . . . answer 
among all groups of respondents. Some emphasised 
similarity with words like gustiness and turbulence. 

The question: What is wind gradient? yielded an 
emphasis on the progressive change in wind speed . . . 
answer among all groups. It was sometimes noted that 
the gradient wi nd was the wind interpreted from the 
pressure gradient or isobars shown on meteorological 
maps. 

The question : Which. of the following terms do you think 
is correct when the headwind decreases on descent during · 
final approach.? has the following answers which are 
correct by definition. 

Negative shear (as opposed to positive shear) i 
Headwind shear (as opposed to tailwind shear)· : 
Forward shear (as opposed to reverse shear) 
Undershoot shear (as opposed to overshoot shear) 
In the multi-choice an swers, the last of these pairs 

was offered only in the civilian ver sions of the 
questionnaire. 

For military respondents, the headwind/tailwind 
option was the most favoured and also the best 
answered as judged by the correct/incorrect ratios. 
However, more than half of the military respondents 
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se lected unfamiliar with these terms rather than either of 
those optio ns. · 

Civilian A TCs mostly preferred the positive/ 
negative shear te rms, and civilian pilots mostly 
p referred the overshoot/undershoot shear option. 
And while fewer civilian pilots selected unfamiliar with 
these terms the correct/incorrect ratios were lower than 
for military pilots. 

Unsolicited comments suggested that the 
understanding o f wind varia tion problems is related 
~eavily to .experien~e , and tha t formal training has 
included 11ttle menuon of the subject. 

Detection of wind difficulties 
A TCs were asked: What do you actually use to detect wind 
shear or wind gradient so that you can advise pilots on 
approach? Multiple selections were allowed. R eports 
from aircraft and experience with local conditions were 
most popular. Visual factors (cloud, smoke, dust, etc.) 
and meteorological cues were less frequently noted. 
Approximately 16 per cent of respondents selected 
(there is) usually not enough information to judge. Most of 
the milita ry respondents with Ground Controlled 
Approach (GCA) qualifications selected observations of 
aircraft on Precision Approach Radar (PAR) as an 
important cue. 

Experience with local conditions was the most popular 
answer by pilot groups to the question: What cues do you 
actually use to anticipate a wind sliear or wind gradient on 
final approach? Visual cues (such as smoke, cloud, trees, 
te rrain, surface texture) were the next most frequent 
reply fro m pilots of helicopters, Hercules, Caribou 
and Army aircraft. For other pilots, meteorological 
correlates (such as turbulence and thunderstorms) and 
ad vice fro m others - including ATC, Automatic 
Terminal Information Service (A T IS) and other 
a ircraft - were selected more freque ntly than visual 
cues. 

Military pilots selected visual drift observations 
more frequently than observations from aircraft 
instrume nts. T he reverse was true for civilian pilots. 

The question on aircraft response in wind shear 
(decreasing headwind) or downdraft situations 
yie lded increasing rate of descent, decreasing 
airspeed , and glideslope departures as the major cues. 
Pitch and angle of attack were each selected by less 
than 20 per cent of r esponde nts. Army pilot 
responde nts noted yaw and wing d ropping more than 
other groups, especially in wind shear as o pposed to 
downdraft. 

T o distinguish between wind shear (decreasing 
headwind) and downdraft, several pilots suggested 
that downdrafts generally ca used a quicker respo nse 
(especially in r ate of descent a nd glideslope 
departures) than win'd shears. Others suggested that it 
was difficult or unnecessary lo distinguish . 

Variatio ns in the runway picture - includ ing visual 
approach slope indicator system (V ASIS) information 
- and the rela tionship be tween airspeed and rate o f 
descent (no t consequent upon any pilot control inputs) 
were also cited as subtle cues to wind shear and 
downdraft. So me civilia n pilots of aircraft equipped 
with Do ppler or inertial navigation system (INS) 
equipment claimed to use their equipment to measure 
wind a loft (for comparison with su rface wind as 
advised ), to de tect any change in wind along the fligh t 
path as it occurs, and to distinguish between 
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downdraft and w"ind shear. This technique was less 
popular with military pilots, especially in single place 
aircraft where pilot workload wo uld preclude any 
regular monitoring. 

Approach technique for wind shear 
Pilots were asked how they would alter their approach 
speed if they knew that the win\d at 500 ft was different 
from the surface wind . Most selected no change. Some 
noted that they would not know the wind at 500 ft , at 
least not confidently. Others stated thatthere was plenty 
of time for correction below 500 f t. 

Those who said that they would alter their approach 
speed in such conditions included 60 per cent of 
Boeing pilots, and 40 per cent of pilots of propeller 
transports (including HS748, Caribou, Dakota, F-27, 
Neptune, but excluding H ercules). 

The various methods of altering the approach 
mostly involved a further margin added to the 
approach speed. These included: 
- add the shear (understood to be the wind difference 

between the ground and 500 ft); 
- add five to 10 knots; 
- u se 500 ft wind instead of surface wind in 

calculating the approach speed; and 
- aim for a minimum ground speed. 
Other changes to the flight configuration included: 
- use less or no flap; 
- fly a flatter approach path ; 
- fly with a higher power setting (to avoid j et engine 

r espo nse lag); 
- fly a d ecelerating a pproach allowing ai rspeed to 

bleed off; 
- have the navigator , first officer or co-pilot call the 

wind ever y 10 seconds (when suitable instrume nts 
are available); 

- a im for a long touchdown; and 
- be read y for a go-around. 

It should be emphasised that the various techniques 
referred to above ar e those quoted by pilots and do not 
necessarily carry any endorsement from aviation 
authorities or operators. 

For ST OL aircraft pilots, the occasion when they 
expect wind cha nges (irregular terrain, e tc.) is o ften 
just the situatio n in which they want their approach 
speeds to be minimal because of the tendency for 
runways to be sho rt at remote locations. This is in 
direct conflict with many of the above. Some pilots 
re ferred to other limits to approach speed such as 
runway surface, braking ability, landing gear and flap 
speed limits, etc. 

Several pilots, milita ry and civilian , referred to 
pressure to accept a duty runway at city airfields with a 
downwind component of up to I 0 knots. Because of 
problems related to excessive g round speed, they we re 
reluctant to add margins to their a irspeed in such 
circumstances. 

Military A T C respondents with GCA qu alifications 
were asked about altering the approach path o f an 
a ircraft in anticipa tion of a wind shear. T he majority 
gave an affirm ative answer . Deliberately bringing the 
aircraft in high o r to one side o r the early correction o f 
expected d rift were commonly quoted as strategies. 
Some o f those giving a negative answer indicated that 
they though t that a shear is never 100 per cen t 
predictable, and that an incorrect prediction called for 
d angerous corrections late in the approach . However , 

Aircraft taking off 
tends to undershoot 

Fig. 2. Head wind component decreasing with altitude 

the majority view was that a modified approach path 
helped to make precise touchdowns possible when 
wind changes along the approach pa th were expected. 

Warning messages 
For examples of typical messages curren tly given in 
Australia, bo th pilot and A TC groups cited a statement 
of existence such as:-

Caution, wind shear or 
Previous aircraft advises wind shear on approach. 

Occasionally, a qualitative state ment of degree or 
locatio n of the shear was included, e. g. 

Severe wind shear on short final. 
T he condition for the use of the warning message 

seemed to be eithe r: 
- whe n a previous aircr aft made a report; or 
- as a standard procedure when a certa in runway was 

in use, e.g. Nowr a runway 26. 
Among unsolicited comments, complaints about the 

inaccuracy of surface wind advice was the most 
. common. Pilots suggested tha t this was the result o f 
anemometer location rather than A T C's vigila nce, and 
was a problem at some airfie lds only. It was su ggested 
by some that this was a greater problem tha n the lack o f 
accurate information about wind aloft. 

In additio n, several pilots passed comments o n the 
distracting nature of additio nal information when the 
pilot is in volved in a seque nce oflanding checks as well 
as monitoring variou s instruments and possibly 
external visual cues. Unless the information is of 
considerable importance, perhaps the pilot would be 
better o ff without it, some suggested. In justifying that 
opinio n, o ne pilo t asserted that an educated guess was 
almost as good as accura te knowledge of wind because 
of the healthy margins built into the approach speeds 
o f most aircraft. 

