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At 0145 hours EST a Piper Navajo Chieftain struck the ground about two kilometres to the north-east 
of Melbourne Airport while attempting to return for an emergency landing. The aircraft was destroyed 
by impact and subsequent fire and the pilot, the only person on board, was fatally injured. 

The aircraft was based at Moorabbin Airport and, 
late in the afternoon, it was refuelled and a 
pre-flighL inspection was carried ou t. The pilot 
ferried it to Melbourne Airport just after mid nigh t. 
While he was preparing and submiuing a flighL 
plan to Canberra and return , the aircraft was 
loaded with newspapers and a small quantity of 
other freigh t. On re turni ng Lo the aircrafl, Lhe p iloL 
checked Lhe loading documents a nd the freigh t and 
made a walk-around inspection of the exterior of 
the aircrafL. 

The pilot started the engines and establishec~ 
radio communication with Air T raffic Control at 
0139 hours. He was given a taxi clearance and an 
airways clearance fo1· departu re from ru nway 34. 
Upon request, he was granted approval to 
commence take-off from the taxiway']' intersecLi on , 
some 800 metres from Lhe southern end of the 
runway. He reported 'ready' at 0 143 hours and was 
imm ediately given a clearance to take-off. T he 
aircrafL took off and, when it was at a height of 100 
to 200 feet above the intersection of the depar ture 
runway and runway 09/ 27, Lhe piloL advised ' ... 
got a fire - fire in the - ah - starboard engine 
a nd - ah - doing a low circuit request two seven'. 
ATC immediaLely replied' . .. make visual 
approach runway two seven clear to land'. 
Acknowledgement of this clearance was the last 
communication received fro m the aircrafL. 

As it passed over the northern end of runway 34 
the aircraft commenced a tu rn to the right and 
gradually descended. It struck the ground in a righ t 
wing down attitude on a track of 070 degrees 
magne Lic and an intense fire broke oul. T he 
accident site was 1.8 km to the north-east of ru nway 
34 and 88 feet above the elevation of the north ern 
end of that runway. 

AL the time of the accident Lhe surface wind was 
330 degrees at nine knots, the visibility was 25 km 
in passing showers, there were th ree oktas of stratu s 

cloud, base 1800 feet, and six oktas of cumulus 
cloud, base 3500 feet. It is probable that below 1 OOO 
feet there was some wind shear, downdra ughts 
from passing showers and intermittent moderate 
tu rbulence. 

I t has been calculated that the gross weigh t of the 
aircraft was 65 kilograms in excess of the maximu m 
take-off weight and the centre of gravity was within 
limits. 

A detailed examination of the wreckage of the 
aircraft revealed that the landing gear and flaps 
were fully retracLed, Lhe cowl flaps of both engines 
were midway between the open and closed 
positions, a considerable degree of nose-left rudder 
trim was selected, Lhe right engine was closed d own 
and the propeller feathered. 

I t was established that, as a resulL of excessively 
lean mixture operaLion, there was a hole burned 
through the piston r ings a nd into Lhe side of the 
no. 2 piston of the righ t engine. There was no 
evidence of fire within the engine compartmen t but 
it was apparent that the hole in the piston had 
resulted in pressurisation of Lhe crankcase cavity, 
ejection of the oil dipstick, and the consequenL 
venting of oil from the d ipstick orifice and the 
engine breather pipe on to the exterior of the 
exha ust pipes. The engine had the capaciLy to 
continue to produce a substantial amount of power 
for a limited period . 

The turbo-charger density controller of the left 
engine was found to be incorreclly adjusted to the 
exLent that the engine could develop only about 330 
BHP instead of 350 BHP which was its normal 
capabili ty. 

T he probable cause of the accident was that, 
believing there was a fire in the right engine 
compartment, the pilot closed th e engine down in 
circumstances where the single-engine performance 
capabili ty o f the aircraft proved to be insufficient to 
sustain continued flight. 
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This accident involved a modern, relatively 
sophisticated light twin which was unable to 
continue flying following an engine shutdown 
shortly after take-off. Why? 

The arLide 'One down and one to go' in Aviation 
Safety Digest 105 dealL in d elail wiLh Lhe 
requirements for light twins and the factors which 
affect the ir single-engine performance. Let us now 
consider those factors in relation to this accident. 

At the outset it is important to remind ourselves 
thaL the performance requirements for ligh t twins 
call for demonstration of engine-out performance 
o nly in Lhe en route configuration. Take-off, 
approach and landing are not considered. 

The Australian one-engine-inoperative climb 
requirement for light twins engaged in IFR 
operations is the achievement of a single-engine 
climb gradient of 0.5 per cent under the following 
conditions: 
• Alti tude 5000 feet AMSL 
• TemperaLure + 15 degrees Celsius (ISA + 10) 
• Propeller of inoperative engine feathered 
• Landing gear and flaps re tracted 
• Ma~imum continuous power from the operating 

engme 
• Maximum Lake-off weight. 

In establishing the required cerLificalion 
performance it is permissible Lo fl y wi th up to five 
degrees of bank towards the operating engine. 

For the Piper Navajo Chieftain the 0 .5 per cent 
climb gradient at besl rate of climb speed under the 
above conditions is equivalent to a rale of climb of 
aboul 55 feet pe r minute . 

In the performance section of the piloL's 
operating handbook for the Chieftain there is a 
chart which gives single-engine rales or climb for 
varying conditions of Lemperaturc, aircraft weight 
and pressure a!Litude. The chart indicates that on 
the night of the accident, with the temperature at 
16 degrees Celsius and at an altitude of 500 feel, 
the aircraf'L should have been capable of a 
single-e ngine climb rate of 220 feet per minute, i.e. 
a two per cenl gradienl, at maximum take-off 
weight. With this anticipated rale of climb the 
aircraft should have been able to complete a safe 
return Lo the aerodrome on o ne engine. 

In the event, Lhe aircraft was unable to ach ieve 
anything like this climb performance. It is probable 
that the same could be said about many similar light 
twins of comparable age being flown under the 
same conditions. The reasons for not achieving the 
expected rate of climb could include Lhe following: 
• The pilot's reactjon and performance in the 

emergency siLuation 
• The age and condition of the airframe 
• The power available from the operative engine 
• The aircraft's flight attitude 
• The aircraft's gross weight. 

We will now discuss these factors in d etail. 

Pilot reaction and performance 
The figures given in the perfor mance charls 
p ublished by the manufacturer are based on the 
resul ts of Lest flights conducLed by a professional 
tesl pilot under conLrolled condi6ons, being 
pre-pla nned exercises specifically flown Lo 
determine single-engine performance in the en 
route configuration . Under such conditions the test 
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pilot is readil )' able to set up and maintain the 
a ircraft in th e requ ired configuration fo r the 
duration of the tesl. The res ult is, of course, the 
achievement of optimum performance f'or the 
aircraft a nd the objective is simply Lo demonstrate 
that the aircraft meets th e required level of 
performance. 

On the other hand we have a pilot faced with a 
dire emergency in a sligh tly overweighL aircraft , 
very close to the grou nd on a d ark night. H e has 
probably had li ttle pract ice in asymmetric flight at 
high gross weights a nd more than likely has never 
been faced with a siluation such as this, which 
requires him to rapidly set up the aircraft in the 
appropriate single-engine configuration and to keep 
it fl ying at its optimum performance level. 

It is quite obvious that the piloL in the emergency 
situation is unlikely to rapidly achieve and Lhen 
maintain an ai rcraft perfor mance equivalent to that 
obta ined by Lhe test pilot during the test program. 

Age and condition of the airframe 
Apart from the conditions mentioned in the last 
section as being necessar y Lo achieve the 
performance charl results, the tesLS would also have 
been flown in a new aircraft or one in excellent 
condition. CondiLion of Lhe a irframe can deteriorale 
in service and all the small dents, chipped and 
flaked paint, and misfitting doors and hatches will 
tend to reduce the aircraft performance. 

This partkular Chieftain had flown aboul 3400 
hours since new. An estimaLed degradation of 
performance for this aircraft is a reduction o f Lhe 
single-engine climb gradient by aboul l 00 feet per 
minute, which means that almost half the 
anticipated single-engine climb performance has 
been lost for this factor alone. 

Power available from the live engine 
As m entioned earlie r the o perative engine on the 
aircraft was nol d elivering its maximum rated 
power. The pilot's operating handbook fo r the 
Ch ic!'tain contains a power setting chart which 
shows the manifold air pressure (M AP) which 
should be expected for maximum ra ted power 
under varying conditions or Lemperalure an d 
altitude. The engine Lurbo-ch argers are fitted with 
densiLy controllers and the maximum MAP 
obtained will vary with ambie nt conditions . T here 
may even be small differences between individual 
engines. It is importanl for pilots to know wha t 
MAP values should be expected for maximu m rated 
power under various ambient conditions. 

T he estimated effect of the lower-than-normal 
power on the left engine in this case was a loss of 
approximately 75 feet per minute rate of climb. 

Aircraft attitude 
The single-engine climb performance charts in the 
pilot's operating handbook for the Chieftain are 
based on the aircraft being in a five dei:vee bank 
towards the operative engine and Lrackmg along a 
straight line . The reason for this is Lo reduce the 
total drag of the aircrafl. The Lurn performed by 
this aircraft, a fter the engine was shut d own and 
assuming that the pilot mainLained the .besl 
single-engine rate of climb speed , reciwres a ba nk 
angle or 15 degrees away . fn~m the live engine. 

The estimated effect of Lh1s factor was a rurther 
loss of about 40 feel per minute rate ol' climb. 

Aircraft gross weight 
The calcu la ted ta ke-oil ll'e ight of' Lhe aircraft " ·as 65 
kilograms above the maximum permissible; this 
further reduced the single-engine rate of climb br 
abou t 25 fee l per minu te. 

Net effect on performance 
Without evalua ti ng the effect of the pilcn's 
perform ance o n the climb capabiliL)' of the airc1·a['t, 
the u cl effect o f the other fou r factors mentioned 
resu ltecl in a probable reductio n of the 
singl e-e ngine rate of climb by about 240 feet per 
minute; in other "·ords the aircraft could not be 
expected to maintain heig ht, let alone climb. 

What could have been done to overcome the 
degrading effect of the above factors on the 
aircraft's single-engine climb performance? 

Regular and thorough mai11te11ance of the airframe 
will he lp to limit the poten tially critical performance 
loss resulting rrom airfram e condition . 

Power availability is also dependent upon 
main tenance , and servici ng orga nisations must 
ensure they use the correct procedures \\'hc11 
adjusting e ngines fo r maximum power outpu t. 
Pilots can confir m these settings by ensuring l hey 
k110\\· the cockpit indications to expect in the 
ambienl conditions prevailing. 

It is essential that p ilots of all ai rcraft be familiar 
with the pe rformance capability of the a ircraft they 
arc n r ing, especially when operating al or near the 
maximum pe rmissible \\'eight. Do not be lulled into 
a false sense o f security by the en route climb 
certification require menls. Following an engi ne 
fa ilure just after ta ke-oil, a light twin with the 
airc raft weight close to rhe maximum permissible 
will probably not main1 ai n height , because of the 
factors mentioned earlier. 

Lea rn to betler ap preciate the lim itations or the 
a ircraft by practising engine fa ilures al a sa fe 
heigh t, but with the aircr aft al a high gross weight 
a nd in the take-off configuration . Reduce power Lo 
the zero th rust setting a nd you may be surprised, 
indeed disappointed , but al least )'OU will be more 
aware of the capabili ties of the aircraf t and yourself. 

The qu estion or aircraft attitud e in connection 
with this particula r accicle11l can onl )' be answered 
with conside rable coujectu re regarding the pilot's 
reaction to the appa re nt engine fire and his 
kncmlcdge of th e a ircra ft's single-engine climb 
capability. 

The piston failure that occurred in the right 
engine a llowed the crankcase to pressurise and 
forced oil out of' the engine breather pipe a 11d the 
oil fi lle r access. The oil evident ly ignited when iL 
came in coutan with the hot exhaust and this 
~bviously gave the pilot th e impression or an engine 
hre. Examinat ion of the cowls fro m the righ t 
engi ne showed that there had been no engine fire 
prior to impact, but the lire referred Lo by the p ilot 
may have been local flari ng of oil droplets as they 
con tacted the hot exhaust pipes. 

There have bee n nu me rous piston fa ilures in 
ligl1L Lwim but most have occurred du ring daylight 
hours. Whe n such fa ilures have occurred pilots 
have seen oil streaming on Lo the cowls and/ or 
srnoke. Had it been night-time they might \\'ell have 

noticed an indication or fire. The pilot's operating 
handbook emergency procedures require that, in 
the event of an engine fire in flight, the engine is 
shut dcmn and secured and th e aircraft is landed at 
the nea1'CSL sui table aerodrome. The p ilot of this 
aircraft ll'as obviously following that procedure. To 
land at Lhe nearest suitable airport required only a 
gradual turn to reach runway 27 at Melbourne and 
th is 11·as the pilot's declared inLention . 

It cou ld not be established if the pilot knew the 
single-engine performance he could expect from his 
aircraft. If he believed that the figures given in the 
pilot's operating handbook were applicable, h is 
decision to shut d own the engine and Lurn towards 
the aerodrome is understandable. If he was awar e 
of the likely single-engine p erformance capability in 
the prevailing circumstances, it musl be concluded 
Lhat his concern about the apparent engine fire 
overrode that knmdedge and for this reason he 
chose to tu rn the aircrafl towards the aerodrome, 
Lhcrcby sacri ficing some of the rate of' climb. 

It becomes quite obvious that Lhe one factor 
which is most readily controllable to improve the 
single-engine performance is the aircraft's gross 
weight. Any reduction in gross weight will ach ieve a 
corresponding increase in si uglc-engi ne climb rate, 
a nd for most light twins the benefit lo be gained is 
about 15 to 20 feet per mi nute for each one per 
cent decrease in weigh t. It is clear ly importanl for 
all pilots of' light Lwins to r ecognise not only the 
serious consequences of overloading their aircraft 
b ut also the ready means which exist for enhancing 
the single-e ngine performance by a red uction in 
a ircraft weighl. 

The Australian design sta ndards have been 
cleveloped on the basis of achieving a satisfactory 
record over the complete spectrum of operations , 
but it is vital to remember that the requirements for 
single-engine performa nce in light twins relate only 
to the en route phase of flight wi th the aircraft in 
its lowesL-d rag configurat ion. Pilots must a lso 
remain aware of their own performance limitations 
in respect or their abilit y to react quickly and 
effectively in the case of an u nexpected engin e 
failure in a more critical p hase of fl igh t. II' you have 
a ny doubts as to your own or your aircraft's abili ty 
to cope with an engine failure in fl ight you should 
carerully consider the desirability of keeping the 
aircr aft weight LO a level wh ich will provide 
additiona l single-engine climb capabil ity. 

