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SUMVARY

The object of the Cvil Arcraft Arworthiness Data Recording Programe

(CAADRP) is a systematic study of operational flight of civil transport
aircraft.  From 1964 to 1969 a small number of jet aircraft of various types

were fitted with analogue trace recorders for the purpose.

study was conducted of a number of performance and flying

A statistical
approach and [anding.

control parameters on two aircraft types during final
Approxi mately 200 landings from each of two periods with a gap of one year
were studied on both aircraft types and the results show the probability of

neeting or exceeding various values of each paraneter together with mean

values and standard deviations.

* Replaces RAF, Technical Report 72097 = ARC 34303
CAADRP Technical Report 26
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! | NTRODUCT! ON

The Civil Aircraft Airworthiness Data Recording Progranme (CAADRP) is a
project admnistered by the Royal Aircraft Establishment in collaboration with
the Civil Aviation Authority and involves a small nunber of airlines and C.|.Data
Centre Ltd. The object of CAADRP is a systematic study of the operational flight
of civil transport aircraft. From 1964 to 1969 a small nunber of jet aircraft
in regular airline service were fitted with analogue paper trace recorders to
monitor various control surface and flight paraneters. A sanple of flight
recording is shown in Fig.1 but clarity is slightly degraded from the original
by phot ographic and printing processes enployed in its production. The pro-
gramme is fully described elsewhere 1,2

The two aircraft types (designated Types D] and El) nonitored during
Stage 2 of the programme (1966 to 1969) were selected for a statistical study
of a nunber of performance and flying control parameters with respect to the

final approach and landing phases of flight.

The results give nmean values and exceedance probability distributions.
Values which occur in the average landing, shown by the 50% probability |evels,
may be compared with measurements from unusual occurrences or ‘'special events'.

Special events involving hard landings are dealt with in an earlier report3.

2 BRI EF DESCRIPTION OF Al RCRAFT

Both aircraft types had rear-fuselage mounted engines and high subsonic

speed capability. Aircraft Type D] was the larger and had a longer flight range.

3 SCOPE OF STUDY

Approximately 200 flights from each aircraft type were selected from each
of two periods of one year. The flights were selected such that they were
evenly distributed throughout each period. (None was rejected for possessing
abnornmalities.) The first period ranged from August 1966 to July 1967 and the
second period August 1968 to July 1969. A break of one year was introduced to
highlight any trends due possibly to changes in operating procedures. The para-

meters nmeasured are listed in Table 1.
4 RESULTS

Table 1 gives the approximate reading accuracies for each parameter and a
sunmary of results for the two periods conbined; the values of maxinum mninum

mean and standard deviation of each parameter for each aircraft type are



The distribution of probabilities exceeding given values of each paraneter
are plotted for aircraft Type D] in Figs.2 to 22 and for aircraft Type E in
Figs.23 to 43 as listed in Table 1; in each case the vertical scale that is

used is such that a Gaussian (or normal) distribution is represented by a

straight 1ine, Plotted on each graph for conparison are the results for each
of the two individual periods sanpled and for the two periods conbined. A Dest
fit line by eye is drawn through the 'combined points. Cn each figure a panel

is included which contains values of the maximum mninmum nean, standard
deviation and the sanple size of each individual set of results in addition to
the values for the conbined period. Where the sanple size for any paraneter,
except those involving nultiple-inmpact |andings, was snmaller than the total
for the period, omssions were entirely due to difficulties in analysis

unlikely to be correlated with the phenomena being studied.

Matters of particular inportance relating to certain items neasured and

points of interest revealed by the results are discussed in section 6 below

5 ACCURACY OF EXTREME PROBABILITY ESTI MATES

VWhereas the probability distributions are correct for the sanples analysed,
the accuracy could be expected to degrade at low probability levels in relation
to nore accurate assessnents obtained fromlarger sanples, the practical limit
being the total nunber of landings recorded during the three years of Stage 2
CAADRP (i.e. approximately 1400 | andings per year on aircraft Type D] and 2400
on Type E])o Therefore the CG normal acceleration data from all hard |andings
gathered® by CAADRP on both aircraft types were included on the graphs of
Figs.9, 10, 30 and 31. These show the peak CG accelerations at initial touchdown
for levels of 0.8 Ag and above and provide a better estimate of the extreme con-

ditions net in service.

b OBSERVATI ONS  AND  COMMENTS

In general little difference between the two periods sanpled was evident
on either aircraft type; the nost significant being the CG normal accelerations at
touchdown and during the landing run on aircraft Type D 1 (see 6.5 and 6.8 below).

