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SUMMARY

Continuous trace records of airworthiness data have been taken from a
small number of aircraft in normal airline service sinoce October 1962,

The acceleration trace on a sample of records covering 3284 flying
hours has been read to give peak values. The durations of the patches of
turbulence have been estimated and an attempt has been made to distinguish

between gust and manceuvre loedas.

The most severe of these patches of turbulence have been studied in
detail; it is found that the largest acceleration in a patch is often
larger than would be predicted from a Rayleigh distribution of peasks, which
is the distribution normally used in spectral analysis of turbulsnce.

* Replaces R.A.E, Technical Report 67106 - A.R.C, 29535
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1 INTRODUCTION

The collection of data on atmospheric turbulence affecting normal civil
operations is usually done in the U.K. by means of the Counting Accelerometer1.
Analysis of these records necessarily involves assumptions about the loads
ovar ahort time intervals. Wi?h continuous trace records it is possible to
study individual patches of turbulence in deteil and an attempt can be made
to dia@inguiah between gust and manosuvre loads.

It is the purpose of this paper to examine the pesk acceleration dis-
tributions of the most severe patches of turbulence taken from a sample of
GAADRP2 continuous trace records, and also to present the full acceleration
distributions of the sample. )

In addition, the accelerztions have been divided into manoceuvre and

‘turbulence, and the durations of the patches of turbulence have been measured.

The alrspeed trace at the time of a turbulence encounter can give an
indicetion of the degree of warning of turbulence, as the aircraft in question
have recommended rough air speeds whichdiffer from the normal operating
speeds. For each of the patches of severe turbulence presented in this Report

the degree of warning is discussed.
2 TYPE OF FLYING

The records enalysed were a random selection from three aircraft types.
A1l the airecraft are four engined pure jet civil transports and are fitted
with storm warning radar. )

Aireraft type III is a later version of itype I whilst type II i3 of a
d¢ifferent manufacture.

The number of flying hours and the routes covered by each type are as
follows:- '

Type I Flying from London to Europe, Africa, India, Far East,
882 hours Australia and South America.

325 flights

Type II Flying from London to Europe, Indias, Far East, Australia,
1351 hours North America and West Indies.

388 flights

Type III Flying from London to Europe and the near East.

1051 hours

686 flights



3 METHOD OF TRACE READING

3.1 Measurement

Each acceleration trace peak greater than 0.25 g increment was measured
according to the mean crossing peak count methods. This method ignores small
changes in acceleration by measuring the largest pesk between successive zero
crossings. In turbulence however, the trace becomes a series of alternate
positive and negative acceleration ievela; successive zero crossings cannot
be seen but, by measuring each peak, the mean crossing peak count method is
still in effect being used. The interval between successive acceleration
peaks of the same sign in turbulence is between 3 and 4 seconds. This does

not vary greatly unless there are manceuvres present.

3,2 Separation of gusts from.manoeuvres

The distinction between gusts and manoeuvres was drawn by taking
accelerations lasting more than approximately two seconds as manoeuvres. An
acceleration thought to be a manceuvre using the above distinction was further
examined in conjunction with the elevator trace. As there ia no simple
elevator hlsplacement—acceleration relationship, a particular manoeuvre was
confirmed if the elevator moved in the correct sense; this is thought to work
well for menceuvres in fairly smooth air. When flying manually at low alti-
tude there are often considerable elevator movements and associated accelera=-
tions and, although these are thought to be induced by the atmosphere, the '
loads have been classed as manceuvres, becmuse the significant loads are
clearly produced by the elevator movements, Within a patch of turbulence,
however, any manoeuvre contribution to the peak accelerations has not been
separated, and the total distributions of counts due to turbulence must

i

.necessarily include some manceuvres.

For the most severs patches of turbulence, which are presented separately,
the extent of manoeuvre contribution to the maximum acceleration increment

in-each patch is discussed.