From the investigation findings we know that the 
pilot did not need lo shu t dow n the engine 
immediately. If he had reduced power on the 
suspect e ngine, the rate of oil sp illage would have 
red uced and so too would the symptoms or the 
apparen t fire. H e could have then gained sufficient 
alt itude and positioued the a irc1·a f't for a safe 
land in g before shu tting clown Lhe engine. 

Wi Lh the benefit or hi ndsight we can say that the 
accident became inevitable when the pilot sh ut 
down the engine ; however, he probably did not 
know the reasons !or th e apparent fire. It must be 
concluded that his concern about the engine fire 
was apparently rar greater than a ny concen1 abou t 
single-engi ne perform ance . ~erhaps if' he had fully 
understood this aspect, h is course o f' action wou ld 
have been different• 
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Child restraints in general aviation 
aircraft 

For some time now child restraint devices have been 
used in motor vehicles and have proved to be 
capa ble of pro tecting children in moto r collisions 
from what otherwise would have been more serious 
injury. T he use of such devices in genera l aviation 
aircraft is fully supported by the Department of 
Transport as lo ng as the means of installa tion is in 
accordance with manufacture rs' recommendations 
and the items used are of the requi red standard. 

A recent le tter from an interested pilot suggested 
that an article on this subject in the A viation Safety 
Digest would be o r use to general aviatio n pilots. 
The following extract illustrates his concern. 

' For some time I have been wanting to take my 
15-mon th-old daug hter flying, however, I am 
co ncerned abo ut her safety if she is just held by m y 
wifr. I have been considering th e use o r my 
automotive child seat which uses the existing 
lap/sash seat be lt. or course, this could o nly be used 
if the aircraft is fit ted with a similar lap/sash 
harness. 

' I fee l that there must be many other pilots 
concerned over this matter an d th at you may be 
able to investigate the positio n mo re thoroughly, 
followed by an a r ticle in the Digest'. 

The use of chi ld restraints in genera l aviation is 
not presen tly covered by any mandatory 
requireme nts. Children constilllte a small 
p roportion of those who fl y in general a viatio n 
a ircraft, and o nly small children need special 
restraints; older ones can be adeq uately p rotected 
by the use o f an adult restraint system , if necessary 
combined with the use of an app roved child seat. 

Nevertheless, adequa te child restraints in genera l 
aviation a i1·crafr would improve the safe ty of all 
occupants. They would optimise the ch ild's 
protection and the protectio n o r othe r occupants 
who mig ht, in an accident, be inj ured by a child 
throw n abou t in the cabin . 

A child restra int approved for automoti ve use is 
acceptable for use in general avia tio n ai rcraft if it is 
manu factured to comply wi th Austra lian Standard 
AS 1754 and secured to the aircraft seat or structure 
in a manner capable of resistiug the 
eme rgency-la nding inertia forces of 3g upward, 9g 
fo rward and l. 5g sideward . 

C hild restraints incl ude child seats and harnesses 
made for children. T he fo llowi ng table shows the 
type o f restrai nt most suitable fo1- you r child : 

Type of restraint Approx. age of child 

Child seat 6 momhs-4 Y2 years 

H arness 12 months- I I Yt years 

Weight of child 

9 kg (20 lb)- 19 kg (40 lb) 

9 kg (20 lb)-38 kg (80 lb) 

Restraint devices approved for auto mobile use and 
complying with AS l 754 carry a labe l d isplaying the 
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Child seat 

Child harness 

Standards Association of Australia (SAA) sy mbol 
and a re therefore read ily identifiable. A list of 
currently approved ch ild restraints is available fro m 
th e SAA Office in the capital city of your state. 

At present there is no SAA-approved child 
restraint for an infant under six months or n ine 
kilograms. If no special child restraint is avai lable, 
an adult seat belt is suitable for a child of 12 

month s or older. Researchers now agree thar it is 
safe for even a very young ch ild to wea 1- a properly 
adjusted adult sear belt. 

Notes on installation 

-It is essential that the child restraint be connected 
exactl y as shown in the manufacturer's 
instructio ns for the type of device. Buckles and 
adjusters should not be located on corners. 

- Child restrai nt systems designed to AS 1754 for 
use o n a car seat in combination with an adult 
th ree-point static harness (i.e. not fitted with an 
inertia reel retractor) can be used directly in light 
ai rcraft in co mbination with a three-poin t harness 
not fitted with an inertia reel. In such installations 
the sash of the safety harness is used to anchor 
the top of the child restraint. 

- Jn locations where the car safety harness is fitted 
with an ine rtia ree l retractor a converter buckle is 
sup plied wi th the child restraint to convert the 
lap-sash harness into a lap belt, and the upper 
attachment is p rovided by an additional strap 
connected to the rear parcel shelf. Similar 
provisio n must be made in the case of a light 
aircraft harness fit ted with an inertia reel, 
particularly in view of the fact that the aircraft 
reel has a lockin g th reshold approximately three 
times greater than that of the car retractor. 
T here fore, when the child restraint is intended 
for a light a ircraft seat equipped with a harness 
fi tted with an inertia reel , and where it is 
physically possible to make use of the provisions 
available for the same car situation, approval 
should be sought from the Department to carry 
ou t a small modi fication to the a ircraft structure 
fo r connection of the child restraint upper strap. 
T he child restraint can then be fi tted to the 
a ircraft seat in the same way as it is fitted to the 
car seat. 

- Other child restraints requiring direct attachment 

to the aircraft structure could also be installed 
provided a sui table scheme has been submitted to 
and approved by the Departmen t. 

Use of restraints 

-Child restraints a re designed to restrain 1the 
skeletal structure of the trunk. Compression of 
the abdominal area must he avoided. A harness 
should be worn across the lap and the chest. 

-Harnesses should be adjusted to fit as firmly as 
possible, consistent with comfort, to provide the 
protection for wh ich they have been designed. 
Undue slack in a harness will greatly reduce the 
protection afforded the wearer. Individual straps 
of a harness should not be left undone. 

-If it is necessary to nurse a child because there is 
no child restraint fitted to the aircraft, never 
place the seat belt around both yourself and the 
child. This could result i11 inj ury to the child as a 
result of your weight acting upon h im in an 
accident or even under tu rbulence. 

- If the webbing becomes frayed, contaminated or 
damaged, replacement should be carried out by 
the manufacturer or his agent. It is essential to 
scrap the entire child restraint after it has been 
used in a severe impact even if damage to the 
assembly is not obvious. 

-Care should be taken to avoid contamination of 
the webbing and padding with polishes, oils and 
chemicals, particularly battery acid. Cleaning may 
be carried out using mild soap and water. 

The problem of child restraints in general aviation 
aircraft is under constant review. Investigations 
carried out for automotive use continually provide 
new data applicable to most aviation situations. New 
products and corresponding standards are also 
being developed. An y significan t developments in 
these areas will be brought to your attentio n in the 
Digest• 
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Meteorology and the pilot 
Part 1 - thunderstorms 

This is the first in a series of articles which has been prepared to help you better understand the 
weather and how it will affect your operations. The series is not intended to be a basic course in 
meteorology, nor is it directed specifically to any section of the industry. Basic knowledge will be 
gained by studying the Manual of Meteorology Part 2, formerly the Aviation Supplement, and 
whatever other publications you need to pass the necessary examinations at various licence levels. 
This series is intended to supplement your basic knowledge and provide some techniques to 
minimise the pote~tial hazards of natural phenomena. 

V/c all know what thunderstorms look like a nd the 
hazards they pose to aircraft : severe turbulence, 
hail, icing a nd very hea vy rain . to name just a few. 
A thunde rstorm packs into one vicious bundle just 
about every weather hazard know n to aviation . 
Much has been written abou t the mechanics and li f"e 
cycle or thunderstorms as they have bee n stud ied 
fo r m a ny years; but while rnuch has been lea rned 
the stud ies contin ue because there is still a lot more 
to lea r11. 

Knowledge and weather r ada r have modi fied our 
attitudes towards thu nderstorms, but o ne ru le 
con tin ues to be true - a11 y thunderstorm should be 
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consider ed extremel y hazardous. A I most any 
thunderstorm can spell d isaster for the wrong 
com bina ti on of aircra l"t a11 cl p ilo t. 

T o refresh you r me rno r)', lei us recall thl" 
ncccssa1·y i11greclic11ts fo r the formation or a 
thundersto rm. and its li fe cycle. 

Ingredients 
o Unsta ble air throu gh a considerable d epth o r the 

troposphe re . 
•A lifting mechanism to trigger the instability. 
•Abundant moistu re through a considerable depth 

of the troposphe re. 

Life cycle 

Mix the ingredien ts "·ell and in no time at all 
cumulus clouds 11· ill begin to form. All 
th und erstorms sta r t life as a cumulus cloud but only 
a fe\\' cumulus clouds develop into thun<lerstorms. 
As the cloud gn >\\·s so does the updraught ll"hich 
may reach 3000 feet per minute. Active gro11·th of 
the cell to\\'ards the cu mulo-nimbus (thunderstorn1) 
stage is indicated by vigorous, clearly defi ned 
boiling at the Lop of the cloud. 

Wh en the cloud has grown fully, quite often 
beyond 35 OOO feet in mid-latitudes and over 60 OOO 
feet in the tropics, it develops its characteristic 
flattened top. Raindrops and ice crystals in the 
cloud have grown to such a size tha t they arc no 
longer supported by the u pd raught and they 
commence fall ing, evaporati ng into the clean air 
d rawn into the clo ud and thus cooling it, formi ng 
strong downdraughts in par ts of the cloud. Large 
wind shears and severe turbulence occur because of 
the updraughts and downdraughts. Precip itation, 
possibly in the form of hail, reaches the ground at 
this stage. 

As th e downdraugh t grows ver tically and 
horizontally, it even tually exten ds through most of 
the cloud . Rain gradually decr eases as no new 
condensation is taking place. T he top of the cloud 
becomes more fibrous in appearance and the 
feathered anvil continues to extend in area. Within 
a short time after the cessation of rain, the cloud 
itself brea ks up. The typical life cycle is about 60 
m inutes, though some stor ms may last several 
ho urs. 

Scientists estimate that 44 OOO thunde1·storms lash 
the earth 's sur face every day. At any given moment 
1800 of them are in action. T h understorms come in 
ma ny sizes and sha pes and are of ten called 'weather 
factories' because of the gr eat variety of extreme 
weath er condi tio ns they can produce. T hey occu r 
individually as separate, widely-spaced storms, or in 
long squ all lines along or roughly parallel Lo a 
front. 

T he most violen t th understorms draw air into 
their cloud bases with great vigour. The incoming 
air acquires a rotational component and it often 
forms an extremely concentrated vortex fro m the 
surface well into the cloud. Meteorologists have 
estima ted that wind in such a vortex can exceed 
200 knots; p ressure inside the vortex is qu ite low. 
The strong winds gather dust and debris, a nd the 
low pressure generates a funnel-shaped cloud 
extending downward from the cu mulo-nimbus base. 
If the clo ud docs not reach the su rface, it is a 
'funnel cloud'; if it touches a land surface, it is a 
'tornado'. 

T ornadoes occu r with both isolated and squall 
line thun derstorms. Repor ts or forecasts of 
tornadoes ind icate that atmospheric conditions are 
favourable for violent turbulence. An aircraft 
enterin g a tornado vortex is almost cer tain to suffer 
structural damage. Since the vortex extends well 
into the cloud , any aircraft flying in a severe 
thunderstorm could encou nter a hidden vortex. 

Summed u p, thunderstorms are m eteorological 
mo nsters and a rundamental flying rule is: stay o ut 
of them. 

SURFACE 

o RAIN 

CUMULUS 

- - - s1c0 

- --3ec0 

- ec0 

oc0 

ec0 

- - - 11c0 

CUMULO-N IMBUS 

- - - -26C0 

- - - - 19C0 

.. - ac0 

oc0 

ac0 

17C0 

DISSIPATING 
*SNOW E3 ICE CRYSTALS 
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Hazards associated with thunderstorms 

Turbulence 
Potenlially hazardous turbulence is present in all 
thunderstorms and can destroy an a ircraft. T h e 
most frequent and severe turbulence e ffects o~<;ur 
near ad jace nt updraughts and downdraughts m the 
matu1-c.storm and result from rapid encou nters 
with alternately ascending and descending ai r 
and/ or a ir ascending or descending al markedly 
different rates. 

W hile the main problem with the draugh ts is the 
large vertical disp lacements ?f the aircraft, . 
turbulence has a twofold eff eel: severe loadmgs on 
the a ircraft structure and violent changes in attitude 
which may result in ove rloading dur ing recove ry. 

Ou tside the cloud, shear Lurbulcnce has been 
encountered up Lo severa l thousand feet above 
ground as far as 30 km laterally f~·om a severe 
slorm. A low level tu rbulent area 1s the shear zone 
associated with the gust fron l. Often , a ' roll clo ud' 
on the leading edge of a sto rm marks the top of the 
eddies in this shear and it signifies an ext1·emely 
turbulent zone. Gust fron ts of ten move u p to 25 km 
ahead of associated p recipitation. The gust front 
causes a rapid and sometimes drastic change in 
surface wind ahead of an approaching storm. 

It is a lmost im possible to hold a constant altirude 
in a th understorm, and manoeuvring in an attempt 
to do so produces greatly increased stress on the 
aircraft. I t is understa ndable that the speed of the 
aircraft determines the rate of the turbulence 
encounters. Stresses are least if the aircraft is held 
in a constant attitude a nd allowed to 'ride the 

0 
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waves'. To date, we have no guaranteed way to pick 
'soft spots' in a th u nderstorm. 

Hail 
Hail competes with Lur bulcncc as the greatest 
thunderstorm hazard to aircrafr. Supercooled d rops 
above the freezing level begin Lo freeze .. Once a . 
drop has frozen , it can grow !·apid ly by 1i:npact with 
other drops which freeze on 1t, so the hailstone . 
grows - sometimes in to a huge iceball. Large 1.1ail 
occu rs with severe thunderstor ms that have buil t Lo 
great heigh ts. Eventually the hai lstones fall to the 
ground, possibly some distance ~rom the .storm 
core. Hail may be encountered 111 clear a ir several 
kilometres from dark thunderstorm clouds. 