Pilo t respondents were asked which aspects of flying 
(training, conversio n, operations etc.) would benefit 
most fro m the availability o f wind shear ad vice. Most 
responde nts selected the ope ra tional type of answers 
which would encom pass their own type of flying. T he 
only exception to this occurred with Army pilo ts, for 
whom the number o f pilots selecting the no n-
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opera tional options exceeded the number selecting 
the o peratio nal options. Explanation o f the Army 
pilots' attitude ranged from the desire to be 
independent and continue to use visual external cues 
primarily, to the expecta tion that suitable equipment 
would be located only a t major airfields, a nd therefore 
not o ften useful to them . There was also some 
suggestion from all groups that an air-transportable o r 
aircraft-mou nted device might be received more 
enthusiastically. 

The questionnaire asked about the wording of 
possible messages for pilo ts on approach . The civilia n 
version of the questionnaire contained more questions 
on this aspect tha n did the militar y ver sions. 

The simple sta te ment of wind speed at one or two 
heigh ts above terrain (as well as surface wind) was 
reaso nably popular with most groups a nd drew no 
criticisms. Qualita tive messages were not frequently 
nominated . Some pilots pointed out that what is seve re 
for one aircraft may be mild to another. 

Aircraft reactio n type messages (e.g. expect loss o f 
airspeed , o r expect increasin g rate o f descent) were 
generally not favoured over wind d escriptio n type 
messages, al though some pilots said tha t the former 
required less mental processing and might be be tter 
understood in a critical situatio n. 

Mili tar y pilots, in selecting their preferences, 
avoided the phrases headwind decreasing, and loss of 
airspeed. Indeed no indication of the direction o f the 
shear was commonly se lected , other tha n that implied 
in the wind-a t-altitude type message. Other favoured 
terms amo ng the military pilots were simila r to the 
ones in cur re nt use, i.e. exjJectwindshear, or, for a more 
detailed and quantita tive version, expect 20 knot wind 
shear at 200 ft. The latte r migh t be supplied in more 
severe conditions or on request. 

In contrast with the military pilo ts, few civilian pilot 
respondents selected a message with no clue abou t the 
direction of the shear. T he wind-at-altitude type 
message was preferred as A T IS ad vice. Boeing pilots 
and especia lly B-74 7 pilots were prominen t in this 
preference. Other than the wind -at-altitude type 
message, expect 20 knot increasing headwind below 500 ft 
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Fig. 3. Typical wind shear associated with thunderstorm. 

was the most pq pular , especially as a message from the 
tower (as o pposed to the A TIS). 

Conclusions 
Significant factors 
The analysis of the p ilot and A TC questionnaire 
replies identified several places and meteor ological 
conditions which a re commo nly associated with 
reports of wind shear conditions in Australia. For 
example, terrain-induced downd rafts at Nowra, Perth 
and Pearce, and thunderstorm situa tions at Sydney 
and Brisbane were clear trends. 

Pilots of helicopters and ligh t tran spor ts o perating 
in irregular te rrain (such as m ountainous a reas, forest 
areas, near city buildings, etc.) are often exposed to 
local wind problems induced by the te rr:ain. Shielding 
and pinnacle effects are examples. Altho ugh the 
affected areas may be o f limited vertical exten t, such 
regions can contain large wind changes and a re 
considered by these pilots to be the maj or wind shear 
problem for them. Visual cues for the landing task can 
be distorted in rugged areas (as a result of loss of 
horizon reference, irregular shape or slope of fie ld or 
str ip, etc.) so that glideslope angle estim ations are 
more d ifficult for the p ilot, even in conditions of good 
atmospheric visibili ty. Accord ingly the early 
recognition of wind shear symptoms is p robably more 
difficult in remote areas than at most regular 
aerod romes. 
Coping with wind shear 
T he questionnaire results suggest that pilots and 
ATCs have a diverse understanding of wind shear, its 
e_ffects and its jargon. The topic has, in the past, not 
been well covered in form al tr aining. Local knowledge 
has been d eveloped wh ere needed , but has not a lways 
been published in the ap propriate aerodrome guides. 

In wind shear conditions, the most useful cu es 
available to a pilot are gene rally rate of descen t, 
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airspeed, and visual estimatio ns of glidepath angle and 
rate o f cha nge of glidepath angle. 

For de tection of wind problems, ATCs usually have 
only pilot reports and experience with local weather. 
Some military aer od romes are, however, fi tted with 
PAR and after observing the flight path of several 
approaching aircraft, the GCA controller can often 
menta lly mod el the wind structure in terms of its effect 
upon aircraft, and some of them claimed lo allow for 
this in their guidance strategy. 

When data are available (e.g . reports from INS- or 
Doppler-equipped aircraft, or fro m other encounters 
with wind shear) indicating considerable di ffere nces in 
winds at vario us altitudes, there is good reason for 
advising pilots of nearby aircraft. T his will be useful in 
planning the approach strategy, especially for stable 
shear situatio ns. T he questionnaire responses indicate 
that a simple message ad visi ng the wind speed and 
direction at a h eigh t of 400 ft above ground (as well as 
al the surface) would be accepted , understood and 
inte rp reted as well as any other verbal message. 

When forewarned to expect a cha nge of wind speed 
o n approach , pilots would be be tter prepared for the 
encounter and therefore should respond more safely 
than o therwise. · 
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A pilot's views 
on kangaroos 
In.response to the article in Aviation Safety Digest 103, concerning animals on aerodromes, one of our 
readers .provided the following views: · 

' I am a private pilot with 550 hours, mostly gained 
since 1974 in operatio ns, by day and night, at private 
airstrips in the west and north-west of New South 
Wales. 

' In m y limited experience, I have concluded that 
there is no cure for the problem of kangar oos short of 
mass exterm ination which, though a desirable ideal to 
all country people, is somewhat impractical to 
im pleme nt. So, since I am unaware of any remed y to 
the proble m, it becomes a matter of prevention. 

' I t is well known tha t these useless, good-for-nothing 
bludgers (no love lost between country people and 
kangaroos) a re far more active by night than by day, 
and peak activity can be expected in the hour o r so 
e ither side of first and last light. Perhaps a lesser 
known fact, but verified by my obser vations an yway, is 
that 'roos run in pairs o r multiples of pairs - it is most 
unusual to see one run ning alone. 

'Armed with this information I restrict my 
operations as far as possible to broad daylight. This 
proced ure provides reasonable safety simply because 
the better the visibility, the earlier the warning you will 
have of any kan garoo movement. Yes , I have seen the 
flea-bitte n mongrels by day, however I have never 

been concerned by the sight of a 'roo bounding across 
the runway 100 metres ahead of me - he will be well 
clear - but it is his b····· mate bo unding along beh ind 
who is the problem. 

'Havi ng being confronted by this situation during 
both take-off and landing phases, I can make some 
comments about bush flying that may be of assistance 
to other pilots, particularly those not accustomed to it. 
• At the risk of sounding like a salesman , which I am 

not, a Cessna is the best aircraft to use and, as long as 
it is not at max. all up weight, any Cessna will do. If it 
is at max. all u p weight, make sur e it has the power 
to permit the sort of manoeuvres that are 
occasionally required - maybe a l 72XP but for 
preference , nothing less than a 180 or 182. 

• Whatever the aircraft, know it - and know it well. 
Be sure that you can operate it by feel. If you are an 
ASI-hog you will not be able to spare the time 
necessary throughout the take-off or landing to be 
watching all around for kangaroos - or other 
animals either, for that matter. Wild pigs can be a 
he~I of a problem and cattle are a straight out b····· 
nuisance. 

(continued on page 31 ) 
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Failure to recognise wind shear 
conditions 
Moments after taking off from Tucson International Airport, Arizona, USA, a Boeing 727 struck power lines 
and two 39 foot poles, the first of which was about 216 metres from the end of the runway. The aircraft was 
substantially damaged but remained airborne and the crew, after assessing the damage, landed the 
aircraft safely back at the airport. None of the 84 passengers or seven crew members was injured. 