6.1 Height and height rate

Hei ght neasurenents on aircraft Type D, were obtained fromthe baronetric

1
instrument, the reading being relative to the level recorded during the Ianding
run but static vent position error corrections were not nade. The measurenents

on aircraft Type El were obtained from the radio altineter. Therefore the quoted



height of 150 feet refers to the height above the runway in the case of aircraft

Type D, and to height above the ground level beneath the aeroplane in the case

1

of aircraft Type E].

6.2 Gide slope, localiser and localiser rate

Below a height of about 200 feet the ILS (instrument landing systen) zero
signal lines often wander from the ideal glide path at many installations due
to beam reflections from local terrain and man-made structures. Therefore the

probability curves result from errors in both aircraft flight path and ILS zero
signal positions in space. The proportion due to each is not known and the
statistical analysis can only be regarded as of displacements of the pilot's

indicator from the zero DDM (md) position.

6.3 Flare initiation

The flare is the change in the aircraft's pitch attitude effecting a
reduction in the descent rate during the final 50 feet (approx) of the approach

aimed at producing an acceptably gentle touchdown.

The time of flare initiation was identified on the records by a sustained
or progressive displacement of elevator producing a rise in pitch angle and CG
vertical acceleration acconmpanied by a reduction in descent rate. Nevert hel ess
the initiation of flare was not always clearly defined, particularly where this

was applied gradually.

6.4 CG normal accelerations at initial touchdown

There was a notable inprovenent in the level of total peak accelerations
at initial touchdown on aircraft Type D1 in the second year period (see Fig.9).
At levels exceeding 0.34 Ag (increment above 1.0g datum) with a probability of

of 50Z the inprovenent was 0.1 g rising to over 0.2 g at 2% probability.

The peak ground-forced accelerations at touchdown (i.e. the acceleration
peak levels relative to the accelerations due to aerodynamic |ift, see section
6.5 below) in the second year sanple were inproved simlarly (see Fig.10),
suggesting that the inprovement was due to a decrease in descent velocity at
the noment of inpact. This my well be correlated with the 2 seconds (approx.)
longer spent in the flare, shown by Fig.5 (which nmay indicate touchdown further
from the threshold) and with a larger normal acceleration during the early part

of the flare.



Aircraft Type E exhibited little or no change between the sanpling
periods (Figs.30 and 31).

6.5 Gound-forced CG normal accel erations

These are acceleration peaks generated by direct interaction between the
ground and aeroplanes via the wundercarriages at touchdown and at subsequent
mul tipl e-i npact | andi ngs. On touchdown the peak ground-forced acceleration
was obtained by subtracting the acceleration due to aerodynamic lift from the
total peak Ievel. The neasured peak accelerations, however, included con-
tributions (often significant) at higher frequencies, probably produced by
excitation of airframe resonance nodes which affect the accelerometer records
up to the accelerometer system frequency response |imit3 (80% response
occurred at 20 Hz on Type D] and 15 Hz on Type H). It was inpracticable to
separate these higher frequency conponents from the fundamental frequency in
the large sanples studied owing largely to the insufficient resolution of the

records, but an attenpt was made for hard landings in Ref.3.

The probability distribution of ground-forced accelerations (Figs.10 and
31) was very simlar to the total acceleration distribution (Figs.9 and 30)
for both aircraft types at initial touchdown (considering the two periods com
bined) confirming the high probability of landing initially with an aero-
dynamc lift of 1.0g (absolute) shown by Figs.8 and 29; whereas Ref.3 shows
that hard | andi ngs occur with an average of about 1.1g (absol ute) aerodynam c
lift.