As hailstones fall throug h ai r with a temperature 
above zero degrees Celsius, they begin t<_> mel t a~1d 
p recipitation may reach the ground as either h ail or 
rain. Rai n at the sur face d oes not mean the absence 
of hail aloft. You should expect hail with any 
th und erstorm, especially near the updraught or 
core of the cumulo-nimbus. Hailstones larger than 
one centimetre in diamerer can significantly damage 
an aircraft in a few seconds. 

Icing • 
Updraugh ts in a thunderstorm support ab_und~nl 
liqu id water and , when carried above the lreez1 ng 
level, the water becomes su percooled. When 
temperature in the upward cu rrent cools to ~b.out 
min us 15 degrees Celsius, mu ch of the remammg 
water vapour sublimates as ice crystals, and above 
this level, at lower temperatures, the amount o f 
supercooled water decreases. 

MOTION OF STORM 

~--WARM AIR INFLOW 

WARM AIR 
INFLOW 

COL O c ~ 
AIR ~"--

OUTFLOW ~ GUST FRONT 

Supc;cooled water fref'zes on impact ."'ith an 
aircraft. Clear iring can occu r a l any alt1Ludc above 
the freezi ng level; but at liigh levels , icing may b~ 
rirnc o r mixed r ime ancl clear. The abundance of 
supercooled water makes clear icingvcry rapid 
between zcrn degrees Celsius an~! mm us .15 degrees 
Celsius, and encounters can be frequent m a cluster 
of cells. Th u nderstorm icing can be extremely 
hazardous. 

Airframe icing is no t always a problc_i~1 with 
individual thunderstorms, particularly if the lateral 
extent of the storm is not great resulting in a small 
exposure time to icing conditions. I;Jowever, the 
potentia l for heavy ir ing is p resc.n t 111 each storm 
and for this rf'ason a cluster or !me of 
thu nderstorms may present seriou s airframe icing 
problems. . .. 

For pisi-on engin e aircraf"t th ~ poss1b.1hty of 
induction icing is ever prcsem in certam . . 
combinations of temp erature, relative h u m1d1ty and 
visible mois ture. En gine in take icing a nd the 
ingestio n of hail a nd water arc constant proble ms 
for turbine-powered aircraft. . 

The bcsL remed y for a ll icing is prevention . Use 
of a nti-icing ef]ui pment before entering an area of 
possible icing condi ti ons should ensu:e a sa'.~ . 
passage. If the aircraf"t is not fitt~d 1~11 th anL1-1c111g 
equipme nt, or if iL was not used 111 lime, th~ correct 
use of de-icing equ ipment, in accordance with the 
pilot's operating ha ndbook, should reduce the 
effects or th is hazard. 

Low ceiling and visibility . . 
Obviously, visibility is near zero w1t·h·111· a 
thu nderstorm cloud. Ceiling and v1s1b1hty also may 
be restricted in precipitation and dust. b~tween the 
cloud base and the ground. The resn:1~t1?.n s create 
the same problem as a ll ceiling and v1s1b1~1L y 
restrictions , but. such hazard s are greatly mcrcased 
when associated wi th the other thunderstorm 
hazards of turbulence , hail and lightning which 
make precision instrument flying virtually 
impossible. 

Effect on altimeters 
Sur face pressure usually falls rapidlr with the . 
approach of a thunderstorm, the~ n ses sharply with 
the onset or the first g ust a nd arrival o~ th_e cold 
downdraugh t a nd heavy rain showers.' falling back 
to normal as the stor m moves on. This cycle _of 
pressu re change may occur in 15 m i.nutes. If tl~e . 
pilot does not receive a corrected altimeter settmg , 
his altimeter indication may be more than 100 feet 
in error. 

Lightning . 
A ligh tning strike can puncture t~e s~m of an 
aircraf"t a nd can damage commurncations and 
electronic navigational equipment. Ligh tni ng; has 
been suspected of i gniti~1g fuel .vapours causmg 
explosion ; however, senous acodents ~ause? by 
lightning str ikes a re extremely rare._ L1gh.t111ng can 
momentarily blind the pil<:>t, re n?enng him 
temporarily unable to navigate either by . . 
instrum en ts o r by visua l reference,_ and lightrnng; 
can also induce pe rm anent errors 111 t~e magneLIC 
compass. Lightning discha~ges,. even d istant ones, 
can disrupt radio com murncations 01~ Jo,.v a nd. 
medium frequencies. Though light1~ 111g 1:itens1ty 
and freque ncy have no simple relationship to other 

storm parameters, severe storms, as a rule, have a 
high fr('quency of ligh tning. 

Weather radar 

Weather radar detects droplets or p1·ecipitation size. 
Strength or the rad ar return (echo) depends on 
drop size and number. The greater the number of 
drops, the stronger the echo; and th~ larger th~ 
drops, the stronger the ech o. Drop size detcnrnnes 
echo intensity Lo a much greater extent than do_cs 
drop n umber. Hailstones are usually cover ed with a 
film or wa te1· and , therefore, act as huge water 
droplets gi ving the strongest of all ~choes . . . 

Individual thunderstorm cells build and d1ss1patc 
rapidly. The1·efore, do nol attempt to plan a course 
between cell echoes. The best use of ground radar 
information is to isolate general areas and coverage 
of echoes. You must avoid individ ual storms from 
in-fligh t observations e ithe r by vi~ual sighting or by 
airborne radar. I t is better to avoid the whole 
thunderstorm area than to d etour around 
individual storms unless they are scattered. 

Airborne weather avoidance radar is, as its name 
implies, for avoiding seve1·e weather - . not for 
penetrating it. Whether or not yo':1 fly u.1to an a:ea 
of radar echoes depend s on echo 111Lens1ty, spacm g 
between the echoes and the capabilities of you and 
your aircraft. Remember that weather radar detects 
only precipitation drops; it does not detect . 
turbulence. Therefore, th e radar scope provides no 
assurance of avoiding turbulence. T he radar scope 
also does not provide assu rance of avoiding 
instrument weather from cloud s and fog. Your 
scope may be clear between .intense echoes; this 
clear area does not necessanly mean you can fly 
between the storms and maintain visual sighting of 
th em. 

The mosr intense echoes are extreme 
thunderstorms. Remember that while hail always 
gives a radar echo, it may fall several kilometres 
from the nearest visible cloud and haza rdous 
turbulence may extend lo as much as 30 km fro m 
the echo edge. Avoid Lhe most intense echoes by at 
least 30 km: that is, echoes should be separated by 
at least 60 km before you fl y between them. . . 

Airborne radar is a valuabl e tool. H owever , 1t is 
principall y an indicator of storm locations for 
avoidance purposes. 

Do's and don'ts of thunderstorm flying 

Above all, remember this: never regard any 
thunderstorm lightly eve n when radar obser vers 
report the echoes are of ligh t intensity. Avoiding 
thunderstorms is the best policy. Following are 
some do's and don'ts of th under storm avoidance : 
• Do plan an alternative rou te, befor·e becomi ng 

airborne, if thu nderstorms are forecast. Planning 
will be far more rational in the calm of the 
briefi ng office than in fl ight when confronted by 
the problem. Be p repared to divert before the 
thunderstorms become unavoidable. 

• Don't land or take off in the face of an 
app roaching thu nderstorm. A sudden gust fro nt 
of low level turbulence cou ld cause loss of 
control. 

• Don't attempt Lo fl y under a thund ers torm even 
if you ca n sec through to the othe r side. 
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T urbulence and wind shear under the storm 
could be d isastrous. 

• Don't fly without airbo rne rad ar into a clo ud 
mass containing scallered embedded 
thunderstorms. Scattered thunderstorms not 
embedded usually can be visually 
circumnavigated. 

• Don't trust the visual appearance as a reliable 
indicato r of turbule nce inside a thunderstorm. 

• Do avoid by at least 30 km any thunderstorm 
identified as severe or giving an intense radar 
echo. 

• Do circumnavigate the entire area if the area has 
five oktas or more thunderstorm coverage. 

• Do remember that vivid and frequent lightning 
indicates the probability of a severe 
thunderstorm. 

• Do regard as extremely hazardous any 
thunderstorm with tops 35 OOO feet or higher 
whether the top is visually sighted or determined 
by radar. 

If you cannot avoid penetrating a thunderstorm, 
following are some do's before entering the storm: 
• Tigh ten your seat belt, put on your shoulder 

harness if you have one, and secure all loose 
objects. 

• Plan and hold your heading to take you through 
the storm in a mini mum time. 

• To avoid the most critical icing, establish a 
penetration altitude below the freezing level or 
above the level o f minus 15 d egrees Celsius. 

• Verify that pitot heat is on and select carbure ttor 
heat or turbine-engine ant i-ice . Icing can be rapid 
at any a ltitude and cause almost instantaneous 
power failure and/ or loss of airspeed ind ication. 

• Configure your aircraft for turbulence 
pene tration using power settings and airspeed 

Pilot contribution 
Aviation Safety Digest I 02 conta ined an article 
entitled 'Programmed Mind' which reminded me of 
an error I once made as a result of similar 
programming. Although the incid ent occurred 
some time ago while I was a military pilot, the 
lesson learnt applies just as readily to civil aviation. 

I was to carry out an instrument training flight in 
a Doug las Skyhawk from my home base at Nowra 
to Williamtown RAAF Base. I had planned to cruise 
at Flight Level 2 10 and carry out a T ACAN 
approach at Williamtown followed by several touch
and-go landings prior to returning to Nowra . 

At Nowra, the wind was blowing quite stron gly 
from the west, as it is wont to do the greater part of 
the yea r, and the duty run way was 26. I d eparted 
Nowra, climbed to FL2 l 0 a 11d p roceeded to 
Williamtown. On first contact with Williamtown 
Approach , the controller gave me the landin g 
information, then rad ar vecto red me to the Initia l 
Approach Fix. T he Initial Approach Fix for a 
TACAN approach to e ithe r runway 12 or 30 a t 
William town was at the same position to the 
south-west o f the field , and the pilot simply turned 
left o r r igh t as appropria te and followed a DMF. a rc 
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recommended in you r a ircraf"t ma nual. 
• T urn up cockpit ligh ts to highest intensity to 

lessen tem porary blind ness from lightning. 
• ff u sin g automatic pilot, d isengage altitud e-hold 

mode and speed-hold mode. The auto matic 
altitude and speed controls will increase 
manoeuvres of the a ircraft thus increasin g the 
likel ihood o f structural stress . 

• If using airborne rada r, til t the a nten na u p a nd 
down occasionally. Thi s wi ll permit you to detect 
other thu nderstorm activity at altitudes other 
than th e one being flown. 

Following are some do's and don'Ls during the 
thu nderstorm penetra tion : 
• Do keep your eyes on your instr uments. Looking 

outside the cockpit can increase danger of 
te mporary blindness from ligh tni ng. 

• Don't change power setti ngs; maintain settings 
for the recommended tu rbulence penetration 
airspeed. 

• Do maintain a constant a ttitude; let the aircr aft 
'r ide the waves' . Manoeu vres in trying to maintain 
constan t altitude increase stress on the a ircraft. 

• Don't turn back once you a re in the 
thunderstorm. A straigh t cou rse thn m gh the 
storm most likely wil l get yo u ou t of the ha7.arcls 
in the shor test time . In addition , turn ing 
manoeuvr es increase stress on the aircraft. 

This article app lies Lo all aircraft operations. T he 
main d ifference between VFR and IFR is that the 
non-rated pilot on a VFR flight must avoid 
thunderstorms al all costs. A p roperly rated pilot of 
an !FR-equipped aircraft should only consider 
penetrating thunderstorms when alterna tive action 
is not ava ilable, and then o nly >vith ex treme cau tion 
and adequate p reparation • 

until intercepting fin a l approach to either ru nway. 
Consequently I turned r ight the n followed the a rc 
to the left until a ligned on fin al for run way 30. 

The approach controller , who had said nothing, 
handed me off to the tower, and o n contact with 
the tower I was initially bewildered when I was 
instructed to break r ight and j oin downw1nd for the 
duty run way 12. You can imagine my acute 
embarrassmen t when I realized I had made an 
approach to the reciprocal r unway, as I h ad 
programmed myself to thinking that the wind 
would be blowing from the west at Williamt.own . In 
fact it was blowing f"rom the south-east, and in what 
had been a relatively shor t trip of about 20 minutes, 
my mind did not register the fact that th e wi nd 
might be blowing fro m ano ther d irection , and I 
obvio usly did not pay much a tten tion to the la nd ing 
information. 

I offe red p roCuse apologies to the RAAF 
controllers, whom I am su re were smirking behi nd 
their microphones, cancelled any though t of touch
and-go landings and high-tailed it for Nowra. I now 
listen a ttentively to th e A T l S • 

Fuel contamination 

After landing a t a mining airstrip in Western 
Austra lia , the pilot of a Mitsubishi MU -2 arranged 
fo r the refu e ller to add th ree 200 litre drums of Jet 
A-1 fu el to the a ircra ft's tanks 

T he refu eller rolled three fuel d rums out to the 
a ircraft and stood one at each wing tip a nd the 
other near the nose. H e then unsealed th e two 
d rums a t the wing tips and pum ped their conten ts 
into each tip ta nk. Meanwhile, the pilot had been 
unloading the aircraf"t a nd when he had finished , 
he broke the seal and rem oved the bung on the 
th ird drum a nd , using a por table hand-operated 
rotary pump carried in the aircraft, pumped the 
conte nts into the cen tre ta nk . About 20 m inutes 
afte r the re fuell ing operat ion had been completed, 
the p ilot too k an opaque plastic coffee cup and 
d rained from each wing tip fu el tank a small sample 
of liq uid which he visually inspected, smelled , 
identified as the correct fuel and th en threw on the 
ground . The fu el d rums were re-bunged and rolled 
away to the sid e or the parking bay. 

A short time later, wi th seven passengers on 
board, the aircraft took off and while o n climb 
through about 8000 feet the p ilot bega n 
transferri ng fuel fro m the tip tanks to the centre 
tank. As th e aircraft approached 12 OOO fee t, the 
p ilot noticed a d rop in torque a nd EGT fo r the left 
engine a nd , as he tried to identify the malfunction , 
h e noticed a simila r power drop in the r ight engine. 
A trouble check and routine corrective act ion had 
no effect so the pilot decided to land at another 
aerodrome and establish the cause of the problem. 
He had just begun to d ivert however , when both 

engines rapidly lost power a nd fi nally flamed out. 
T he pilot attempted a relight bu t was unsuccessful. 