The aircraft was operating a scheduled passenger 
service from Houston, Texas to Los Angeles, 
California, with several intermediate stops inclu.ding 
Tucson. 

Before the flight crew started the engines 
preparatory to taxiing from the terminal building at 
Tucson, the airline's station agent prepared the weight 
and balance form for the flight. The sheet was 
completed for a 15 degree flap take-off on Runway 
l lL, the active runway at the time, and was based on a 
tern perature of 35 degrees Celsius and a gross take-off 
weight of 62 580 kilograms. While parked at the 
terminal, the crew received a wind report of 210 
degrees at 18 knots, gusting to 25 knots, and the 
second officer pre pared the take-off data card for a 
departure from Runway 29 R. The computed critical 
engine failure speed, or decision speed (V1), and the 
rotation speed (VR) were both 123 knots, and the 
take-off safety speed (V2) was 138 knots. Before 
taxiing from the terminal however, Runway 21 was 
selected instead of Runway 29 R, because it was now 
the active runway and the wind velocity exceeded the 
cross-wind limits for Runway 29 R. 

After the aircraft began to taxi to Runway 21 for 
take-off, the second officer computed the weight for a 
Runway 21 departure and advised the captain, 'Well, 
we're over-grossed without wind.' He also said that a 
headwind component of 10 knots was needed to meet 
take-off weight requirements. 

During the next few minutes there were numerous 
rapid changes in wind strength and direction. The 
tower controller transmitted a series of reports in 
which the direction of the wind varied between 120 
and 240 degrees, and the strength between 13 knots 
and 40 knots, with gusts to 50 knots. The last reported 
wind - 170 degrees at 13 knots - would have 
provided a 10 knot headwind component at the start of 
the take-off roll on Runway 21. 

While the aircraft was taxiing, a dust storm passed 
over the airport and a discussion between the crew 
members about the blowing dust was recorded on the 
aircraft's cockpit voice recorder (CVR). The storm 
lasted about six minutes and, in the reduced visibility, 
the crew had difficulty following the taxi route to the 
runway. After being told by the tower to make a right 
turn on to the next taxiway, the first officer replied, 
'Okay, we got to find it first'. A few mome nts later, 
according to the CVR, the captain commented, 'This is 
just a short-lived thing, by the time we get out there, it 
will be all gone I think'. Two minutes later, the aircraft 
was finally in position and the tower cleared it for 
take-off. 

Runway 21 at Tucson is 2134 metres long; for 
landing, there is a 152 metre displaced threshold, but 
for take-off, the entire length of the runway is 
available. T he taxiway the 727 used enters the runway 
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152 metres in from the approach end at the same point 
as the displaced threshold. After taxiing on to the 
runway however, the 727 did not back-track to use the 
full length but instead, began to take off from the 
intersection of the runway and the taxiway, leaving 
an available distance of 1982 metres. 

The captain said that, for take-off, he used normal 
take-off thrust and a flap setting of 15 degrees. The 
number one engine was slow to reach take-off power 
but at 80 knots, all instrument readings were within 
take-off limits. According to the CVR, 42 seconds after 
the aircraft was cleared for take-off, the captain 
exclaimed, 'Hang on, guys' and two seconds later again 
another unidentified voice called, 'Keep it goin g'. 

Later, the captain recalled, 'As we rotated, nothing 
happened. It seemed like quite a long time before we 
were getting off the runway at all. We assumed we 
were just slightly off the runway. When I noted that we 
weren't climbing, I glanced at the airspeed again and 
noticed that we were slightly above V2 • I increased the 
pitch attitude above the normal take-off climb and 
again no ted no climb. Then I noted the airspeed 
dropping off rapidly. 1 then also observed the wires 
and that we were going to hit the wires. I decreased the 
nose attitude to the normal pitch attitude for take-off 
and applied full power'. He said that he lowered the 
nose because he was concerned with 'control' . The 
captain said he did not consider abandoning the 
take-off at any point on the take-off roll. 

The read-out from the aircraft's flight data recorder 
(FDR) showed that in the five to six seconds before the 
aircraft hit the wires, the indicated airspeed varied 
from about 145 knots to 130 knots. T he FDR showed 
that after the aircraft struck the poles it accelerated 
normally through 160 knots. Once clear of the 
obstacles, the crew checked the aircraft's flight 
characteristics and, after advising the tower they were 
returning to the airport, landed normally on Runway 
29 R. 

Parts of the two poles and the power lines were 
scattered along the flight path of the aircraft and 
pieces of the poles were embedded in the airframe. 
Both wings, the lower fuselage and the landing gear 
doors were heavily damaged. The lower surface of the 
left wing and the entire length of the leading edge 
flaps showed electrical arcing burns. The lower wing 
had been punctured in several places causin g internal 
damage and fuel leakage. The r ight wing had been 
severely dented and punctured near the leading edge 
flaps and slats while on the lower fuselage, water and 
fuel drain masts and an antenna were torn off. 

Meteorological information 
At the time of the accident, the following wind warning 
was in effect for t he Tucson area but had not been 
transmitted to the tower: 

'Scattered thunderstorms in the Tucson area may 
produce some wind gusts to about 40 to 55 mph this 
afternoon and evening along with brief blowing dust 
lowering visibilities to less than a mile. Precipitation 
will be spotty and generally light. Caution is advised 
when blowing dust is visible as wind gusts may be 
quite strong nearby.' 
This warning was issued 13 minutes before the 

Boeing 727 took off but was not received in the Tucson 
control tower until 11 minutes after the aircraft had 
departed. The weather observer explained that 
transmittal to the tower and other facilities was delayed 
because of the rush of events and other priorities. 

Later, whe n referring to the wind conditions at the 
time of take-off, the captain said that, 'Noting the 
conditions under which I was taking off, I wanted to 
use all the available runway and I made a point in my 
mind, as I was taxiing, to go over the bar which crossed 
the runway and to get as much available runway as 
possible for take-off. ' When the aircraft arrived at 
Tucson, it landed on Runway 21 but the captain did 
not recall seeing the d isplaced threshold during the 
landing. The captain said he had not been into Tucson 
Airport for about three years before the accident and 
though he and the first officer referred to the airport 
diagram in the approach char ts, they did not see the 
displaced threshold depiction. 

The captain added that before take-off, he was 
concerned about the high gusty winds and the dust 
that was blowing, and 'since I was already taxiing at 
that time, I decided to wait and see and continue 
taxiing. As the dust storm passed, I could see out my 
left window and it was clear . .. It appeared that 
ever ything was back to as before.' The captain stated 
that he did not anticipate the possibility of a wind shear 
because 'my previous experience with wind shear is 
that the winds are quite variable, as much as 180 
degrees and, as far as I am concerned at this time, the 
wind was predominantly out of the southwest .. .' 

A pilot in a runway supervisory unit at the end of 
Runway 11 L, said that shortly before the accident, the 
winds were variable from the south-west to the 
north-west at 10 to 30 knots. He added that the wind 
speed and direction differed between each end of 
Runway 11 U29 R. About the time the 727 took off, 
he noticed virga - streaks of precipitation which 
evaporate before reaching the ground - in most 
quadrants and a circular wall of dust move over the 
airport from the south-west. 

Another pilot who watched the 727 take off said that 
'as the a ircraft broke ground, it yawed abruptly to the 
right as (if) it had weather-vaned into the wind. 
Simultaneously with the weather-vaning, the aircraft 
moved laterally to its left a distance of 15 to 30 metres.' 
Two firemen observed that, when the aircraft passed 
the intersection of Runways 29/ 11 and 21/03, a 
windsock near the intersection indicated no wind. 

Flight recorder 
The FDR readout began at a point where the aircraft 
turned on to the runway to begin the take-off and 
ended when the aircraft reached an altitude of about 
4200 feet above mean sea level. The altitude and 
heading traces were stable u ntil the aircraft lifted off. 
At that time, the recorder data trace showed an eight 
degree heading change to the right. The altitude trace 
showed a slight climb after lift-off followed by a slight 

descent after impact with the wires and poles, and.then 
a normal climb profile. 