The acceleration due to aerodynamic |ift at the second landing inpact
(see section 6.6) was generally 0.1 g less than at the initial inpact (and
woul d usually be even less at any subsequent inpacts). This made the level of
peak acceleration at the second inpact at least as significant for undercarriage
and fuselage structures as that at the first inpact (conmpare Figs.10 and 16, and
31 and 37). Aerodynanic |ift at the second inpact was studied only for the
second period sanpled.

6.6 Mul ti pl e-i npact | andi ngs

A mltiple-inpact landing is defined, for the purpose of this study, as
one producing two or nore CG normal acceleration peaks caused by the wheels of
one or both main undercarriage units neeting the ground surface at different
instants. Thus, during the periods separating each inpact the aircraft my be
either totally airborne or partly supported by one main undercarriage. O the
| andi ngs whose inpacts are separated by periods of |ess than 1} seconds many

will be of the latter type and others (particularly those with low accelerations)



may not be displaying multiple impacts but heaving motions of the partially
airborne aircraft upon its oleos. Any such cases in the data unavoidably con-
taminated the results as, at the current state of the art, these were not

positively identifiable from the recordings.

Although some landings display a third impact and on rare occasions a

fourth, for economy of analysis only the first and second impacts were studied.

The results are presented as a percentage of the number of landings which
contained an identifiable second landing, except in Figs.17 and 18 where the
smaller sample sizes quoted were as a result of some traces being unresolvable.
The proportion of landings containing more than one impact were 52% and 28% in
the two periods respectively on aircraft Type D]; and 36% in each period on
aircraft Type E].

6.7 Pitch rate just prior to nosewheel ground contact

The mean pitch rate during the two seconds prior to the nosewheel con-
tacting the ground during each landing was measured (Figs.21 and 42). This
mean value was measured instead of the rate at the instant of nosewheel impact,
which would have been preferred, owing to the difficulty of measuring the slope
of a curved line, often of poor clarity, at the discontinuity in slope produced
by the nosewheel impact.

It was observed that some pitch rates were at constant rate over the last
two seconds while others were decelerated to a low rate by the pilot pulling back
on the elevator prior to nosewheel impact.

Therefore some measurements, and almost certainly most of the highest
values, represented the rate at nosewheel impact and can be used for assessing

nose undercarriage strength requirements.

6.8 Peak normal accelerations during landing run

The ‘landing run’ was the aircraft travel from the cessation of landing
impact(s) to completion of deceleration to a taxi speed of about 40 knots, or to
the termination of the flight record, whichever was the earlier. The flight
record seldom terminated above an airspeed of about 60 knots.

Distributions are shown for aircraft Types D] and E] in Figs.22 and 43,
respectively, for the probability of a landing run experiencing a single
positive peak normal acceleration equal to or exceeding each of various levels
and the probability of experiencing a single negative peak at various levels*.

Since a measurement threshold at +0.20 Ag was chosen only the distribution



In the case of aircraft Type D] (see Fig.22) there was a considerable

inprovenent in the second year period over the results of the first. In the
case of Type E (Fig.43) there was an insignificant change in the probabilities

of neeting positive values and a snmall inprovenent of about 2 to 1 on the

negative side.

The fatigue and ultimate load inplications of extreme positive acceler-

ations recorded during take-off on aircraft Type El are dealt with in Ref.4.

7 CONCLUSI ONS

A nunber of performance and flying control paraneters on two aircraft
types during the final approach and landing phases of flight were studied. The
results show the values of the paraneters that occur in the average case on
each aircraft type, together with exceedance probability estimates with a fair
degree of confidence down to about 5% probability. Below this level estimtes
are of doubtful accuracy and other data® should be used as appropriate. The
analysis of larger sanples should become feasible with the introduction of the
projected conputer processing of digital data from operational aircraft.

There was generally little difference in the results of the two periods
sanpled (above 5% probability) on either aircraft type, the nost significant

being the CG nornmal acceleration at touchdown on one aircraft type aircraft.
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Distance travelled from first impact to nosewheel impact
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