The aircraft. was over flat, spinifcx-cover ed desen 
co un try about 128 km fro m the departure airs tr ip. 
T he pilot briefed the passengers to prepare for a 
forced land ing, tra nsmitted a Mayday call and 
successfu lly put the aircraft clown between two lo ng, 
parall el six metre high sand dunes. Apart from 
slight buckling of the nose wheel doors, the aircraft 
was undamaged and none of the occupants was 
injured . 

Subsequen t checks of the aircraft's fuel system a t 
the forced landing site and the d rums from which 
the aircraft was refu elled showed that the fu el was 
heavily contaminated with water. A visual check of 
the con tents of the left tip tan k revealed about 160 
to 180 liu·es o f clea r water with a layer of fu el about 
I 0 mm d eep lying 0 11 top. Sam ples o f liqu id fro m 
th e righ t tip ta nk appeared to be a 50/ 50 mix ture 
of water and l"uel , wh ile the centre tank con tained 
about 35 per cent water and 65 per cent fu el. T he 
fuel lines to the engines contained mostly wate r 
with some l"uel globules. 

Samples of the liquid remaining i11 the three 
drums used to refuel the a ircrart showed var ying 
m ixtu res of water and fuel. T he liqu id in one d rum 
consisted or clean , fresh water lightly con tami nated 
with fu e l, another con tained approx imately 50 per 
cent water and 50 per cent fue l and the third drum, 
which was pro bably used to re fuel the cen tre tank , 
contained only .J et A- 1. Other scaled 200 li tre 
d rums from the sa me stock were opened a nd also 
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found to be contaminated wirh water i11 van ous 
amounts. 

Samples of the water obtained from the aircraft. 
and the fuel drums were subjected to laboratory 
anal ysis and after comparison with several other 
samples, it was determin ed that the water in the 
drums had come from a ground \Valer bore a shon 
distance from the town ser ved by the airstrip. Fuel 
compan y documentation sho1Vcd that the conte nts 
or· the drums met all the prescribed quality control 
requi rements prior to their deliver y to this location. 

All the drums in which water was found 
appeared Lo co11tai11 a total quantity of liquid close 
to the 200 litres which was supposed to be in the m. 
They 1Vcre neithe r over nor under fill ed and, 
before they were opened to refuel the aircraft, all 
drums appare ntly h ad the seals intact. The water 
could not have been in the drums accid e nta lly 
because , in one case at least, some fuel must have 
been removed , a similar quantity of water p laced in 
the drum and the drum then resealed. 

It was not possible to determine how. why and by 
whom the water was placed in the 'scaled' drums or 

Carburettor icing 

(Refer to lift-out probability chart in centre section) 

To assist readers 10 better understand the na1ure o r 
carburettor icing. the Aviatio11 Srtfl'fy D ig1'sf rece ntly 
publish ed tlVO articles 011 this s u~jcc L. I11clucled in 
no. I 03 was a diagra m which enabled pilors Lo 
anticipate ice formation but required them to obtai11 
a dew point figure. This figu re is readily availabl e to 
pilots at brie fing offices with a me teorological 
onicer o n duty. but not elsewh ere. To overcome 
this difficulty anorher chart, using the \\·et and dry 
bulb temperatures or a given air mass ro predict the 
probability or carburettor iciug. has been prepared 
and is enclosed as a lirt-011t cenrre section in this 
ISSUe. 

T o obta in the temperatures the correct 
equipment is necessary and may be purchased from 
any scic utific instrumen t company. The cheapest 
fixed installation may be obtained for less 1ha11 20 
dollars and a portabie type costs under 40 dollars. 
·while thi s expense may be umrarranted for 
individua l pilots o r aircraft owne1·s, aero clubs and 
fl yin g schools may fi nd th e cquiprncut a valuable 
teaching aid when used in co11ju11ctio11 with the 
enclosed lift-out chan. Also, co11scinnious pilo ts will 
be a ble Lo anticipate carburettor ice fo rmation by 
using th e equipme n1 a nd consulting the ch a rt prio r 
lo f1igh r. 

' J "he major cause of carbure uor ice is the 
temperature drop of up to 40 d egrees Celsius 
resultin g from the evapora tion of ruel , particularly 
from metal surfaces. A second cause is the 
tempe rature drop resulting from the expansion of 
the air/ fuel mixture a t the thro1Lle butterlly; this 
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J ct A-1. Certainly, tht: p ilot 11·as not expecting to 
find \\later in either the chums or the aircraft's 
tanks, but h is quali ty control checks ll'ere cursory in 
the extreme. J ct A- I is colour less and the presence 
of water may be difficult Lo detcel u nless th e proper 
rel"uclling procedu re is followed and 
water-detecting aids are used. But no checks for 
conta111inants were carried on1 before reruellin g 
commenced. no filt ration cquiprnern or 
water-detecti11g a ids were used at any stage, and the 
checks th e pilo t made after refuelling had been 
comple1 ed ll'ere tota ll y inadequate Lo cleLecL the 
presence o r· water in th e fuel. 

The circumstances or th is accident are unusual in 
that no pilot, maintenance eugineer, or refuelle1· 
would normally expect LO fi11d water in such large 
quantities as were present on 1his occasion . 

levertheless, the p recautions to be takeu during 
re foclli11 g, especiall y wht>n using d rum srocks, a re 
<)cscribecl iu detail in Ai r Navigation Order 20.:l 
and their adoption in this i11sLa11ce would have 
cusurcd LhaL co11tami11arecl fuel was nor pumped 
inro rhe aircrafr's ranks• 

effccl is small at high power but ca11 be up to 10 
d egrees Celsius at a p proach and idle p oll'er settings. 

Refe1·ence Lo the li f"t-out char! sholl'S the ll' id e 
ra11gc or· ambient conditions cond ucive lo the 
format ion of carburettor ice in a 1ypical light 
aircraft cngiue . ote p articu larly the cxte11L of the 
risk of" serious icing 11ncler descenr poll'Cr. \\·hich 
incl ud es sunHner tcmpcralu res unde r hum id 
conditions. 

\i\'h y then arc the re not more cases of carburettor 
icing? 

The a nswe1· is that engine manu f"acture rs h ave 
long rccoguisecl Lhe proble n1 a nd modern 
rcciproca6ng ae ro-engines are des igned to minimise 
their susceptibility lo icing. Features such as intake 
manifolds cast integral! )' wirh the engine sump a nd 
the bolting of ca rburettors direct 10 1be sum p 
normally provide su bsra ntial prorecrion. H o"·eyer, 
this is e ffecti ve on ly wh ile the engine is hot. Adding 
the fuel to the air just before the inlet valve as in 
fu el injection e ngines provides practica ll y full 
prot:ectio n , although stil l 11·ith some susceptibilit y Lo 
throttle iciug at reduced p cmel'. 

Remember tha t loll' po11·er operat ions arc most 
conducive to ici11g because or Lhc double effect or 
("ud evaporation and a irflow thro1tling; extend ed 
I01r power/ low tempera tu re operations at cruise 
alri rudes may lower e ngin e temperatures into the 
vulnerable range. A ractor of"Len forgotten is that 
cruise just below cloud will a lso be in very moist air, 
close to the saturation level • 

t 
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Carburettor icing - probability chart -
30 . 

To use the chart 
- Obtain the wet and dry bulb temperatures 

- Enter the chart with the wet and dry bulb 
temperatures 

- Refer to the shading legend appropriate to the 
intersection of the temperature lines 

- From the intersection of the temperature lines, 
obtain the relative humidity on the curved scale, 
and the humidity ratio from the right hand scale 

Example shown on chart 
-Wet bulb temperature 14°C 

- Dry bulb temperature 18°C 

- From intersection of the temperature lines the 
shading legend gives, 'moderate icing - cruise 
power, serious icing - descent power' 

- Relative humidity 65 per cent 

- Humidity ratio 8.5 gm water per kg air 

SERIOUS ICING-ANY POWER. 

~%~¥~iff.ft&% MODERATE ICING-CRUISE POWER OR 
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Wire strikes 
/ 

Many pilots associate accidents involving overhead wires with agricultural flying, not realising how 
many of these occur in other general aviation operations. The following article provides advice for the 
agricultural pilot and all other general aviation pilots on the problem of wire strikes. 

Collisions with overhead wires. or wire strikes, 
cont inue to account for a s ignificant p roponion of 
accidents in volving general aviation aircraft. Table I 
shows tha t for the lasl fi ve years an average o r 10 
per ce11l of general avia tion accidents involved wire 
strikes. Surprisingly, the ma jori ty 110 longer occur in 
agricultural operations. The total number of wire 
strikes is increasing, a nd so is th e numbe r suffere d 
by air craft on other than agTicul tural operations. 

}'rar Total g1"111·ral \\'in· .1/rilw., 

aviatiou ocridrlilS 

t\griwlt 11 ml Other 
1974 25G l '.-1 6 
1975 208 II 8 
197G 2-13 11 H 
1977 22 1 11 13 
1978 2.'">0 17 17 

Table I 

In Ma)' I !::17!::1 , a pproximately 90 delegates, 
represen ting 70 per ce11t of agricul tural operators 
in Australia, auended the Aerial Agr icultural 
Associa tion of Austra lia Conve1llion in Penh. 
Among Lhe speake1·s ll'as Mr C. J. Freeman from 
the Ge ne ral Aviat io n Bra nch, Depan ment of 
T ransport. l\fr Freema n preseuted the folloll' i11g 
paper 011 the problem of locating and avoiding 
po" ·e r Ii nes. 

Wh ile the pape r is directed tmranls pilots 
engaged in agricultural operatious, the comments 
a bout locating power lines would also apply to a ny 

general aviaLio11 pi lot conducting a precau tjonar r 
search prior to landing away from an established 
aerod rorne. 

'Call them what you will but without doubt wires, 
high tension lines, cables and Single Wire Earth 
Re LU r n lines are probably the g reatest hazard facin g 
Lhe ag ricultural p ilot tod ay, whethe r he is 
inexperienced or highly experienced. 

'During the period 1974- 78, wire strikes 
accounted for 20 per cent o f agricultural aircraft 
acciderHs in wh ich the aircraft was substautially 
damaged or destrnred . The)' also accounted ror 40 
per cent of all fatalities and 36 per cent of all 
serious in juries in agricultural operations, so it ca 11 
be seen that the chance of su rviving a wire st rike 
accident is consiclerabl)' lcmer rhan fo r a ny other 
type or agricultural accident. l ndeed, as 17 per cent 
of all ll' ire strikes result in fatal injurr a nd 22 per 
cen t in ser ious inj ury, a pi lo t involved in a wi re 
strike has more than one chance in th ree of bei ng 
killed o r seriously injured. 

'These facts arc quite obvious to the pilot. 
involved in agricul tural operations and panicularly 
in spra ying operations , bUL wire strikes continue. 
Wh y? 

' In a rcpreselllative ten wire strikes, two in volved 
\\'ires of which the pilot 11·as u nall'arc. 0 11e i11volved 
m isjudgement or wi re cleara11cc and seven - that is 
70 per cent or a ll wire strikes - happened whe n 
the pilot forgot about a wire he had p reviously 
located . 
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'What can be done to reduce the occurrence or 
wire strikes? 

Wire location 
'During the training of an agricultural pilol greater 
emphasis must be placed on wor king around wires, 
after locating them from indications given by poles, 
insulators, cross trees, buildings and common sense . 
The pilot must real ise that the indications on their 
own are not good enough ; he must locale the actual 
wire. If in doubt he must fly over the pole to locate 
the wire; he is unlikely to fl y into the indication. 

'The importance of treatment a rea inspectio ns 
must be stro ngly emphasised . Ground inspections 
are of d oubtfu l value in determining pole runs and 
wire dispersal , and are often impossible. Aerial 
inspections are much better, as the perspective is 
correct and the chance of a pole being hidden from 
sight is less because it is possible to see other poles 
in the run . One problem with an aeria l inspection is 
that, having carried it out, the pilot usuall y begins 
treatment immediately and has li ttle Lime to digest 
all the information gathered during the inspection. 

'The problem of transferring an inspection in 
plan to a treatment in elevation is not great, in fact 
the inspection is a combination of plan and 
e levation. 

'The aerial inspection mu st be conducted with 
great thoroughness, star tin g as the aircraft 
approaches the treatment area and continuing o n 
into the area. Nothing must be left on the basis of , 
" I think that is where it goes". The pilot must be 
I 00 per cent certain and if he is not, then he must 
look again. However he must not fly around the 
area excessively as this could disorientate him in 
relation lo obstacles. It is also time wasting and time 
wasting will eventually apply pressure which could 
result in menta l overload. 

'Th e pilot must make proper use of all visua l 
clues. T he most obvio us arc the pole runs associated 
with the wire run. ll is often possible to locate the 
main feed line (particulady with Single Wire Earth 
Return li nes) and this, combined with the 
knowledge that dwellings in the area all have power 
connected, will give an indication o r the possible 
pole and wire ruus. T he type, number and atti tude 
o r insulators ind icate the wire disposal on the pole, 
and if interpreted properly wi ll yield a wealth or 
information on wire direction , height, tension and 
so o n. Cross trees on the poles indicate 
supplementary wire runs and the angle of the cross 
tree, in relation to the main run, will indicate the 
angle of the supplemen tary or spur wire. 

'Finally, it can be said th at, as a general rule, in 
a n area whe re domestic power supply is available, 
all dwellings and most other buildings have power 
connected. No a ttempt shou ld be made to begin a 
treatment until the wires supplying all buildings in 
the treatment area have been located. 

'Always remember, visua l cl ues arc only indimtiuns 
of wir e runs; the wire itself must be located. 

Misjudgment of wire clearance 
'This usually results from o ne o f two facto rs. The 
first is that the pilot Lakes avoiding action too la te to 
clear a wire. T his may occur al the end of a run or 
during a run when there is insufficient clearance to 
fly under the wire. 
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'To overcome this problem it is essential that the 
pilot select some reference point al which avoiding 
action must be commenced in order to provide 
adequate clearance of the wire. Two si tuat ions 
where use of this tech nique is ad visable are 
approachiug a wide span or wire and when 
approaching a wire that is at an angle Lo the fligh t 
path. It can a lso apply when approaching wires 
wh ich are at different heights, because the highest 
wire a lways looks farthest away. 

'The second factor arises when the pilot finds th at 
the wire he intended Lo fly under is either lower 
than he thought or has an obstruction underneath 
it. In respect o f the former, it should be obvious 
during the inspection that a wire has either 
adequate clearance or suspect cleara nce. These 
parameters will vary as a pilot gains experience. 

'When the clearance is suspect the aircraft should 
be flown at spraying height, parallel to the wire, 
and the clearance p hysically checked. The pilot can 
then decide whether he will fly over or under the 
wire during the treatment. 