The recorded airspeed increased erratically from 
zero to 110 knots ( 13 knots below V 1) and then 
fluctuated around 11 0 knots for about 12 seconds 
before increasing. Eight seconds before the ',V1 rotate' 
call, the recorded airspeed dropped to 94 knots and at 
four seconds before V 1 it recovered to 114 knots. Four 
seconds after the 'V1 rotate' call, the airspeed reached 
about 142 knots, then began to decrease to about 130 
knots at impact. After the aircraft struck the poles, its 
airspeed increased rapidly to about 156 knots, then 
increased slowly to the highest airspeed recorded -
185 knots - during the climb-out. 

The information from the FDR was analysed to 
determine the probable winds into which the aircraft 
flew and whether the aircraft could have successfully 
cleared the poles during the take-off. 

Wind effect 
Theoretical aircraft performance was compared with 
actual aircraft performance as recorded on the FDR. 
Since all aircraft systems, including the engines and 
the flight controls, were operating properly, 
d ifferences between the actual and theoretical 
performance were assumed to reflect the effects of 
winds. 

The plot of the derived horizontal winds indicated 
that the aircraft encountered a headwind component 
of more than 40 knots at the beginning of the take-off 
roll. This headwind component decreased to 
essentially zero at a point about half-way down the 
runway. From there, the wind experienced by the 
aircraft changed to a tailwind that averaged about five 
knots until lift-off. After lift-off, the tailwind increased 
at a rate of about 4.5 knots per second to a maximum of 
about 28 knots at the first power pole. 

The FDR data indicated that just after impact with 
the pole the aircraft apparently encountered an 
abrupt shift in the wind which permitted it to assume a 
near normal acceleration schedule. 

The derived wind model contained only headwind, 
tailwind and crosswind components. Investigators 
believed that at 30 feet above ground level, vertical 
wind velocities would be negligible. The presence of 
relatively high horizontal winds supported this 
assumption. 

Take-off performance 
In order to determine whether the aircraft could have 
cleared the poles during take-off, the required rate of 
climb was calculated for two flight profiles: 
- Average rate of climb required to miss the poles 

from the point at which it was realised that obstacle 
clearance would be a problem. 

- The average rate of climb provided by sustaining 
the highest probable pitch attitude reached by the 
aircraft after lift-off. 
In the first case, it was determined that when the 

problem of obstacle clearance was recognised, the 
angle of attack could have been increased to 
temporarily establish a steeper flight path and clear 
the poles. Assuming that a decision was made by the 
pilot at a point about 216 metres from the obstacle and 
20 feet above the ground at an initial airspeed of 135 
knots indicated airspeed (KIAS), the average rate of 
climb required to clear the obstacles by 20 feet in 
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no-wind cond itio ns would have been 780 feet per 
minute. If flown in winds id entical to the de rived wind 
profile, the average rate of deceleration at 780 feet per 
minute r ate o f climb would have been about 2.2 knots 
per seco nd . Thus, the airspeed above the obstacle 
would have been abou t 128 KIAS (13 I<IAS above the 
stall warning stick-shaker activation speed) and an 
estimated p itch attitude of at least 13 degrees would 
have been required. 

In the second case, it was calculated that if the 
highest pitch a ttitude reached after lift-off had been 
sustained, the a ircraft would have cleared the obstacle. 
FDR data a nd pilot testimony indicated that pitch 
a ttitude was reduced shortly after take-off when a 
d ro p in airspeed was noted . This probably occurred 
about 15 feet above ground level. According to the 
captain , the ini tial target pitch attitude was about 11 
degrees. T he FDR data indicated that the airspeed was 
d ecreasing th rough about 138 KIAS when the pitch 
attitude was reduced. I t was determ ined that, if the 
aircraft had reached and maintained the 11 degree 
pitch attitude, it would have accelerated at an aver age 
ra te of abo ut 2.6 kno ts per second. With a tailwind 
increasing at 4.5 knots per second in accordance with 
the d erived wind profile, the airspeed would have 
bee n decreasing through abo ut 125 KIAS at the poles 
and the aircraft would have been at an a ltitude of 
abou t 70 feet above ground level. In the aircr aft 's 
take-off configuration the stick-shaker would have 
ac tivated at 115 KIAS a nd a stall wou ld have occurred 
at abou t 106 KIAS. 

Significantly, the calculations for these two cases 
assumed that the wind effect on the a ircraft, derived 
from the FDR data , did not cha nge as altitude 
increased. T here are several schools of thought 
regard ing the wind velocities a t altitude in the vicinity 
o f thunderstorms. The best evidence indicates tha t 
vertical wind speeds associa ted with thunderstorm 
down draft activi ty diminish rapidly below 300 feet and 
that the d irection of movement changes to a horizontal 
outflow. 

Because the captain began the take-off with 1982 
metres o f runway remaining rathe r than from the end 
of the 2 134 metre runway, the investigation also 
atte mpted to d etermine what effect the additional 152 
metres of runway would have had o n the ability of the 
aircraft to clear the obstacles. Since the wind model 
d erived from the FDR data reflected the total wind 
alo ng the flight profile actu ally flown by the aircraft, it 
was not possible to determine precise ly what winds the 
aircraft wou ld have e ncoun tered had it taxied to the 
end of the runway and used all the available distance 
fo r ta ke-off. 

Assuming the wind d id not change fro m the 
FDR-derived model however, a take-off begun from 
the e nd of the runway rather than fro m the d isplaced 
threshold , would have resulted in li ft-off 664 metres 
from the power lines, or 167 metres before the point 
the aircraft actually lifted off. In this case, at a n 
average ground speed o f 138 knots, the elapsed time 
from lift-off to the power lines would h ave been about 
9 .5 seconds. T he rate of climb requir ed to clear the 39 
foot poles by 35 feet would have bee n abou t 467 feet 
per minute and in the existing wind co nditions, the 
air speed would have d ecreased to abou t 12 1 knots. 

T he stopping capability of the B727 was a lso 
a nalysed to d ete rmine when the ta ke-off could have 
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been rej ected and the a ircraft sto pped on the 
rema ining runway. I n the wind conditions d erived 
fro m the FDR data, it was estimated tha t the aircraft 
cou ld have bee n stopped o n the runway if the d ecision 
to rej ect the take-off had been made with a t least 670 
metres ofrunway remaining. (No allowance was m ad e 
for reverse th rust or decision-making time). In this 
case , a decisio n to abando n the take-off a t V 1 (640 
metres remaining) could have resulted in the aircraft 
over-running the e nd of the runway. 

Take-off procedures 
For normal take-offs, the airline's Boeing 727 Fligh t 
Manual specified the following p rocedures: 

'At V R, rotate the a irplane smoothly to the take-off 
climb-out attitude of approximately 13 d egrees. The 
rate of rotation should be approximate ly two 
degrees per second. When the airplane is rotated at 
the proper rate, lift-off will nor mally occu r before 
reaching 10 d egrees of.pody angle , allowing rota tion 
to be continued until climb-out attitude is reached. 
'Excessive rates of rotation must be avoided . If the 
rate of rotation exceeds the proper ra te, it is possible 
to reach an a ttitude t_hat will cause the tail skid to 
contact the runway before the airplane can lift off. 
'The a i:plane will no rmally attain V2+ 10 assu ming 
all e ngines are operating, approximately 35 feet 
above the r unway.' 

After-take-off proced ures (climb to 1500 feet) 
specified in the manual included : 

' 1. T he airspeed indicator is primary for 
establishi ng pitch a ttitude.' 

T here was no thing in the manual wh ich provided 
for adopting differe nt procedu res if var iable or gusty 
surface winds existed or were suspected , or if low 
a ltitude turbulence or wind shear existed or was 
reported to exist. 

T he air line's wind shear training program co nsisted 
o f a slide and tape presen ta tion , a simulator program 
provid ing wind shear training with emphasis o n 
recognition for both landing and take-off, and 
class-room lectu res a nd discussions on hazardous 
weather which covered wind shear. T he program 
also included a compre hensive d iscussion of wind 
shear recognition factors associated with 
thunderstorm and cu mulo-nimbus clo uds. T he 
training records of each flight crew member showed 
they had received this train ing . 