3.3 Duration of turbulence

The duration of a patch of turbulence was taken as the time to the
neasrest 3 minute over which the counts were of fairly uniform frequency and
above 0,25 g increment., However, these criteria cannot be applied precisely
and the durations of individual patches are based on human judgment. This 1s



smoothed out to a large extent in the eddition of the individual patches to
form the total time spent in turbulence.

3.4 Acceleration counts

The' acceleration counts given in this paper are the number of -pesks
exceeding the specified level; that is the number of counts at say 0.5'g.
refers to actual values of 0.51 g and above in the case of a cumulative dis-
tribution. If the cumulative counts are differenced then the number of counts
at s8y/0.5 g is for actual accelerations of 0,51, 0.52, 0.53, Oa54 and 0.55 g.*

4 DATA

4«1 Presentation

“ 'The cumulative distributions of acceleration counts for each aireraft -
type were obtained for both positive and negative gust-and manoeuvre loads 'in
¢limb, cruise-and descent.. These data are given in Tables 1-3. Figs.1-4
represent data from aireraft type I, Figs.5-8 from type II and Figs.9-12-from.

type III.

4.2 .. Tirbulence encounters

Figs.1, 5 and 9 are plots using data from Tables 1-3 of the cumulative
distributions of acceleration increments due to turbulence (log counts
against g) positive and negative increments being taken together. The patches
of severe-turbulence which form the high g end of these distributiors -were
selected for further study as-follows:-

Aircraft type I ~ patches containing over 0.80 g increment
Aircraft type II -~ patches containing over 0.60 g increment
Aircraft type IIT - patches containing over 0.75 g increment.

The' use of the above selection levels _produced a total of 24 patches of . -
turbulence which are described individually in parasl.5.

The distributions obtained by the summation of these patches for each
aircreft type are given in Figs.3, 7 and -11 whilst the distributions resulting
from the remaining turbulence which has not been divided into separate
patches are given in Figs.2, 6 and 10, a

*These countiné‘levels have been used for the distributions although to be_ -
precise the levela should have been 0.495,  0.505, 0.515 g.etc., but the
accuracy of the original data does not warrant this refinement.



4¢3 Manoeuvre loads

The manoeuvre data in Tables 1, 2 and 3 are plotted (log counts
agelnat g) in Figs.h, 8 and 12, and show positive and negative loads for
each airoraft type in climb and descent., The oruise manoceuvre loads have not
been plotted as these are too few in number,

On & visusl asseasment, without fitting calculated distributions, the
plots show an exponential distribution with a lower severity than for the
turbulence distributions.

Lely Duration of turbulence

Distributions of durations are given in Table 4 for all patches of
turbulence and for the 24 most severe petches which had been separated using
the method given in para.4.2. This table was used to give Pig.13 which shows
the number of patches per hour of duration ¢t minutes or more plotted .
againat +t.

In gddition, the durations of the patches have been summed for each
aircraft type and flight phase, and the percentages of time spent in turbulence
in climb, cruise and descent are given in Table 5.

It should be noted that these durations are for turbulence patches con-
taining over 0.25 g increment. If a.lower g level was used, many of the
short patches would join to form longer patches and some extra patches would
be included, thereby changing the distribution presented here.

Le5  Studies of the most severe patches of turbulence

The circumstances giving rise to the 2h’patches of turbulence separsted
by the method given in para.i.2 are described individusily. The equivalent
gust velocity,(forla 100ft remp shaped leading edge gust) corresponding to the
largest acceleration in a patch is given only where there is no manoeuvre
contribution to the largest count.,

Reproductions* of the original traces are given in Figs.14-37.

Alroraft type I' ~ 8 patches a to h

Aircraft typs I normally cruises in excess of the recommended rough air
speed, and if severe turbulence is suspected the airspeed is reduced.

*Definition is necessarily lost in reproduction of the traces and many
acceleration splkes can only be seen on the original record. The largest
spike has been marked by a dot. .
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The airspeed handling oan thus be taken as an indication of the degree of
warning aveilable to the pilot. Information concerning height, weight, speed
and acceleration counts is given in Table 6.