'Obstructions beneath the wire shou ld be located 
during inspection. During training strong emphasis 
shoul d be placed on inspecting the surface below 
the lower le vels of th e wire run for obstructions and 
undulations. The fences a longside the sp raying run 
are other areas where the pilot is likely to encounter 
extraneous bi ts and pieces of equipment 
encroaching upon h is !ligh t path. When an 
obstructio n is located under a wire during a 
spraying run , it is usually a small one, otherwise it 
would have been seen during the inspection. 

To avoid it, yaw the aircraft and fla t turn slightly. 
As a last resort hit it (unless it is a human marker). 
This is infinitely better th an striking the wire. 
T here is little other than wires, large trees or new 
fences tha t wi ll stop a n a ircraft, and stayi ng 
airbo rne with a wheel, undercarriage leg or spray 
pump removed is preferable to hittin g the ground 
hard with the aircraft in one piece. 

Strikes on 'forgotten' wires 
'This problem involves the h ighest proportion of 
strikes, deaths and serious injuries, yet is the 
hardest to solve. Du rin g training the future 
agricultural pilot must be made aware that one 
fata lity in four involves striking a wire that had 
already been located. While it is essential to locate 
wires, it is even more important to remember them. 
The only way lo remember a wire is to dism iss all 
extraneous matter from yotff mind while engaged 
in treating an area a nd concentrate on the job in 
hand. Easily said but hard to practise, particularly 
when the chemical o r avgas that you expected in 
half an hour wi ll not be available for anothe r row· 
hours. But it is extremely important, and new 
minds can be trained to do it. The budding 
agricultural pilot can also be trained to carry out an 
extra "wires" or "obstructions" check before 
carrying oul clean-up runs. T his is the main area of 
wi re strikes and results fro m relaxation or mental 
overload, and these two factors can go 
hand-in-hand with orientation of the treatment area 
and obstructions changing through 90 degrees. The 
RAAF carry out an extra "wheels" check on [Ina! 
approach. Maybe a verbal "wires" check would be a 
professional a pproach to this problem. 

'We are losing experienced pilots as well as new 
men. Most industry p ilots would be aware of a 
number of highly experienced pilots, with many 
years in the industry, who have lost their lives 
through wire stri kes over the past few years. The 
ind ustry cannot afford to lose men of such calibre 
and experience. Some have struck wires and 
survived; many others have come perilously close to 
wires they had forgotten about. Remember, it can 
happen to yo u even though you have many years 
and thousands of hours of experience. 

'The problem of mental overload is uppermost in 
the case of the experienced pilot. Individuals vary 
as to the mental load they can tolerate but all must 
reach saturation at some time and the addition of 
one more factor will drop some items out of thei r 
memory. These items will not necessarily be 
unimportant ones. To avoid this possibility, pilots 
must be encouraged to relegate items that do not 
require their full attention. They must also train 
themselves to dismiss from their heads all 
extraneous matters that do not relate to the actual 
job in hand . T hey can reduce thei r mental load by 
better planning; a properly planned operation 
reduces the need to carry a heavy mental load. A 
note pad in the cockpit to jot down items that need 
to be acted upon at the next landing could reduce 
this load and accordingly the chance of overlooking 
a wire. 

' In addition, loader drivers could be trained to 
accept more responsibility, thus reducing the pilot's 
mental load and ensu ring that his approach to the 
j ob is a little mo re relaxed. The solution is therefore 
twofold: reduction of extraneous loading on the 
pilot by better planning, and training or auxiliary 
staff. 

'Pilots must realise that their biggest hazard is 
distraction. I t is imperative that they dismiss from 

their minds all items not associated with the actual 
treatment. The bullet can't kill you unless someone 
pulls the trigger: in this case the wire is the bullet, 
and the distraction is the pull on the trigger. 

'The causes of distraction are all too well known 
- chemical not available, avgas not turned up, 
more work coming in, leaking nozzles, tonight's 
accommodation, last night's row with your wife or 
girlfriend, et cetera. The owner/ pilot is at the 
greatest risk for he has business pressures to 
contend with as well. I t is essential that you dismiss 
these problems until you have landed, when they 
can be handled without the distraction of having to 
fly an aircraft as well . 

Familiarity 
'One last factor is familiarity. No pilot of sound 
mind feels contempt fo r wires, but it is possible for 
him to become Loo familiar with them and feel less 
concern than is healthy. Unfortunately, after the 
battle with the wires in and around the treatment 
area has been won, they do not fall down or 
disappear. They stay there and wait - and the war 
goes on. 
To sum up, I am advocating: 
-More emphasis on training new pilots in location 

of wires. 
-More thorough inspections of areas under, and 

close to, wires, particularly where the wire is low. 
-The use of supplementary reference points where 

it is difficult to pinpoint the position of the wire. 
-Extra checks before clean-up runs. 
-Above all , awareness that distraction from the job 

in hand resulting from mental overload causes 
wire strikes with more than one chance in three 
of death or serious injury. 

- Delegation of more responsibility to loader 
drivers. 
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'Do not lei familiarity make you casua l in your 
approach to wire location and avoidance. Mainta in 
high standards and always have a healthy respect 
for the potential death-trap of wires. 

' In conclusion, it is worth noting that if you hit a 
wire and you are wearing a crash helmet your 
c hances of survival arc doubled! ' 

The non-agricultural pilot and wire strikes 

While collisio ns with overhead wires arc a hazard 
associated with the ver y nature of agricul tura l 
fl ying, the case is different for other kin ds of flyin g. 
T he re a rc two basic situations wh ich result in wire 
strikes by aircraft not engaged in agricultural 
operatio ns. 

The first is the complete disregard of Air 
Navigation Regulation 133 by th e pilot who engages 
in unautho rised low flying. These illegal and often 
spur-of-the-moment ope1·ations have been 
respo nsible for innumerable accidents since the 
earliest days of aviation. The dangers in volved have 
not changed over the years: if anything, th e 
like lihood of flying into a power line has increased. 

Overhead wires are now found all over the 
country, and are not confined to areas of 
habitatio n. T hey criss-cross the land sca pe, and va ry 
in size and shape from large multi-cable 
tra nsmission lines on steel towers to innocuous 
s ingle-cable power lines on wooden poles. 
Transmissio n lines often span valleys from hilltop to 
hilltop and may be up to 400 feel a bove the va lley 
floor. Sing le wire lines, though usual ly on ly about 
30 feet above th e ground, ofte n have extremely 
long spans, up to 300 metres between poles. In 
these days of e n vironmental awareness, the 
a uthorit ies usuall y position poles to be as 
inconspicuous as possible, quite often hidde n 
amo ngst trees. 

T he net result is that overhead wi res a rc 
extre mely hard to see, especially for the p ilo t of a 
low flying aircraft who is not o n the look-out for 
them. 

Before desce nding below 500 feet AGL conside r 
the r isk to your aircraft an d passengers of e ngaging 
in this unauthorised activity. There is o nly one 
solutio n - don't do it! 

The second situation which results in collisio ns 
with overhead wires involves aircraft landin g and 
taking off. Government a nd licensed aerod romes 
are listed in AIP AGA which includes th e 
obstruction-clear gradient o f the ta ke-off climb 
surface from the encl of each flight strip. 

These gradie nts' take accoun t of obstructions 
inside the standa rd splays. Quite often these 
gradients a re less than one in 50 but o nl )' ra rely as 
sleep as one in 20. A pilo t knows tha t if he 
maintains at least the listed gradient he wi ll not 
encounter a n y obstructions, includin g wires, during 
take-o ff or landing. However , a long, flat approach 
be low the listed gradie1it, or a loss of e ngin e power 
a fte r take-off could result in a wire strike. 

Authorised Landing Areas (ALAs) prese nt a 
majo r proble m for aircraft dur ing take-off and 
landing. In this situation the pilot must ensure that 
the physical dimensions and characteristics of" the 
a rea meet the require ments specified in 1hc AI P 
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and the VFG. The maxirnun1 pcnuittcd 
obstruction-free landin g a11cl take-off gradients are 
one in 20 for day operatio ns a nd one in 30 for 
night operations. If a pilot 11or111ally operates from 
a govern ment or lice nsed aerodrome, the one in 20 
gradient al an ALA is slee pe r than he is accustomed 
to. T herefore , a lthough an obstruction may not 
penetrate this g rad ient it cou ld sti ll constitute a 
hazard to a pilot making a flat approach. 

A pilot inte nding to use an ALA can no t afford to 
assume that the re are no hidden obstruction s such 
as power lin es in th e approach and take-off area 
simp ly because no one h as me ntio ned them. lie 
must make every endeavo11 r lo ascertain the 
existence or wires or o th er obslructions. This can be 
done vis ually durin g a ground inspection or the 
area, or verball y wh en discussing the use of the area 
with the owner, occupier or con troll ing authority. 

Having take n the necessary actio ns pre-flight, the 
p ilot's next opportunity for sa feguarding against a 
possible wire strike will be during his precautionary 
search prior to landing. If the re are no major 
transmission lines in the area it will be sa fe lo 
d escend below 500 feet AGL. Usin g the techniques 
mentioned ea rlier in this anicle, the pilot can locate 
any indications of" wire runs ancl then locate the 
wire itself. In consideration o f the average height or 
power lines, th e re is no need for this inspection to 
be cond ucted at less than 150 feet AGL. Once the 
pilot is assu red that he has located any wires, and 
he is completely satisfied they do not comprise a 
hazard to hi s inte nded operation, he can d escend 
f"urther for the landing. 

If, prior to take-off, a pi lot considers that an 
overhead wire ma)' present a proble m in tJ1e e vent 
of a loss of engine power he should consider the 
use of a n a lternative take-off direction that wi ll 
ove rcome the hazard. 

T he use of fi xed-wing and rotary-wing 
amphibious aircraft is increasin g in popularity. 
Associated with the increasing popularity is an 
increasing rate of wire strike accidents. There are 
numero us lakes, reservoirs and wa terways in 
Australia that would be suitable for these o perations 
except that power lines are strung across them with 
the poles hidden above th e shore line. With a 
backgrou nd of wate r these lines are extremely hard 
to see. Pilots intending to use a waterway, for the 
first time particula rly, sho uld be exti·e mely vigila nt. 
Do not be misled in to believin g that a power line 
stops at the shore because you cannot see the wires 
across the waterway. Make the extra e ffort needed 
to be positive that there are no wires above the 
wate rway. 

The likelihood that an a ircraft fl ying close to the 
ground will encoun1e1· overhead wires is growing 
consistently; the on ly safe cou rse is to expect th at 
wires will be a hazard in an)' operation invol vin g 
low flight. Be sure to La ke th e necessary precautions 
to avoid th em. In th e words o f" Mr Freeman: ' I 
believe the wire strike p roble m is now extreme. rr 
an average pilot set out to fly for o ne hour, in a 
straight line, over a rura l a rea , at 25 feet AGL, he 
wo ul d fl y in to a wire befo re th e ho ur was up, no 
matter how vigilant his look-out. For this pilot Lhe 
o nly safe place, in a n aircra ft below 500 feet in such 
an a rea , is statio nary on the ~round !• 

Passenger evacuation briefing in 
general aviation 

Two unrelated and quite different accidents in Lhe 
United States a few years ago promote a com mon 
!lig ht safety lesson. In the first accide nt, a DC I 0 
aborted a take-off foll owing a bird-strike which 
caused an engine to explode. The la ndi ng gear 
colla psed and the aircraft cau ghl fire. All o f th e 128 
occupants escaped quickly without serious injury: 
the passengers were airline employees and most or 
them wer e familiar with evacuation procedures. In 
th e second accident, exactly 12 months later, nine 
passengers involved in the crash of a Falcon 20 
experie nced 'severe difficu lties' evacuating the 
ai rcraft because they had not been briefed on the 
rclevanl procedures before departure. 
Furthermore, there were no placarded instructio ns 
fo r ope ning the main cabin door or the two 
overwi ng exits. FortunaLe ly. the re was no resultant 
fire a nd all passengers eventually escaped. 

Both these accidents indicate th e importance of a 
conscie ntious passe nger evacuation brie fin g a nd th e 
lesson is just as importa nt to the general aviation 
pilo t as it is co the airline capta in , particu larl y with 
the increasing passenger-carrying ca pacity and 
complexity of modern general aviation aircraft. But 
rather than a ttach a complacency tag to the general 
avia tion operator who fails to brief his passenge rs 
adequately, funhcr consid eration of the matter is 
warranted for there may perhaps be othe r 
subconscious factors involved. 

Firstly, in this technological age, it is a ll loo easy 
to assume that passengers will automatically know 
h ow to open cabin doors and e merge ncy ex its. 
After all , o ne might say, they have onl y to read the 
p laca rds. But how often have p assengers required 
assistance to even unlock their seat belts after a 
normal flight? In the added shock a nd confu sion of 
an emergency evacuation, even the simplest task can 
become difficult. Pressurised cabins have add ed 
weight LO doors and hatches and complexity to their 
locking mech anisms, and placards may not be 
readily seen in a n emergen cy night landi ng. 

Secondly, in most general aviation commercial 
operations, the pilot generally identifies himself" 
closely with the passengers. H e may have assisted 
with the luggage handling, h e probably closed the 
cabin door and almost certainly brushed past the m 
on the way to his seat. H e senses that in the e ve nt 
of a crash landing, he will immediately be 011 ha nd 
to direct the evacuation . But the re is no guaranlcf' 
that the pilo t, particularly in single pilot o perations. 
may not be fully occupied in securing the a ircraft o r 
making radio transmissions. He may be 
incapacitated and relying on his passe ngers to not 
only l"cnd for themselves but also to assist him lo 
leave the aircraft. 

Thirdly, th ere is ofte n the thought that a 
comprehe nsive emerge ncy brief may put unplcasanl 

doubts into the passengers' minds, particularly 
when given by the pilot rather than a glamorous 
cabin attendant making the evacuation brief a 
slightly easier pill to swallow. However, a short but 
appropriate ex planation of evacuation procedures 
will not only play a major role in the success of a ny 
evacuation but can a lso assist in removing any 
feelings of underconfide nce a mo ngst passengers 
perhaps travelling in a light aircraft for the first 
time. 

The length of the brief a nd the manne 1· in which 
it is p resented arc naturall y as important as the 
information given. Prior Lo a departure, coverage of 
the evacuation procedure in the pilot's brief need 
include little more than an indicatio n o f the p osition 
and operation of the no rm al and e mer gency exits, 
and altention drawn to passenger briefing cards if 
required to be carried o n the aircraft. 