In addition to the airline's formal wind shear 
training program the com pany pu blished 
nu merous articles on hazardous weather cond itions 
and wind shear in a fl igh t o perations publication, 
copies of which were made available to each pilot. 
Recognition factors such as virga and blowing dust 
were also contai'ned in these ar ticles. 

Shortly before the a ircraft took off, a dust storm 
several hundred feet h igh originated to the south-west 
of the airpor t and travelled rapidly across the a irport 
in a northerly direction. I t was accompanied by hig h 
surface winds, var iable in direction, with g usts up to 50 
kno ts. Based o n witnes·s obser vatio ns, recorded 
weather data and the FDR-derived wind model, the 
Safety Board concluded that this storm was the gust 
fron t of a thunderstorm or group of convective clouds 
which produced strong ver tical downdrafts and strong 
and variable horizontal winds at the surface. 

T he wind warning in effect at the time of the 
accide nt called up strong gusty winds, but neither the 
Tucson contro l tower personnel nor the flight cr ew 
received this information . According to the weather 
observer's testimon y, a 24 m inute de lay in getting the 
informatio n to the use rs was caused by the rush of 
events and o the r prior ities. Although National 
Weather Service procedures do not contai n a time 
limit for hazardo us weather dissem inatio n , the Board 
believed that such severe weather infor mation should 
be d isseminated as soon as possible after it is detecled if 
it is to be effective. T h is warning would have he lped 
alert the fligh t crew to a possible wind shear condition . 

Avoid ance of a wind shear e ncou nter depends on 
timely alerts and the flight crew's early recognition of 
p ossible wind shear condi tions. The Safety Board 
believed tha t, d espite the absence of a specilic warning, 
the captain had other clues which should have alerted 
him to the possibili ty of wind shear : 
• the tower re ported gusts u p to 50 knots abou t. two 

m inutes before the aircraft took off 
• the winds shi fted rapidly, as much as 90 degrees 
• a severe d ust storm crossed the approach end of the 

run way as the aircraft taxied to the ru nway for 
take-o ff. 
Whe n the aircraft left the terminal, the captain 

became aware ofblowingdustapproach ingthe ai rport 
from the sou th-west. Discussions recorded on the CVR 
confirmed the crew were aware of this. While taxiing 
to Runway 21 the cap tain received seve ral reports of 
h igh wind speed s and gusts. The variability of the wind 
indicated rap id movement or change, wh ich was 
further evid ence o f unstable conditions conducive to 
wind shear. 

These recognition factors should have been pan of 
the captain's kno wledge of th understorms and 
hazard ous weather phenome na. T he Safety Board 
concluded that the airline's train ing program 
provided sufficien t wind shear information to the 
captain for h is observations regarding the weather at 
Tucson to have a lerted him to the possibilities of wind 
shear. T hey sho u ld have deterred him from taking-off 
under the cond itio ns, especia lly si nce the wind factor 
was cri tical for the aircraft to remain withi n allowable 
weight lim itatio ns for take-off on Runway 2 1. 

T he wind model derived from FDR data showed 
that the aircraft ini tially encountered a strong 
headwind at the start of the take-off roll. This strong 
headwind decreased as the aircraft progressed down 
the runway u ntil relatively calm wi nd was 
e ncounte red . T his calm was followed by a rapidly 
increasing ta ilwind. As the aircraft lifted off, it 
e ncou ntered a strong crosswind from the right. Based 
on the recorded and visua l evidence, the Board 
concluded that the <;iircraft encountered severe wi nd 
shear during the take-off roll and during a critical 
p hase of the depa rture. 

The airline company's Boeing 727 take-off 
procedu res call fo r a smooth rotation to a pitch 
attitud e of a pproximately 13 degrees and specify that, 
a fter take-off, a irspeed is the primary reference for 
establish ing pi tch attitud e. In th is accident, the captain 
rotated the aircraft first to about 11 degrees and then 
increased the pitch a ttitude when he realised the 
aircraft was not climbing. When he saw the air speed 
dec;ease and saw the power lines, he lowered the nose 
aga111 . 

Aircr aft per formance analysis and other tests 
showed that the aircraft could have cleared the poles 
on take-off if the captain had concentrated on fl ight 
path control rather than airspeed loss in a take-off 
situation where a irspeed was erratic. T he FDR showed 
that the average rate of climb was 1 72 feet per minute. 
When the aircraft struck the poles its a irspeed was 
about 128 KIAS. The performance analysis showed 
that maintaining an 11 degree pitch attitude after 
lift-off wou ld resu lt in a rate ol"climb sufficient to clear 
a 39 foot obstacle, though this wou ld have required the 
pilot to allow the airspeed to decrease to about 125 
kno ts. 

While the aircraft possessed add itional aerodynamic 
potential to counter the effects of the wind shear, the 
increased potential existed in a regime of fligh t for 
which the captain had no trai ning or approved 
operating procedures. Based on the evide nce, the 
Safety Board concluded that the captain could not 
have been expected to oper ate the ai rcraft other than 
in accor dance with prescribed compan y procedures. 

Because the wind co nditions which affected the 
aircraft could be derived only from data generated 
d uri ng the take-off, the Safety Board was unable lo 
determ ine whether the captain's fai lure to use the full 
length of Runway 21 contr ibuted to the accident. A 
few minutes delay in take-off because the aircraft had 
to be taxied lo the beginning of the runway might have 
resulted in wind conditions that cou ld have been better 
or worse than those actually experienced. But even 
without considering the hazards of wind shear, the 
captain's failu re to use all the avai lable runway in a 
situation where he needed a 3.6 knot headwind 
component to avoid an overweight lake-off reduced 
the intended margin of safety. 

T he recorded CVR conversations 'hang on guys' 
and 'lost all our ai rspeed ' appear to reflecl recognition 
of unusual conditions. Wit hin about four seconds 
however , the first officer called 'V 1 rotate.' T his would 
have discouraged any thought about rejecting the 
take-off at that time even if such an idea was ever 
entertained. 

While the performance anal ysis showed that the 
aircraft cou ld have been stopped on the runway if the 
take-off had been rejected before V" in itiation of the 
take-off from the displaced th reshold rather than 
fro m the end of the runwa)' substantially red uced the 
re_cog:iition and decision time, and hence the margin 
of salety, had any attempt been made to reject the 
take-off from that point. 

Probable cause 
The National Transportation Safety Board 
determined that the probable cause of the acciden l was 
th e captain's decision to take off under evident 
hazardous wind conditions which resulted in an 
encou nte r with severe wind shear and subsequent 
c~llision with obstacles in the take-off path. T he rate of 
climb of the aircraft in these conditions when flown 
according to prescribed operating procedures was not 
sufficient to clear the obstacles. H owever, if the 
aircraft's full aerod ynamic capabili ty had been used, 
collision with obstacles probably could have been 
avoided • 

(Condensed from a report issued by the National Transportation 
Safety Board, U.S.A.) 
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MD and the weather forecast 
Murphy's Aeroplane Company is located at a private airstrip about 30 kilometres from a large regional 
town. There is a government aerodrome near the town complete with a Flight Service Unit, several aircraft 
operators and modern engineering shops; however, all the local aircraft owners know that Murphy does a 
cheap 'hundred hourly' . 
One of Murphy's cl ie nLs lived o n the far side of a hig h 
mountain range on the o pposite side o f Lown fro m 
Murphy's strip and had arranged to leave his 
aeroplane one morn ing for Lhe 'extra specia l 
servici ng'. On the way down he landed a t the main 
aerodrome and called into the FSU to collect a co py o f 
the local area forecast. After arr iving a t Murphy's, the 
clie nt explained that he was being picked up by a 
friend in another plane. T hey were going to be flying 
all day and would be ho me late, so the cl ie nt asked 
Murph y if he could have his aeroplane delivered to his 
home as it was need ed for an early sta rt the nex t 
morn ing. 

'Whoever takes iL u p can r ide one of the bikes back to 
town a nd I'll get it later', said the clie nt. 

'Okay, I' ll get one o f the boys to do tha t for you ', 
rep lied Murph y. 'How was the weather on the way 
d own ?' 