. (Ia) Sector: KXuala Lumpur - Singapore (See Fig.14)

During climb out in generally heavy turbulence the airspeed was held
down before the largest acceleration (+0.80 g) was encountered. Any manoeuvre

contribution appears to be small.
(Ib) Sector: Nairobi = Khartoum (See Fig.15)-

A sudden short patch of severe turbulence was encountered during an
otherwise normal climb out. The airspeed was reduced after the largest
acceleration (+0.85 g) was encountered and it is likely that this patch
cocurred without warning. There is no elevator input and the largest incre-
ment is more in the nature of a discrete gust. The equivalent gust velocity
is 32 £t/sec.

(Ie) Sector: Colombo - Kuala Lumpur (See Fig,16)

The normal cruise airspeed was reduced slightly, because of moderate
turbulence, about 3 minutes before the most extreme acceleration (=0.80 g)
was encountered, but thls severe patch apparently occurred without warning.
There is & rapid elevator input corresponding to the most extreme acceleration,

which may have increased the maximum increment.
(Id) Sector: Darwin - Sydney (See Fig.17)

A completely unexpected patch of turbulence followed a long period of
smooth cruise. The airspeed was reduced during the event, but was Increased
again af'terwards. There is some elevator input which eppears to have moved
the, g trace in the positive direction and probably increased the maximum
increment (+0.95 g) by about 0.2 g.

(Ie) Sector: Recife - Sal (See Fig.18)

The normal cruise airspeed was reduced five minutes before the encounter,
showing that some warning was available. There is a small elevator input
corresponding to the largest acceleration (+0.90 g), but the manceuvre pro-
duced by this is probably less than 0.1 g.



(1f) Sector: Kuala Lumpur - Colombo (See Fig.19)

The airspeed was reduced 24 minutes before the event, at the start of a
turbulent desgent, and the degree of warning cannot be assessed. There 1a
some elevator movement corresponding to the most extreme acceleration {=0.95 g)
and this may have contributed about O.4 g to the increment.

(Ig) Sector: Melbourne - Brisbane (See Fig.20)

During the initial part of descent, following a period of smooth oruise,
turbulence was encountered which was almost certeinly unexpected, as the air-
speed was reduced after the event., There is no elevator input corresponding
to the maximum acceleration (+0.90 g). The equivelent gust velocity is
36 ft/sec.

(In) Sector: Colombo - Bombay (See Fig.21)

The descent airspeed was reduced before the event and was further
reduced after the event, making it difficult to assess the degree of warning.
There is no elevstor input corresponding to the maximum acceleration (+0.80 g)

and this patch is similar in character to patch b, with an equivalent gust
velocity of 42 ft/sec.

Airoraft type 1I - 41 patches a to k \

Airoraft type Il normelly cruises below the recommended rough air speed
and little indication of the degree of warning of turbulence is available
from the airspeed handliing.

Information concerning height, weight, speed and acceleration counts is
given in Tsble 7.

(IIa) Sector: London - Frankfurt (See Fig.22) .

The climb out airspeed was reduced slightly before the most extreme
acceleration (~0.65 g) was encountered. The counts are displaced to the
negative side by about 0,1 g manoeuvre, and this probably increased the

increment.
.(ITb) Sector: Delhi = Bangkok (See Fig.23)

This was a climb out in turbulence and the loads are a mixture of gust
and manoeuvre. The patch of turbulence contains some manceuvre loads, but
the most extreme acceleration (-0.60 g) has the character of a gust, 1t is
rnot possible to assess the menceuvre contribution to this acceleration, or the
degree of warning,.