Conversely, a passenge r brie f" prior to a planned 
emergency landing with a jammed und ercarriage or 
a forced landing witho ut power can be much more 
specific and directly related Lo the circumstances 
and passengers on board. Additional consid eration 
can be given to the particu la r requirements of 
ind ividuals, particularly children or handicapped 
people. Specific instructio ns on the location of fi rst 
aid kits and how and whe n e mergency exits arc to 
be opened can be given if Lime permits, and 
passengers can be briefed against the subconscious 
human reaction to leave through the door they 
u sed on e ntering even wh en this exit is blocked by 
fire or d e bris or is jammed . Advice may be given o n 
other important factors such as the need to remain 
seated until the aircraft com es to rest and then to 
move quickly without panic until well dear of the 
aircraft. 

An accurate and confid ent emergency brief can 
o nl y be given if the general aviation pilo t has been 
properly tra ined and re ma ins thoroughly 
con versa nt with evacuation procedures as required 
by ANO 20.1 J. In the unfortunate event that an 
actual evacuation becomes necessar y, both the crew 
and passengers wi ll the n be beuer pre pared 
me ntally and physically Lo cope with wh at otherwise 
could be a confusing, sLressful and potentially 
dangerous situation • 
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Vision 3 - night vision 
A veteran pilot once remarked that night flying is no different from day flying - it is just that at night 
you cannot see anything. Although there is a lot of truth in his statement, you can usually see 
something. To compensate for what you cannot see, you need proper instrumentation. To make the 
most of your vision at night you need to understand how the eye operates in darkness. 

Colour/ Distance/ Day Only 

Cones and rods 

There are two kinds of light-sensitive nerve endings 
at th e back of' your eye; a dual structure of cones 
and rods. Cones provide precise vision and colour 
differentiatio n; they are much less sensitive to ligh t 
than rods. Rods are much more light sensitive than 
cones, but are incapable of precise vision. 

The cones, because they need greater intensity of 
light to function, are used in day vision . In fact, the 
cones stop working a ltogether in semi-d arkness. 
Millions of these tiny structures are clustered at the 
back of the eyeball , directly behind the pupil. They 
not only distinguish colours but p ick up distant 
objects as well. 

The rods arc concentrated in a r ing around the 
cones. Being colour-blind, they see only in greys 
and arc used in peripheral vision during the day -
that is, they pe rceive objects in motion out of the 
corner of the eye. Because the rods ca n still 
function in light o f' J / 5000 , the intensity at which 
the cones cease to function , they are used for night 
vision. These structures are J 00 OOO times as 
sensitive in the dark as they are in sunlight. 
However, they do need more time to adjust to 
darkness tha n the cones do to bright ligh t. Your 
eyes become adapted to su nlight in J 0 seconds, 
\.\rhereas they need 30 minutes to fu lly adjust to a 
dark night. Bright lights (such as landing lights) 
knock out night vision , requiring you to 'night 
adapt' a ll over again to regain maximum night 
vision. 

The fact that the rods are distributed in a band 
around the cones and, therefore, do not lie directl y 
behind th e pupils, makes 'off centre' viewing 
important to the pi lot during night flight. That is , 
night flying requires a diffe rent visual technique to 
day flying. You can see an object best during 
daylight by looking directly at it. At night, however , 
a scanning proced ure is more effecrjve - you will 
find after some practice that you can see things 
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more clearly and definitel y at night by looking 
slightly to one side or the m , rather tha n straigh t at 
them. If, du ring your attempts to practise the 
scanning procedure, you find that your eyes have a 
tendency to swing directly towards the target, force 
them to swing past it so that the rods o n the 
opposite side of the eyeba ll pick up the o~ject. 

Rhodopsin 

The underlying factor governing d ark adaptation 
sensitivi ty is the quantity or rhodopsin available in 
the back of the eye. Rhodopsin is the 
light-capturing substance carried in the rod 
receptors of the retina. Whe n light strikes the 
retina, the rhodopsin is bleached and must 
regenerate. 

It has been estimated that a pilot can expe rience 
a 30- 50 per cent reduction in his night vision as a 
result or several hours ex posure to bright sunlight, 
especially in a light-covered e nvironment such as 
sand, sea or snow. The effect is cumulat ive, and 
repeated exposure may leave you with poor night 
vision for as long as a week. 

Recovery normally follows simply as a result of 
resting the eyes or protecting them from b right 
ligh t, but restoration of visual powers is a g radual 
process. Don't expect good night vision after a d ay 
on the beach or the ski slopes. 

In any event, if you a re a pilot who fl ies at night 
occasionally, you will do well to form the habit or 
carrying sunglasses at a ll times and wearing them 
whenever the sunlight is strong. 

The selection of sunglass lenses is important. The 
wearing of neutral density anti-glare glasses with an 
average transmission of 15 per cent is 
recomm ended . On ly with a true neutral fil ter is 
colour vision entirely normal and it has been 
determined that a lens wi th 15 per cent 
transmission is most sui table for the level of 
brigh tness encountered in fl ying. 

Hypoxia 

H ypoxia occu rrin g during Oigh1 lias a deleterious 
effect 011 ni ght ,·ision and f'or this reason pilots arc 
a~lvi sed 10 use su pplemen tarr oxygen <lurin g 11igh1 
flights. Some sources state that 1he decrease in n igh t 
vision is live per ce nt for e\·e1") 2000 f'eet, bet\\·een 
4000 feet and 12 OOO feet ahon· sea leYel. It has 
been shmrn that a 25 pe r cent impro,·emen t in 
nigh1 vision occurs al a height of :)000 feet abo\'e 
sea level 11·it h the aclmi11is1ra1ion of oxygen. 

Carbon monoxide (smoking) 

Excessive carbon monoxide produces the same 
decreased night visual capability and increased time 
for dark adaptat ion as hypoxia from increased 
alt itude. 

For exa mple, a fo·e per ce111 blood saturation ll'ith 
carbon monox ide gi\'es an effect on the visual 
th reshold equal lo 8000- I 0 OOO feet of alt itude. 
Smoking th ree cigarettes ca n cause a CO saturation 
of approx imate!) fou r per cent. Pilo1s should 
therefore observe the ·No smoking 11·ithi11 60 metres 
of the a ircraft" sign at all times. 

Tinted windscreens 

Another precaution is to avoid 1he use of aircrafl 
11·i1h_ t inted 11·indscreens ll'hcn fl )' ing al n ight. 
particularly O il Night vrvrc operations . This kind of 
fl ight, which is usually carried o ut in small general 
aviation aircrah, is the 111os1 crit ical visual task of a 
pilot. In visual flight b\' clay a pilot can sec 11·hat he 

Pilot contribution 
In respousc lo your request for pilots to relate 
experiences which ma r help lo remiud others o r 
essential features in maintaining safe flying, I send 
)'OU the folloll'ing cautionarr talc. 

While reccnth· fl r ing from Penh Lo a coun tn· 
centre \\'il h a si1'1glc ai~-strip, I gave an inbouncl call 
on the area VHF frequencr at 20 11111 from 
destinat ion, specifying destination, distance and 
altitude. A few lll inutes la ter I i1 1tcrccpted a c;ill 
from another aircrafl operating in tlie circuit at Ill)' 
destina1 io11 and called him up to repeal my inbound 
call , receiving ackncmlcdgcmen1 from hilll. 

As 111 )' course for the aerodro111e \\'as 
apprnx imatcl)' on the base direction for the strip, 
descend ed 10 circuit height and joined base leg, 
g ivin g a radio call m 1 base leg, specify ing the 
runway. 

After 1urning 0 11 to final approach. my passenger 
drew Ill )' a1 tention to another aircraft flying on a 
parallel course at the same altiLUde, about 200 feet 
to sta rboard. He had obvious!)' bce11 on final 
approach LO 1he same ru nwa)'. I kn e\\' that the 
aircraft previouslr operating in the circuit was 0 11 
the gro und at th is stage. I contin ued Ill)' approach 
and landed. 

The pilot of the a ircraft with which I had a 
relative!)' narrm,· esca pe from collision made a tight 
low level circuit and was alread y 011 final approach 
as I taxied back along the strip. 

After he had landed aud shut down , I 

11ccds to under concli1ions or relati ve!)' high 
illuminatio11. In instrument flight by clay or night 
he docs not ha,·e Lo depend upon external vision at 
all. except in the Lake-off and landing phases when 
he is not usually required to depend on seeing low 
~ontrast objects. because the ker i1ems of , 
information are presented in high contrast by 
self"-illu minatl'd devices, for example pauerns of 
ligl1L. H ml'e\'er, in Night VMC, br definition, the 
pilot has to be able to navigate b)' visual reference 
to the ground. He must keep clear of cloud or 
obstrunions by visual reference and it is a great 
advantage to be able 10 make use of the natural 
horizon whenever possible. 

Except in fairl)' bright moonlight, the 
ground-referenced navigation is based largely on 
recogn izable collcc1 ions of ground lights which are 
seen in high contrast. However , keeping clear of 
obstructions 01· cloud rcqui1-es tha1 the object to be 
avoided must be seen in low contrast under 
conditions or verr loll' illumination . The natural 
horizon may. and usually does, present a similar 
viell'ing situation . 

Since. in these circumstances, the pilot's abilit)· to 
see is being pushed LO its limi1. any factor which 
Lends Lo impair this performance is highly 
undesirable. One such factor is lowered light 
transmission in the 11·inclscrcen, deliberately 
in troduced b)· 1inring. 

I r )'OU have a choice of ai rcraft available for your 
Nig h1 Vl\IC fligh t, increase your odds and select the 
one ll'ith the clear wi ndscreen. I t mar jus1 make the 
difference• 

approached him and, in order to bring up the 
subject as tactf'ull )' as possible, I apologised for 
unwittingly baulking his landing approach. He said 
that he had been surprised to see me and that he 
had not heard my calls as he had had his radio 
turned down. I said no more, but mentioned the 
incident to the organisa tion from whom he had 
hired the aircrafl, when I 1·eturned to Perth. They 
repl ied tha1 he was a charter pilot who had seemed 
tc~ be. very experienced. Certainly his handling of 
his aircraft appeared lo me to be most competent, 
skill'ul and expert - much better than my own 
flring skills could hope to he. 

There appear to be two major lessons lo be 
learned from this incident. 

Firstly, if I had becu keeping a proper look-out 
on base leg before turning on to fi nals, I should 
have seen this aircraft approaching on a collision 
cou rse from starboard and I must have given way 
to h im. 

Secondlr, 110 ma11cr how skilful and experienced 
a pilot is, he 111us1 sti ll observe the precaution of 
broadcasting his intentions and listening out for 
other a ircran when landing a nywhere, even at 
relatively remote country strips . 

Though these lessons have been stressed in the 
Aviation Safety Digest repeatedly in the past, you 
may feel that a further repetition is well 
worth-while • 
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Boeing 727 descends into the sea 

While making a non-precision instrument approach at night to Pensacola Regional Airport, Florida, 
USA, a Boeing 727-235 descended into the sea about three nautical miles short of the runway 
threshold. Three of the 52 passengers were drowned when the aircraft sank in about 12 feet of water, 
but the remaining passengers and the six crew members were rescued by the crew of a tugboat 
which happened to be in the vicinity at the time of the accident. 

The aircraft departed Mobil e on an IFR flight plan 
to Pensacola, cruising at 7000 reel. The captain was 
flying the aircraft. On contacting the Pensacola 
radar controller the aircraft was told that it would 
be vect01-ccl for an a irporl surveillance radar (ASR) 
approach to runway 25. ASR provides range and 
azimuth information to the controller but not 
altitude data. At the crew's request, the controller 
restated the type of approach and added, 'Pensacola 
weather, measured ceiling fou r hundred overcast, 
visibility four (miles), fog, haze'. The crew 
acknowledged and shortly afterwards asked the 
controller if the ILS for run way 16 was in use. 
They were told it had been o ut of ser vice for 
several month s because of construction on the 
runway. 

At this point, the 727 was being vectored for the 
approach behind another jet airliner and the 
controller transmitted to bolh aircraft, 
' .. . published minimum d escent altitude (MDA) 
four eight zero (480 fee t), missed approach point (is 
the) runway threshold'. The message was 
acknowledged only by the other aircraft. The 
cockpit voice recorder (CVR) transcript from the 
727 subsequently showed that when the message 
was broadcast, the crew was reviewing the ASR 
approach to runway 25. T he first officer (FO) 
briefed the captain correctly on the approach 
minima and the missed approach procedure, and 
the caplain acknowledged the briefing. 

At 11 miles north-west of the airport, the flight 
was cleared to desce nd and maintain 1700 fee t and 
was advised that a 'Twin Beech ' on an ASR 
approach 'broke out at four hundred and fifty feet 
indicated'. The FO remarked that 480 feet was the 
MDA , and that 450 l"eet was ' illegal for that 
runway'. 

Shortly afterwards , the FO reported descending 
through 2600 feet ' for sevcnleen hundred (feet)'. 
The fli gh t was vectored to a heading of l l 0 d egrees 
and the caplain began the approach checks. The 
descent and in-ra nge check lists had bee n 
completed and the before-landing initial check lisl 
was begun. 

T wo minutes later the controller told the flig ht it 
was six miles north-east of the airport, and the 
aircraft was successively turned on to 160 deg rees 
and 220 degrees. The captain called for 15 degr·ees 
of flap and, five seconds later , the lligh t en gineer 
reported that the be!o re-landing initial check list 
was complete. 

Half a minute later, the crew received a nd 
acknowledged clearance to descend to 1500 !"eel. 
T he controller told the 11ig ht it was 'five and 
one-half miles from the runway - continue to your 
minimum descent altitude'. The crew ackn owledged 
the clearance and the llaps were extended to 25 
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degrees. Shortly afte rwards , the controlle r 
inslrucLed the fl ight to tu rn o n lo 250 degrees and 
lhc lransmission was acknowledged. 

When the aircrafl was fou r mil es from the 
runway Lhe controller reporlccl that d1e preceding 
j cl aircrafL had canied oul a missed approach. The 
crew replied, 'Thank you'. AlmosL immed iately, the 
landing gear warning horn sounded and four 
seconds later, as the aircraft rolled out o n the final 
approach heading, the caplain called for lhe 
landing gear and Lhe landing final check lisl. 

In response lo the flight engin eer's check list 
challenge 'Landing gear a nd lever', the FO 
responded , 'Down, three greens'. Ths; flight 
engineer slated, 'Sta nding by on the final flaps'. 
These remarks coincided with a tra nsmissio n from 
the con lroller that the aircraft was on course and 
three and a hall" miles from the runway. 