'Bit of cloud on top o f the hills, but she'll be r ight', he 
a nswered. 'See you later, Murph'. 

'Okay, mate'. T he other aircraft had arrived a nd the 
clie nt a nd his fr iend were soon on their way. 

It had been a very busy d ay at Lhe workshop - 'No 
time to repack those wheel bearings, MD,' said 
Murph y Lo the Man in Lhe Dustcoat - and iL was late 
aflernoon when Murphy told MD co return the newly 
serviced a ircraft to the ow ner's property. Not wanting 
Lo de lay the flight in case he was !ale for his usual ' few 
at Lhe local', MD did not bo Lher pho ning the FSU to 
chec k Lhe weather or give any flig h t details. T he fact 
Lhat the sky was as black as the inside o f the proverbial 
cow and the wind was blowing a near gale d id not 
wor ry him unduly. After all , iL was o n ly abo ut 20 
minu tes n ying time to the custome r's Slrip if he slipped 
overthe to p of the h ills - it added about 15 minutes to 
Lhe fl ig lH to go around Lhe range a nd MD had heard a 
few of the local p ilots tal king a bou t ' poki ng th rough 
the cloud '. All he had to d o was climb 500 feet above 
the hi lls a nd le t down a few minu tes later to save all that 
time. 

Inside the coc kpit of the a ircraft MD fo und the 
forecast which had accidenta lly been left there by the 
owne r. He was staring at it a nd scratch ing his head 
whe n a g ust o f wind blew the p iece o f paper away. 
'What the heck!', he thought, ' I cou ldn't understand it 
anyway'. Completely oblivious o f the surrounding 
weather a nd ig no r ing the rapidly decreasing light, he 
got into the cockpil and started up the engine. 

The tai lclragger was hard to taxi in Lhe strong wind 
blowing across the sLrip, but eventually it reached the 
end and MD lined it up, in a fashion. Not wishing to 
d elay a ny fu n he r, MD opened the throttle and 
almost immediately Lhe aircraft swung violently in to 
wind , ran off the strip and inlo one o f the half 44's 
that Murph y used as strip markers. T he wooden 
prop sha ttered on the drum and the engine 
vibrated to a stop. Completely bewildered as to how 
Lhis had a ll happened , MD left the cockpit and 
walked dejectedly back to the hangar. 

LaLer that night in the 'local', after Mur phy had 
clearly and lucidly told MD about the deficiencies in h is 
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ma nipulative ski lls ('You couldn 't fly a kite, let alo ne a 
pla ne'), the local police ser geant a rr ived looking rather 
pale and wor ried. He explained lhal he had bee n u p in 
the ranges helping at an aircraft accident which was 
guile a bit worse tha n MD's liu le escapade, and that the 
investigators were tr ying to work outjust wh y 
Murphy's client a nd his com panion had flown up one 
or the blind valleys in cloud and straight in to a 
mo untainsid e. 

Murphy and MD looked at each other and both 
thoug h t Lhat perhaps the broken prop had been a 
god send ah er a ll. 

You may think the preced ing story is a bit far-fetched 
bu t it reflects the details held in too many accident 
records. In the years 1970- 1977 inclusive, the 
following Australia n accident sLatistics were recorded: 
Total accidents (powered aircra ft) 1687 
Total fa tal accidenls 139 
Total fa talities 346 
Fata l accidents with weather recorded as a factor 29 
Fatalities in weather-rela ted accidents 98 

T he 29 weather-related accid ents being considered 
occurred during the climb, cru ise and descent p hases 
a nd exclude take-off or landing accidents. Closer 
study or the records reveals Lhe fo llowing: 
T·ype of accident 
Con trolled flighL into ground/water 
Unco ntrolled fl igh L into ground/water 
Collisions with trees 
Miscellaneous 
Phase of operation 
Norm al cruise 
Uncon trolled descent 
O n approach 
Kind of flying 

13 
8 
3 
5 

16 
7 
6 

Non-commercial p leasure 23 
Charter - passenger operations 3 
Miscella neous 3 

In more than 75 per ce nt o f the fatal weather-related 
accidents a forecast was obtained and was substantia lly 
correct. 

T hese statistics relate only to fatal accide nts; 
however, there have bee n dozens, even hund reds o f 
occurrences over the years where piloLs became 
involved unha ppily with Mother Nature. 

In many Digests we have cited fata l accidents where 
the pilots were not under any pressure to u ndertake 
the flight a nd where there was vir tua lly unlimited 
evide nce available to them that a successfu l VFR fl ight 
was hig hly unlikely. For some undetermined reason 
they decided to ' have a go'. 

It is obvious that some pilo ts do not und erstand the 
weather and cannot re late forecasts to their planned 
fl ight. To tr y and a lleviate some of this problem, a 
series of a rticles o n 'meteorology and the pilot' is being 
prepared fo r inclusion in futu re Digests. Meanwhile, 
readers are ad vised to study the I 977 ed ition of the 
Man ual of Meteorology, Part 2, A via Lion Meteorology. 
T his book is avai lable from your nearest AGPS 
bookshop• 

" ---------- .... 



Induction icing 
~very yea~ t_he accident and incident records contain a significant number of occurrences in which 
induction 1cm~ was considered t~ be the probable cause of an engine power loss. Although this 
~henomenon 1s ~Y no '!'eans restricted to the approaching colder months of the year, it is an opportune 
t1"!"e to ~~ce agam revise our knowledge of the circumstances leading to induction icing. To assist with 
this rev1s1on we reprint the text of an advisory circular produced by the U.S. Federal Aviation 
Administration. 

Kinds of induction ice 
It is important for a p ilot to know the kinds of 
inductio n system icing and the manner in which each is 
form ed . T he three kinds of icing are kno wn as impact 
ice , fuel ice and throttle ice. 

Impact ice 
I ~n pact ice is formed by the striking of moisture-laden 
~1r at t~mperatures below freezing o n e lements of the 
mducuo n system which are at temperatures of zero 
d egrees Celsius or below. Under these cond itio ns ice 
may build up on such components as the air sco~ps, 
heat or a lternate air valves, intake screens and 
protrusio ns in the carburettor. Pilo ts sho uld be 
particul~rly alert for such icing when flying in snow, 
sleet, ram, o r clouds, especially when they see ice 
f~rming o n the .windshield or leading edge o f the 
w111 gs. The a mbie nt te mperature a t wh ich impact ice 
can be expected to build most rapidly is about minus 
fi ve d egrees Celsius when the supercoo led moisture in 
the a ir is still in a semi-liquid state. This type of icin g 
affects an e ngine with fuel injection, as well as 
carbure ttor engines. 

Fue l ice 
Fuel ice forms a t and downstream fro m the point 
where fu el is mixed with the incoming a ir, if the 
e ntrained mo isture in the air reaches a freezing 
tem perature as the resul t o f the cooling o f the mixture 
by the vapo risatio n of the fuel. Moisture may then be 
precipi ta ted fro m the incoming air and deposited o n 
the walls of the induction passages as condensation. 
Whe n the te mperature is sufficiently reduced, this 
conde nsa tion accumulates as ice , especially on 
irregula rities of the induction system, such as elbows 
and j oints. I f th is bui ld-up is allowed to co ntinue, the 
ice may build up unti l it effectively th rottles the en g·ine. 
Visible moisture in the a ir is not necessary for fu el 
icii:g, sometimes i:r1aking it difficult for the pi lot to 
be lieve, unless he 1s fu lly aware of the fuel icing effect. 

Fuel icing is no~ a problem in .systems which inject 
the fu el at a locauo n beyond which the passages are 
kept warm by engine heat. T hus, the injection of fuel 
directly into each cylinder, 01· into a ir heated by a 
~~percharger, will probably preclude such icing. Fuel 
1c111!? may occur a t tempera~ures from zero degrees to 
as hig h as 40 degrees Celsius, and wit h a relative 
humidity of 50 per cent or above. 

Throttle ice 
T hrottle ice is formed at or near a partia lly closed 
throttle, typ ical o fa cruising power setting. This occurs 
when water vapour in the air condenses and freezes 
because o f the cooling caused by the expansion of the 
mixture as it passes downstream from the restriction 
caused by the throttle and the carburettor ventu ri. In 
conventional float-type carburettors, throttle icing 
u sually occurs in combination with fuel icing, which 
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compou nds the rate o f ice accretion with in and 
immediately downstream from the ca rbure ttor. 

Intake ice formation and prevention 
Any one or a combinatio n o f the th ree kind s of 
induction icing described above can cause a serious loss 
of power by restricting the flow of the fuel/air m ixture 
to the e ngine and by inte r ference with the p roper 
fuel/air ratio. I t is usually p referable to use carburetto r 
heat or alterna te air as an ice p revention means, rather 
than as a d e-icer, because fast-form ing ice which is not 
immedia tely recognized by the pilot may significa ntly 
lower the amoun t of heat avai lable from the 
carburettor heating system. Add itionally, to prevent 
power loss from im pact ice, it may be necessary to turn 
to carbure ttor heat or alternate a ir before the selector 
valve is frozen fast by the accu mulation o r ice arou nd 
it. Whe n icing conditions are present, it is wise to g-uard 
again st a serious build-u p before de-icing capability is 
lost. The use of partial heat for ice preve ntio n without 
some instrumentation to gauge its effect may be worse 
tha n none at all u nd er the circumstances. Induction 
icin g is unlikely un der extremely cold conditions, 
because the relative h umid ity is usually low in cold air, 
a nd because such moisture as is present usually 
co nsists of ice crysta ls which pass through the system 
harmlessly. T he use of partia l hear when the 
temperature is below zero degrees Celsius may, for 
example, ra ise the mixtu1·e temperatu re up to the 
d anger range, whereas fu ll carburettor heat would 
bring it well above any d anger o r icing. 

Excessive use of carburettor heat 
Whe n no carburetto r air or m ixture temperature 
instrument~tion is available, the ge neral practice with 
smaller engmes sho uld be to use fu ll heat whenever 
car~urettor heat is applied . With h igher output 
engn~es! howev~r, especia lly those with su perchargers, 
d1scnm111at10n 111 the use of heat sho uld be exercised 
because of the possible engine overheati ng and 
detonatio n hazard involved. A pilot o f an aircraft 
equipped with a carburettor a ir or mixtu re 
temperature gauge sho uld make it a practice to 
regulate his carburetto r heat by reference to th is 
indicator. In any aircr aft, the excessive use of heat for 
full power operations, such as take-offs or emergency 
go-arounds, may .result in a serio us reduction in the 
power developed , as well as the hazard o f en gine 
damage. It sho uld be noted that carburettor heat is 
rarely needed fo r brie f h igh power operatio ns. 

Indications of induction icing 
The .rossibility of induction icing shou ld always be 
considered when the temperature is between ze ro and 
plus 20 degrees Celsius, with a re lative humidity 
greater than 50 per cent, or when the tem pera tu re is 
below freezing with visible moisture in the air. The 

FUEL 

THROT T LE 
BUTTERFLY 

effect of induction icing is a gradual, progressive 
decline in the power delivered by the engine. With a 
fi xed pitch p ropeller th is is evidenced by a loss in 
engi ne rpm and a loss of altitude or airspeed unless 
the th rottle is slowly advanced . With a constant speed 
propeller , t here will normally be no change in rpm 
but the same d ecrease in aircraft performance will 
occur. With a ma nifold pressure gauge, a decrease in 
manifold pressure will be noted before an y significant 
decrease in engine rpm or aircraft performance. With 
an exhaust gas temperature indicator, a decrease in 
exhaust gas temperature will occur before any 
noticeable decrease in engine and aircraft 
performance. If these indications are not noted by the 
pilot and no corrective action is taken, the decline in 
engine power will p robably continue progressively 
until it becomes necessary to retrim to maintain 
altitude; and engine roughness will occur probably 
fo llowed by backfiring. Beyond this stage, insufficient 
power may be available to maintain flight; and 
com plete sto ppage may occur, especially ifthe throttle 
is moved abruptly. 

Preventive actions 
T o preven t accid ents resu lting from intake icing, the 
pilot should regularly use car burettor heat under 
conditio ns known to be conducive to icing and be alert 
at a ll times for ind ications of icing in the induction 
system. The follow ing precautions and procedures will 
tend to redu ce the likelihood of intake icing problems: 
- Pe riodically check the carburettor heat systems and 

controls for proper condition and operation. 
- Star t the e ngine with the carburettor heat control in 

the COLD posi tion to avoid possible damage to the 
system a nd a fire hazard because or a backfire while 
star ting. 

- As a pre-flight item , check the carburettor heat 
effectiveness by noting the power drop (when heat 
is app lied ) on run-up. 

- When the re lative h umidity is above 50 per cent and 
the temperatu re is below 20 degrees Celsius, apply 
carburettor heat briefly immediately before 
take-off to r emove any ice wh ich may have been 
accum ulated durin g taxi a nd run-up. Generally, 
the use of carburettor heat for taxiing is not 

recommended because of possible ingestion of 
foreign matter with the unfiltered air admitted with 
the control in the HOT or ALTERNATE AIR 
position . 

- Conduct take-off without carburettor heat, un less 
extreme intake icing conditions are pre~ent. 

- Remain alert for indications of induction system 
icing during take-off and climb-out, especially 
when the 1·elative humidity is above 50 per cent, or 
when visible moisture is present in the atmosphere. 

- With instrumentation such as carburettor or 
mixture temperature gauges, partial heat should be 
used to keep the intake temperature in a safe range. 
Without such instrumentation, full heat shou ld be 
used intermittently as considered necessar y. 

- If indu ction system ice is suspected of causing a 
power loss, apply full heat or alternate air. Do not 
disturb the throttle until improvement is noted. 
Expect a further powe1· loss momentarily and then a 
r ise in power as the ice is melted. 

- If the ice persists after a period with full heat, 
gradually advance the throttle to full power and 
climb at the maximum rate available to produce as 
much heat as possible. Leaning with the mixture 
control will generally increase the heat but should 
be used with caution as it may stop the engine under 
circumstances in which a re-start is impossible. 

- Avoid clouds as much as possible. 

- As a last resort, a severely iced engine may 
sometimes be relieved by inducing backfiring with 
the mi.xture control. This is a critical procedure at 
best, should not be attempted with superchar ged 
engines, and must be done with the carbur ettor heat 
control in the COLD position. 

- Heat should be applied for a short time to warm the 
induction system before beginning a prolonged 
descent with the engine throttled and left on during 
the descent. The pilot should be prepared to tu rn 
the heat off after power is regained to resume level 
flight or initiate a go-around from an abandoned 
approach. 

- T he pilot should remember that intake icing is 
possible with temperatures as high as 40 degrees 
Celsius and the humidity as low as 50 per ce nt. It is 
most likely, however, with temperatures below 20 
degr ees Celsius and the relative hu midity above 80 
per cent. The likelihood of icing increases as the 
temperature decreases (down to zero degrees 
Celsius) and as the re lative humidity increases. 

The effects and recommendations described in this 
circular are general in nature and appropriate to 
most certificated aircraft. The pilot should refer to 
all available operating instructions and placards 
pertaining to his aircraft to determine whether any 
special considerations or procedures apply to its 
operation. 

Having discussed the formation of the various kinds 
of induction icing, let u s now look at an unusual 
aspect of one particular kind of icing. 

T he U.S. National T ransportation Safety Boar d 
recently investigated the crash of an Aero Commander 
560E which had been flying at 11 OOO feet when the 
pilot reported he could no longer maintain altitud e 
because of a power loss from both engines. The 
aircraft was subsequently being radar vectored to a 
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nearby aerodro m·e when it crashed into a residential 
a rea. The first people to arrive at the accident site 
noticed that both ram air tubes and the carburettor 
mixing cha mbe rs were packed with ice. 

This aircra ft was fitted with injection-type, single 
barre l, low pressure carbu rettors in wh ich the fuel is 
introduced d ownstream from the throttle and beyo nd 
the venturi cha mber. This design feature virtually 
e liminates fuel (vapour) ice and reduces the hazard of 
throttle ice in the induction system. The third kind of 
icing- im pact ice - still p resents a problem and may 
for m in the carbure ttor a ir inlet ducts, the scree n, the 
elbow, the metering e le ments and the hea t valve. 