Fo ur seconds later , the ground p roximi ty warning 
system (GPWS) whooper sounded and the 'pull up , 
pull up' voice warning began. The GPWS warning 
continued for nine seconds and during lhis tim e 
o nly two re ma rks appeared on the CVR transcript 
- the captain said , 'Did you (get) your lhi ng?', a nd 
the FO commented , 'Descent rate's keeping it u p'. 

The fli ght engineer acLivated the inhibit switch or 
lhe GPWS in response to what he believed was the 
captain's command to tu rn the system off. Seve ra l 
seconds aher lhe warn ing ceased , the .FO called, 
' ... we' re down lo fi fty feet' a nd two seconds later 
the aircraft hit the water. 

Investigation 
Aircraft performance 
A flight data recorder (FDR) readout was made o r 
the fin al seven minutes 22 seconds of Lhe !l ight . 
The last I 0 minutes of the CVR tape were 
transcribed . 

Examination of this in for malion revealed that th e 
descent rate was less than I OOO feet per minute 
un til passing through 1300 feet, whe n it increased 
LO about 1500 feet per minule. Al 500 reef the ra te 
increased to 2000 feet per minute and at 300 feet 
began Lo decrease again to about 1250 feet per 
minule . lt remain ed at that value over the last 100 
feet of the descent. T he GPWS activaLed at about 
500 fee t - almost coincident with the maximum 
d escent rate - and ceased at about 250 feet. 

During the descent from l 700 feet, the indi cated 
airspeed was between 150 and 160 knots IAS u ntil 
the aircraft reached 600 fee t, when it started Lo 
decrease. T he last recorded airspeed was 138 knols 
IAS. 

The fina l descent from 1700 feet was begun with 
the landing gear retrac ted and the flaps extended 
to 15 degrees and wi th a thrust reduction to 25 per 
cent of take-off rated thrust. This was main lained 

until about 1400 feet when the flaps were extended 
to 25 degrees. Over lhe next 21 seconds the thrust 
was reduced , reaching 12.5 per cent al 1250 feet. 
Thrust stayed at 12 .5 per cenl for aboul n ine 
seconds Lhen reduced lo flight idle. At 940 feet, 
when the land ing gear was extended , the thr ust had 
reached flight idle and it r emained there during the 
final 35 seconds of Oigh L. 

T he pitch attitude trace showed iliat the aircrafl 
descended from 1700 feet to 1500 feet at an 
attitude of about three degrees nose up. Shortly 
after leaving 1500 feet the llaps were extended Lo 
25 degrees, and from that point down to 1300 feet 
the attitude decreased to abour zero degrees. At 
abou l 1250 feet d1e nose of ilie aircraft was lowered 
to three degrees nose clown, and this attitude was 
maintained clown to 500 feet. At 500 feet, almost 
sim ultaneous wid1 the CPWS warning, the pitch 
aLlitucle lowered Lo fou r degrees nose clown and 
remained there until about two seconds before the 
CPWS warning stopped. At this time the nose of 
the aircraft was raised, and over the last 10 seconds 
the pitch attitude increased to about 0 .5 degrees 
nose up at impact. 

A TC procedures 
The prescribed ASR procedures for lhis airport 
stale that the linal approach fixes arc five miles 
from the thresholds of all runways, the minimum 
altitude at the fixes is 1500 feet, and descent to the 
MDA begins at the final approach fix (FAF). 

The a pproach gate is defined as 'the point on the 
linal approach course which is one mile from the 
final approach fix on th e side away from the airport 
or five miles from the landing threshold, wh ichever 
is farther from the landing threshold . . .'. The 
approach gate for run wa)' 25 was six miles from its 
threshold. 

The controller is required to vector ar riving 
a ircraft to intercept the final approach course at 
least two miles outside the approach gate and at an 
al titude which will allow descent in accordance with 
Lhe published procedure for a non-precision 
approach. Based on these r eq ui rements, the interCPjJt 
jJoint on the fina l approach course to ru nway 25 is 
e ight miles from the threshold. The controller is 
also required to give 'ad vance notice of where 
descent will begin and issue the straight-in MDA 
prior to issuing final descent for the approaches'. 

The aircraft was about fi ve miles from the 
ru nway before the controller issued the turn on to 
the linal approach heading. The controller said he 
knew th e turn on to linal was less than eight miles 
from the runway and that it was not as far out as he 
would have liked, but that he never doubted the 
safety of the approach. 

The controller also fu rn ished the fligh t with six 
position reports; the fi rst two based on the distance 
of the aircraft fro m th e ai r·port, and the last four on 
its disLance from the runway. 

The controller knew he was required to give the 
pilot advance notice of the descent point, but as the 
a ircraft was alread y d escending, and as he had 
cleared it to d escend to the MDA before it reached 
Lhe descent point, he 'felt that would not apply; he 
was already in a descent'. 

T he FO testified that the entire crew was busy 
afte r they desce nded from 1700 feet, 'but not to the 

poin t where iL was of" great concern to me'. He also 
noted however, that 'the check list was delayed 
because we were not aware that we were at the final 
approach fix until we received clearance clown Lo 
our minimum descent altitude'; and further , 'we 
were definilel)' not in the conligtll"ation over lhe 
final approach fix that we had desired'. ' 

The captain expect.eel to be vectored to intercept. 
the final approach course and be given warning or 
the FAF so that he '. . . could have the aircrart in 
lhe lauding configuration at the time (h e) arrived 
over the final fix'. He did not receive the 
information he 11eedecl, particularly the distance to 
the FAF, although he knew that it was five miles 
from the runway. If he had received this distance 
information the aircraft would have been stabilised, 
there would have been 'much less to do after 
passing the final approach fix', and 'more attention 
(would have been) d irected to flying and less at 
accomplishing other functions'. The captain LesLiliecl 
that he felt a little rushed, but · . . . didn't feel 
rushed enough to execute a go-around at tlut 
point'. In response to the question 'At any time did 
you d1ink the approach should be abandoned or 
refused ?' he answered, 'If I had thought so, I would 
have gone around'. 

The fligh t engineer testified that after they were 
cleared to the MDA he had 'a slight reel ing or rush'. 
He said that the controller gave them a turn about 
the same Lime they were cleared to the MDA, a nd 
he ' . .. felt like we were a little bit rushed due to 
where we were at in the check list and everyth ing, 
but I didn't tl1ink it was that serious'. 

Ground proximity warning system 
When the GPWS system operates, large 
undimmable red 'pull up' lights located on the 
lower right hand corner or the cap tain's and FO's 
instrument panels provide a visual warning; aural 
warning is provided by a speaker located i11 the 
cockpit ceiling. The GPWS inhibit switch, which 
de-activates the system, is located on the flight 
engineer's lower panel and is safety wired in the 
a r·med position . If the system is inhibited and the 
switch is then returned to the armed position there 
is a fou r second delay before it resumes normal 
operation. 

The GPWS h as fi ve warning modes, but only two 
arc pertinent to this accident: 
M ode 1 - Excessive descent ratP b1>low 2500 }r'el abovt' 
ground 
Mode l does not depend on aircraft configuration 
and functions all the time. I t is triggered by a 
descent rate of 1700 feet per minute at 700 reel . 
AG L, decreasing linearly to about 1400 feet per 
minute at ground level. 
ModP 4 - Non-lauding configuration below 500 f eet 
AGL. 
Wid1 the gear down and flaps set at 25 degrees, a 
Mode 4 warning is Lriggered at 500 feet AGL at a 
sink rate or about 1420 feel per minute. 

Modes l a nd 4 activate visual and aural alerts 
followed by a verbal command 'pull up, pull up'. 
The warnings are continuous until the condition is 
corrected. 

If a GPWS warning is so unded on descent 
company instruction; provide the following ' 
guidance to the flighL crew: 
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' It is not intended that a missed approach be 
conducted in each case in volving a Gl'\\'S \\'arning. 
The GPWS a lerL is a warning that the cre1r must 
immediate ly focus their attentio n on terrain 
proximity and make a determina tion as to wh ether 
the warning is valid . If there is any d oubt as to the 
validity of the warnings, positi ve action to alter the 
flight path to stop the warn ing should he initiated 
immediately. This action is particularly appropriate 
under the following conditions: 
(a) While manoeuvring for an approach at night or 

in instrume nt conditions. 
(b) When established on an approach where vertical 

guidance is unreliable .. .' 
When the GPWS warn ing sounded, the captain 

looked at his altimeter and instantaneous vertical 
speed indicaLOr (IVSI) and ' ... misread the 
altimeter. I had 1500 instead of fi ve (500 f"cet), and 
m y rate of descent was in the vicinity of 2000 (feet 
per minute)'. 

The FO thought the a ircraft was still above 1000 
feet when the GPWS activated. He said that he 
'noticed an excessive desce nt rate', identified that as 
the cause of the alarm, and broug ht it to th e 
captain 's aucntion . He thought that the captain had 
acknowledged the information; he saw the capta in 
initiate back pressure on the yoke, he fdt the 
aircraft respond , and at that point th e ground 
proximity warning system ceased'. 

The captain believed that since he was at 1500 
feet whe n the GPWS warning began, he did not 
make any drastic corrections , because he 
'. .. wanted LO make it as smooth as possible'. He 
just 'eased the yoke back and J think I used a little 
cruise trim . . .' but did not acid power. 'When I 
started shallowing the descent, the warning went o ff 
and I thought the problem had been solved'. H e 
also checked on terrain proximity. ' I looked for 
terrain. There was none to see. I could have used 
the radio altimete r but did not do so because I was 
mentall y above a thousand (leer) a nd I don't 
normally use it on this type of approach until after 
I have passed a thousand'. 

The loudness of the aural warning made verbal 
communications be tween Cl'ew members difficult. 
Although the re mark , 'Did you (get) your thing?', 
was recorded on the CVR, the captain did not recall 
making Lhc remark and the FO did not recall 
hearing it. A similar GPWS on anOLher compan y 
Boeing 727 was measured for loudness; it produced 
a level of abour 100 dB. According to acoustics 
experts, this noise level would impede normal 
verbal communication. 

The f1ight engin.eer thought he saw 700 feet on 
the altimete r when the GPWS activated. He heard 
the remark, 'Did you (get.) your thing?', and 
believed it was the ca ptain talking; however, because 
of the noise or the GPWS warning, he was not 
positjve of the exact words or whom the captain was 
addressing. He said he asked if the captai n wanted 
the GPWS shut off but the CVR transcript does noL 
corroborate this statement; he then heard the FO 
say that the descent rate was 'keeping it up' and 
replied , ' I am disconnecting this. Okay, .iust a 
second'. The flight engineer broke the safety wire 
and turned off the GPWS. Later he returned the 
switch to the armed position. He thought that the 
system wou ld reactivate if the aircrart was sti ll being 
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operated ·within the a la r111 parameters of an)' mode 
of t!1e sysLem". T he CP\\'S alarm d id not sound 
aga111. 

Altimetry 
The captain 's and the FO's instrument pane ls were 
equipped with drum-pointe r type barometric 
altime te rs, in which hundreds of feet a re indicated 
by a radial pointe r and thousands of feet arc 
indicared on a rotating drum. 

The captain said that he misread his altime ter a t 
500 fee t and believed he saw J 500 feet. 'Wh en that 
figure got on my mind as I ran my sca n af"tcr that , I 
was seeing 400 and 300 and the)' were 14 a nd 13 in 
my mind . I was look in g at the needle instcas! o f 
looking at the I OOO foot marker in it. I didn't 
actua lly look at the I OOO foot pointer at the time . l 
just glanced down at the 100 foot pointer'. 

After being cleared to the MDA the FO reset the 
a ltitude alert system and shifted his vision outside 
the cockpit to seek ground cues. He saw a red light 
which he was unable to id entify and his au ention 
re mained ouLside the aircra fL until the GPWS ale rt 
began. After the ale rt was silenced , he 'referenced 
(his) altimeter - in prepa ration for , .. one 
thousand foot cal l. Tha t was 11·hen (he) noticed 
I I 00 feet.' He said his procedure fo r readi ng the 
a ltimeter is to read the pointer first. 'That is the 
most obvious, because the hand is pointing to a 
number '. Next his eyes go to the window, and he 
notes the thousand that is associated with the 
previously observed hundred reel, and in his mind 
computes the a ltitude. 

H e stated that 'Each pilot has a built-in time 
clock, so LO speak, where you are in a ha biL of doing 
certain things - selecting fl aps, whatever, and 
looking back at your instruments'. Jn this case the 
aircrart had auaincd a higher descent rate than 
normal , which he was 'not aware of at th e tim e'. 
'When I looked back refer encing m )' instruments 
cxpe(ting to sec 1000 feet, in my own internal time 
clock, that was where I ex peered that we wou ld be, 
approximatel y J OOO feet. Thal was confirmed when 
I saw the " I". I initially read that as 1100 feet 
beca use that is what I ex pected to see'. He <idcled 
that he failed to make th e required altitude callouts 
beca use he was never aware or the fact that th e 
aircraft was below I OOO f"cet until just before 
impact. According to the CVR, the only altitude 
callo ut he made was at 50 feel. 

The captain a lluded to a similar sensing o r time 
passage durin g the descent, ' .. . normally when )'OU 

stan to descend , you don't ex pect to go through 
this great an altitude this quickly, and at the 
completion of these things you just nonnall y expect 
Lo be al <i higher altitude than we were . .. ' 

The captain's <ind FO's r adio altimeters , located 
nea r th eir attitude indicators, provide a bsolute 
altitude data be low 2500 feet AGL Both were set to 
the proper MDA for the approach , and therefore 
the MDA warning lights on the flight directors and 
above the radio alti rncLcrs should have illumi11ated 
when the aircraft descended below the MDA. 

The ca pta in and FO could not state whether the 
MDA lights were illu111i11ated , but they could not 
recall seeing them , and did not recall ever looking 
at their radio altimeters. They added that the radio 
altimeter is a backup instrument until the aircraft is 

beloll' 1000 reel and that there is no need to include 
it in th eir monitoring sca n un til then. Since, in their 
minds they neve1· reached 1000 feet, they did not 
expand their scan pattern to include the 
mstrume nt. 

Operating procedures 
Accord ing to the compan)''s B-727 Flight Manual, 
the pilot nor flying is required to call out the 
following: 

' 1000 feet - (SPEED) and (SINK RA TE), 
200 feet above (MDA) , 
100 feet above (MDA), 
MDA. 
Runway in sight or Missed Approach Point '. 

He is a lso required to call out any excessive 
deviations from the desired sink rate and target 
indicated airspeeds. 