Because o f the favourable characte ristics of aircra ft 
fitted with this ty pe of ind uctio n system , pilots may not 
recognise that impact ice still poses a potentia l hazard 
for their aircra ft. Undue delay in selecting alternate a ir 
in some icin g conditions may result in an ice 
accu m ulation which immobilises the heat valves. Once 

Rudder pedals 

th is has happened , the pilot may be powe rless to 
counter fu rther ice build-up and the engines may 
subseq uently lose all power. 

Throughout this article reference has been made to 
induction icing, not the more common terminology 
of carburettor icing. The reason for this is to dispel 
the misbelief that fuel-injected engines are not 
susceptible to the formation of induction icing. 
Although the development of injection-type 
carburettored engines and fuel-injected engines has 
greatly re lieved the problem it still exists, 
particularly in conditions of visible precipitation. 

You are strongly advised to carefully study the 
Owner' s Handbook or Pilot's Manual for the aircraft 
you fly. Be sure that you know the type of induction 
system fitted to the aircraft and the correct means 
available for preventing or overcoming the problem 
of induction icing • 

The following two accounts show how the links In the chain of events which can lead to an accident are so 
easily formed . 

In the first o f these, a contr ibution from a reader , one 
of the lin ks in the chain fortun ate ly did not develo p: 

' I am the Chief Flying Instructor o f a flying school 
and have nearly 10 OOO hours piloting experience with 
a bo u t 6000 instructional ho urs, mostly on 
single-engine aircraft. In the last 12 mo nths I have 
received ap proval to cond uct twin-engine 
e ndorseme nt training, including the certification of 
initial endorseme nts. 

'My normal procedu re during pre-take-off checks is 
to read the check list while the trainee com pletes the 
checks and responds. On completion of the checklist 
the trainee provid es a take-off briefin g including 
re fere nce to e merge ncy d rills. Finally we d ecide who 
will control the aircraft in the event of an actual engine 
failu re; this is no rmally myself. 

'On one particular flight, in a Beech B55 Baron, the 
normal p rocedures were conducted and the ta ke-o ff 
comple ted withou t incident. After reaching the 
tra in ing area, I took over control o f the a ircraft from 
the tra inee to demonstrate a procedure and was 
su r prised to find that my right rudd er pedal was still 
stowed against the floor. 

'Needless to say, had the left engine fai led on 
ta ke-off, and the tra inee re linquished control to me as 
we had briefed , an accident would have probably been 
unavoidable. The only explanation I can offer is that I 
simply had not thought about checking my rudder 
pedals for o pera tion pr ior to ta ke-o ff.' 

T he message in this occurrence is that in a two pilot 
o pera tion , both p ilots sho uld ensure fu ll and free 
mo ve ment of the controls before take-off. In this way 
the formatio n of another link in that inevitable chain 
can be averted. 
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In the second instance, the aircraft involved, a Piper 
Pawnee modified for side by side seating with dual 
controls, was being fe rried to an agricultural airstrip. 
The pilot, who was flying alone, planned to inspect the 
strip from the a ir before land in g and , about a 
kilo metre fro m his destination, he began a gentle righ t 
turn to line up for his inspectio n run. At that stage, the 
aircraft was fl ying at about 200 feet AGL and 85 knots, 
with the engine set at cruise power. 

As soon as the p ilot went to turn r ight, the 
aircraft yawed to the left. In an effort to cou nteract 
the turn, the pilot a pplied more r igh t aileron and 
right rudder, but this only caused the flat turn to 
tig hten. Skidding left th rough abou t 120 degrees, 
the a ircraft lost height unti l, at abo ut l 00 feet, it 
began to bu ffet, the nose dropped a nd the aircraft 
descend ed rapidly with the wings level until it 
struck the ground. The landing gear collapsed and, 
as the aircraft skidded along the ground , it rotated 
even further to the left. The pilot escaped with 
mino r cuts and bruises. 
T he a ircraft was a special dual-training version of the 
Pawnee with rathe r restricted sid e by side seating. I t 
was equipped with two sets of rudd er pedals bu t 
measurements showed that the d ista nce between the 
cen tres of the left and righ t pedals on the left set o f 
controls was o nly 28 centimetres, while in the normal 
Pawnee, with o nly o ne set of controls, this d istance is 
49 .5 centimetres. T he space between the two sets of 
ped als in the two-seat aircraft, edge to edge, was o nly 
three centimetres. T here were no obstructions 
between those sets. 

Altho ugh the pilot had flown about l 400 ho urs in 
the normal, single-control Pawnee in the two years 

. 
~:fore the acciden t, ?e had flown only eight hours in 

e du~-~ontrol version over the same period He did 
not pos1t1vely recall having shifted his feet off th 
rud_der pe_d~ls in fl ight and then shuffled them b:ck 
agam but It is possible that, had he done so, his ri ht 
foo t could_ well have taken up a more natural osirfon 
on the a?Jacen t left pedal of the right side s~t 

• .a 

loss of control which led to this accident d . . f 

hT he pil.?t remen:bered that on an earlier occ~sion 
w. en .taxung the aircraft, he had momentaril lost ' 
d1re~t1onal con trol and he concluded at the ti~e he 
ha~ ilnad verten tly placed his right foot on the wrong 
pe a . In the a bsence of any other explanation for the 

(continued from page 21) 

• Act as soon as you see the fi rst ' roo Th cl .. 
b . . . · e ec1s10n 

m ust e pos1t1ve and immediate you ma h 
tim t b . - y not ave 

e_ o act y the time you see the second one 
During the landing phase the de . . . . b . . CISIOn IS easy -
a ort. If the s1tuat1on occurs d u ring take-off yo 
can o~ly d o what seems best at the time. In my' ow~ 
expe~1ence, I have been surprised atju st how well 
m~ aircraft per forms with full power, high nose 
a.ttitude and ver y low speed . Bu t no two 
c~rcumstances a re ever the same so I must repeat 
t at Y?u ca n o nly do what seems best at th e time. 
Kn.owm g your aircraft will be of invaluable 
assistance . 

. 'So tha t is my two cents worth - it b ·1 d 
airma nshi I b o1 s own to 
ab M p suppose, ecause that is what safety is all 

ou t. y own rules for prevention? 
: ~on_'~ oh erate . in known 'roo territory at night. 
• voi t e periods of peak activity. 

O n approach try to match a slightly nosedown 

h ' · . ,an mv1ewo 
his previous experien~e, the pilot thought it likely he 

ad done the same thmg on this occasion. 
Dual rudder control installations of this type are not 

~ommo.n, and obviously, in such a confined cock it it 
is ve.ry impor~ant that contro ls be protected as fa; as 
~oss1ble from mterference and inadverten t operation 

s a result o~ the a~cident to the Pawnee, the . 
Depa.rtn:ent is considering the desirability and 
pr~ct1ca~1ty of some form of shielding or other means 
~f l~olatmg the two sets of rudder pedals in this and 
similarly modified aircraft e 

at~itu~e with .the slowest possible forward speed as 
this -:v 1~ l provide a good field of vision while also 
p rov1dmg a. safer starting point to initiate a 
go-around 1f necessary. 

• Act imme?iately ~pan sighti ng a kangaroo for your 
b~st margm of safety. During your take-off run, this 
m.ay be yo~r only chance to safely abort the take-off. 

• If you dec1~e. that a safe landing is possible, aim for 
the very m1111mum of ground roll that will not 
destroy the brakes. 

• And remember, it is not the first 'roo that will hurt 
, _rou, but the others following it. 
Fm ally a word of cau tion : on your fi rst few 
enco?nte~s it w~ll be difficult not to over-react to 
the s1tuah? n. Bitter experience has shown me that 
over-reaction can magnify this, or any situation 
?ut of a ll proportion. So the message here is - if 
m doubt - don 't d o it!' e 

Avi~tion Safety Digest 106 I 31 

I 
I 

I 
I 

1' 

I 
I 