The flight manual also advises the pilots: 'IF AT 
ANY TIME during the approach the aircrart 
alignment, altitude, speed, sink rate, or any other 
factor gets o ut of bounds to the point that excessive 
manoeuvring is necessary to achieve the proper 
re-alignment, a MISSED APPROACH shall be 
commenced'. 

It states that the use or the f1ight director on an 
MDA-type approach is optional but recommends 
that the flight director no t be used fo1· the descent 
portion o r ADF or ASR approaches because o r the 
workload added by manual control and the 
confusion that results. 

Analysis 
The evidence showed that the radar controller did 
not adhere to established procedures designed to 
aid the flight crew in the proper pacing of their 
cockpit duties during the ASR approach. He was 
required to position the aircraft on the final 
approach course at least eight miles rrom the 
runway, but gave the aircraft its vector to the final 
approach course about five miles from the runway, 
and the crew completed the turn about six seconds 
after they were told they were four miles from the 
runway. 

Since the ASR approach is not based on a 
navigation aid which provides a portrayal of 
position data on the aircraft's navigation 
instruments, the pilot must depend on the 
controller for information as to his a ircraft's 
position rela ti ve to the ai1·po rt at all times, 
particularly information concerning distance from 
the final approach descent point, so that he can 
configure his aircraft for the approach in a timel y 
manner. Although the controller did provide the 
Oight with position informatio n several times, he 
did not give the required 'advance notice of whe re 
descent will begin'. He contended that this notice 
was no lo nger required , since he had cleared the 
aircraft to descend to the MDA before it reached 
the FAF. However, the standard procedures are 
intended to ensure that the controller affords th e 
pilot preparation time to configure his aircraft for 
the impending linal descent, and the clearance to 
descend to the MDA half a mile before the descent 
point did not comply with either the in tent or 
recomm ended phraseology or these procedures. 

The controller said he had mi~judgcd the 
aircraft's distance and turned it on to linal inside 

the recommended distance. However, he knew that 
the aircraft was in a 'descent configuration', Lhat he 
had cleared it to the initia l approach a ltitude about 
six miles from the runway, and that it was 
intercepting the final approach course about 4.5 
miles from the runway. Since the controller, had 
received no information from the pilot lo indicate 
he was havi11g difficulties, there was no reason for 
him ro terminate the approach. 

Because the controller did not position the 
aircraft on the final approach course outside the 
approach gate, he created a situation that m~de it 
impossible fo1· the captain to configure the a1rcraft 
in the manner speci fi ed in the flight manual in that 
he would have had to lower the naps to 25 degrees 
and extend the landing gear either as he was 
approaching the fix or on the inte rcept turns to the 
!ina l approach course. 

While on a 110 degree heading, which was within 
40 degrees of what would constitute a downwind 
leg to runway 25, the captain was told that his 
aircraft was six miles north-east of the field; 34 
seconds later he was turned to a heading of 160 
degrees. He should have recognised tha t this 
heading approximated a base leg to runway 25 , and 
that it would keep his aircraft within six to eight 
miles of the licld until he was turned to the final 
approach course and fix. Since the captain knew 
that the F AF and the 'start descent' point were five 
miles from the runway, he should have recognised 
that the intercept turn or turns from the 160 
degree heading would place him on the final 
approach course at, or possibly inside, the FAF. 
Thus, he should have known that he would need lo 
extend the flaps to 25 degrees and lower the 
landing gear eithe r on this leg or on the turn to 
intercept the final approach course. The evidence 
showed that either he did not recognise what was 
happening, 01· he was unable to make these 
aqjustments to the recommended procedures. 

The captain did nothing to further configure his 
aircraft until about one minute after it was turned 
on to the intercept heading to the final approach 
course, when he requested 'twenty five flaps '. T he 
landing gear was not extended until half a minute 
later, when the aircraft was completing its turn on 
to the final approach course and was descending 
th rough about 940 reel. 

These delays resulted in landing flap never being 
extended, and increased the captain's workload 
during the descent, thus contributing to the major 
causal area of the accidcnL - a lack of altitude 
awareness. T he delay in beginning the 'before 
landing' final check list also contributed in part to 
the FO's failure Lo provide the captain with some of 
his required altitude callouts. 

The evidence disclosed that the FO either did not 
look al his altimeter or he did not perceive what he 
saw until Lhc aircraft was at 100 feet, when it was 
descending at 20 feet per second. 

The FO's duties also required him to seek ground 
cues during the descent. The origin o r the red light 
which he saw was never determined but his 
preoccupation with it caused him to omit several 
required c::allouts. He did not call out a descent rate 
and a n airspeed which exceeded the recommended 
parameters, and he did not make the required 
altitude callout at 1 OOO feet; his explanation for the 
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latter omission was Lhe upset of his 'inner time 
clock' which was based on a normal descent raLe. 

T he first positive indications that the FO had 
returned his atten Lion inside the cockpit were his 
exLension of the landing gear and his response to 
the relevant check list challenge. He did not recall 
any altimeLer or lVSJ readings d uring this period 
and had either redirected h is attention outside Lh e 
aircraft or was rnonito1·ing the landing gear warning 
and position lights. During this time the aircraft 
descended through 680 feet and he did not provide 
the captain with the required '200 feet above MDA' 
call. 

The GPWS warning began shortly after this , and 
Lhe ensuing cockpit conversation disclosed that Lhe 
captain's and FO's attention was directed 
immediaLely to their IVSis and the 2000 feet per 
minute descenL rate, not to their altimeters. Neither 
noted that the MDA had been passed. 

While th e FO's failure to provide the captain with 
altitude callouts during the upper part of the 
approach can be attribuLed to his distraction by 
o utside visua l cues, another source of distraction 
from about l OOO feet clown Lo Lhe activation of the 
GPWS was his workload during landing gear 
extension and the associated monitoring tasks. 
Under normal circumstances these Lasks should 
have been compleLed before the start of the descent 
to MDA, not upon leaving l OOO feet. 

A r eview of the captain's activities from 1700 feet 
to the activation of the GPWS disclosed that from 
1700 feet Lo abou t 1300 feet he had established a 
stable approach path - the average rate of descent 
was about 600-800 feet pe r minute; there was a 
slight increase in airspeed fro m 154 to 160 knots 
IAS; the thrust was stabilised at 25 per cent of 
Lake-off rated thrust; and , except for a momentary 
pitch down as the flaps were extended to 25 
degrees, the p itch attitude decreased slowly from 
three degrees nose up at 1700 feet to two degrees 
nose u p at about 1300 feet. Had Lhe landing gear 
been extended and the flaps lowered to 30 degrees, 
the aircraft would prnbably have achieved Lhe 
desired parameters for the approach. However, 
because the landing gear was not extended for 
another 25-30 seconds and the flaps remained a l 25 
degrees, the capLain experie nced added difficul ties 
in his atte mpts to attain the desired descent rate 
and airspeed. 

Contrary to the fligh t manual's recommendaLions, 
the captain continued to use his flight director 
during Lhe approach , bm only for heading 
guidance. An FAA report o n pilot eye-scanning 
techniques notes tl;rnt during a flight director 
approach, 74 per cent of the pilot's scan time is 
devoted to the fligh t director attitude indicator. In 
this instance, the manner in which the caplain was 
using his flight director attitude indicator probably 
caused him to devote a higher percentage o f his eye 
scan time Lo the fligh t director indicator and less to 
the other flight instruments. 

AL 1300 feet, when the turn to 250 degrees was 
commenced, the captain increased the rate of 
descent to 1000 feet per minute, decreasing thrust 
and lowering the nose to a p itch attitude of about 
three degrees nose down. The pitch attitude 
thereafter remained constant until the GPWS 
warning began , but the descent rate increased as a 
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result of further thrust reduction and the extension 
of the landing gear.. The captain had established an 
attitude which initially produced the desired rate of 
descent; however, he still kept retarding thrust until 
it reached 12.5 per cent of take-off rated thrust. At 
this point, the airspeed was about 10-1 5 knots IAS 
over target speed and it appears that the thrust 
reduction was an attempt to reduce airspeed while 
maintaining the pitch attitude. Since the captain did 
not alter the pi tch attitude, the lower thrust settings 
reduced the airspeed and increased the descent 
rate. Further thrust reduction resulted in the 
aircraft approaching the MDA with thrust at fligh t 
idle and with a descent rate at or above 1600 feet 
per minute. 

The evidence concerning this phase of the flight 
disclosed that the demands of trying to establish a 
stablilised approach and ensuring that the MDA was 
reached in sufficient time at a safe airspeed might 
have contributed to a breakdown in the captain's 
instrument scan pattern. He evidently fixed his 
attention on the flight director indicator and e ither 
excluded the altimeter and IVSI from his scan , or 
placed them at the outer perimeter of his attention 
span where he did not perceive thei1; read ings. Of 
paramoun t importance to this phase of the flight 
were th e required altitude callouts, which the FO 
fai led to make. 

T he captain experienced the same sense of pace 
that m isled the FO and , since he was not aware of 
any rate of descent in excess of 1000 feet per 
minu te, he d id not expect to go through 'this great 
an altitude this quickly'. Thus, when the GPWS 
activated and he saw 500 feet on h is altimeter he 
believed it read 1500 feet. The evidence showed 
thaL the captain was well aware of his altitude at 
l 700 feet, he knew he was cleared to descend to 
1500 feet, he knew he was cleared to the MDA, and 
he set up a 1000 feet per m inute descent rate some 

' time after receiving this clearance. The Board could 
not determine how, under these circumstances, the 
captain could have read 500 feet and interpreted it 
LO be 1500 feet, an altitude he knew he h ad left 
almost one minute earlie r. 

T he captain also said he misread his altimeter 
twice more after he made the first error. Since he 
knew h e was descending towards the MDA and he 
could hear the ground proximity warning, the 
Board d id not believe it reasonable that he would 
repeat the first error twice more. While the warning 
was sounding, however, the captain recalled the 
IVSI reading correctly. He recalled his control 
inputs, the manner in which they were made, and 
the results these inputs had on the descent rate. 
Based on the foregoing, the Board concluded that 
the captain focused h is attention on the IVSI and 
either did not look at his altimeter or did not 
perceive its reading. 

The Board believed that the GPWS warning 
migh t have prevented the pilots seeing the MDA 
ligh ts. Although the evidence disclosed that the 
MDA warning light system was operatio nal and that 
the proper MDA value had been inserted into the 
radio altimeter, neither pilot saw these lights 
illuminate. The activa tion of the GPWS warning 
directed the attention of both pilots to their IVSis 
and the GPWS pull-up lights, which are much 
brighter than the MDA ligh ts. As a resul t neither 

pilot saw the last automatic warning that might have 
alerted him to the a ltitude. 

The flight engineer believed he had been 
instructed lo turn the GPWS oil and the CYR 
tra nscript substantiates his belief. After the system 
was turned off the flight engineer reset the switch. 
He must have r eset it within four seconds of impact 
however, since tl1C system did not have time to 
recycle. 

Once the GPWS had sounded, the captain 
concu rred with the FO's analysis that iL was the 
excessive descen t rate wh ich caused the warning . 
He eased back on the control column, saw the 
descent rate lessen and heard the alarm cea~e. But 
the alarm ceased because the system had been 
inhibited, not because of the change in the d escen t 
rate . The captain er roneously concluded that the 
p roblem was solved. T he rate of descent had 
d ecreased to 1600 feet per minute when the 
warning was silenced and the captain continued to 
d escend without checking his altimeter. In th is case, 
his fa ilure to check his altimeter was vital to the 
safety of the fligh t, since the performance analysis 
disclosed that at this time the captain could have 
arrested the descent and avoided the crash. 

Because the sky was dark and the aircraft was 
being flown in instrumen t meteorological conditions 
on an approach which afforded the pilot no vertical 
guidance, a prudent capLain would have initiated a 
missed approach at the onset of the warning rather 
than try to d etermine its validity. T he proced ures in 
the company fligh t manual stated that under these 
condi tions positive action to alter the flight path 
would be 'particularly appropriate'. Merely easing 
the nose of the aircraft up to reduce the descent 
ra te without adding thrust cannot be classified as 
such positive action. The fact that the a ircraft 
entered the warning regim e in a three degree nose 
down attitude, at a descent rate of 2000 feet per 
m inu te and with all engin es at or near flight idle 
should have constituted added grounds fo r the 
capta in to positively alter the flight path. 

The GPWS proced ures also required that the 
pilots ' focus their attention on terrain proximity' to 
determine the validity of the warning. The 
beginning of the GPWS alert constituted , if not an 
emergency, certainly an abnormal situation. and 
should have made them check every available 
altimeter system to fix the position of the aircraft 
relative to the terrain. The pilots knew they were at 
an al titude where the radio altimeters were 
operative, they knew that the approach was being 
made over water, and Lhey knew that there were no 
terrain features presen t that would have made the 
radio altimeter readout suspect. Under the 
circumstances, the Board concluded that an 
experienced flight crew should have checked their 
radio altimeters, since these would have provided 
them with a n immediate readou t of absolute 
altitude. 

In summary, the Board believed that the ATC 
procedures affected the con d uct o f the approach 
and, therefore, contributed to the chain of events 
which led to the accident. Although the controller 
had placed the aircraft in a position from which the 
approach could have been completed safely, he also 
had placed it in a position where the captain had to 
alter the timing of his check list procedu res in order 

to configure his aircraft more rapidly than usual. 
While the controller's handling of' the fligh t did not 
place the aircraft in a dangerous position, his 
non-standard procedures made the approach more 
difficult for the crew to accomplish. · 

T he accidenl would have been averted , however, 
had the pilots performed to the established' 
standards expected of airline flight crews. It was 
appar ent that a lack or p rofessionalism on the 
crew's part contributed to their inability to recover 
from a procedural error on the part of the 
controller. 

Probable cause 

The Board determined that the probable cause of 
the accident was the flight crew's unprofessionally 
cond ucted non-precision in.stru ment approach , in 
that the captain and the crew failed to monitor the 
descent. rate and altitude, and the first officer failed 
Lo provide the captain with required altitude and 
approach performance callouts. The crew failed to 
check and u tilise all instruments available for 
altitude awareness, turned off the ground proximity 
warning system , and failed to configure the a ircraft 
properl y and in a timely manner for approach . 

Contribu ting to the accident was the radar 
controller's failure to provide advance notice of the 
'start descent' point which accelerated the pace of 
the crew's cockpit activities after the passage of the 
final approach fix • 

(Condensr,dfrom a re/JOrl /mblished by the National Transportation Safel)' 

Board, USA) 

From the Reports ... 

QFI commenting on a student pilot: 'When this student 
starts the engine, he starts a chain of event~ over which he 
has no further control'. 
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