1C
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(IIc) Sector: Darwin - Hongkong (See Fig.2h)

Turbulence was encountered following a period of smooth cruise and was
probably unexpected. The largest acceleration (+0.65 g) has little manosuvre
contribution, but the other accelerations contain a considerable amount of

Mmanoeuvre.
(IId) Sector: Manila = Sydney (See Fig.Z25)

A short extremely severe and unexpectéd petch of turbulence was
encountered following a period of asmooth cruise. The initial elevator move-
ment occurs just before the most extreme acceleration (-0.95 g), which prob-
ably contains no manoeﬁvre contribution. The equivalent gust velocity is
68 ft/sec.

(IIe)  Sector: New York - London (See Fig.26)

Continuous turbulence lasting 24 minutes was encountered during cruise.
The counts presented in Fig.41 are for the period of highest intensity which
lasted h% minutes. There are elevator inputs throughout the patch, but: these
do not appear to have influenced the two most extreme increments (-0.80 g and
-0.85 g)« The equ%valent gust velocities are 46 and 49 ft/sec respectively.

(1I£) Sector: Calcutta - Singapore (See Fig.27)

Towards the end of a period of light turbulence, a patch of greater
severity wes encountered. The normal cruise airspeed wes reduced dwuring the
event, so it is probable that this intensity was unexpected. There is no
elevator input corresponding to the most extreme acceleration (=0.60 g)e
The equivalent gust velocity is 42 ft/sec.

~

(IIg) Sector: London - New York (See Fig.28)

This seven minute period of turbulence, which occurred in cruise, has
been treated as one patch, but could also have been regarded as several
shorter patches. The largest acceleration in each short patch 1s in the
nature of an isclated gust and any manoeuvre contribution is smell. It ia
not possible to assess the degree of warning,

(IIn) Sector: Frankfurt - Zurich (See Fig.29)

Durang the descent, the airspeed was reduced before the largest accelera-
tion (+0.70 g) was encountered and it is probable that some warning was avail~
able., There is some elevator input which may have Iincreased the maximum

increment.
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(ITi) -Sector: Bahrain = Delhi (See Fig.30)

The airspeed was fluctuating during this part of the descent; and it is
ifficult to assess the degree of warning. There is an elevatog input
corresponding to the most extreme acceleration (-0.70 g) which may have contri-

buted to the increment.
(I15) Sector: Beirut - Rome (See Fig.31)

A patch of turbulence was encountered during the descent, producing an
extreme increment of ~0.60 g, of which about 0.2 g was manoceuvre. The degree
of warning cannot be assessed, in fact the airspeed increased during the

encounter,
(IIx) Sector: Hongkong - Bangkok (See Fig.32)

The last part of the descent was carried out in general turbulence, and
there is considerable elevator activity. It is not possible to assess either

the manoeuvre contribution to the most extreme increment (-0.60 g), or the

degree of warning.
Airoraft type III - © patches a to e

Aircraft type III normally cruiseé in the region of the recommended rough
air speed but an indication of the degree of wérning of turbulence is available
from the sirspeed handling. Information concerning height, weight, speed and
acceleration counts is given in Table B,

(IITa) Sector: Madrid - London (See Fig,33)

A patch of turbulence was encountered during climb which produced an
extreme increment of =0.85 g. There was probably no warning of the event as
the airspeed, which was incréasing at the time, was held down afterwards. Any

manceuvre contribution is small.
(IIb) Sector: Naples - London (See Fig.34)

The airspeed was increasing during climb at the time of the largest
acceleration (+0.75 g}, but was reduced afterwards. Al though some turbulence
was present before the event, it is unlikely that this severity was expected.
The maximum increment contains about 0.2 g manoeuvre and the aircraft may have

been in a turn. . -
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(ITIo) Sector: Rome -~ Paris (See Fig.35)

The normal cruise airspeed was reduced before the turbulence was
encountered, indicating that some warning wes available. An elevator move-
ment corresponding to the most extreme acceleration (=1.20 g) may have contri-
buted to the increment.

(IIId) Sector: London = Athens (See Fig.36)

‘ Moderate turbulence, for which the normal cruise airspeed was reduced,
was encountered some 10 minutes before the severe patch, and it is not possible
.to asgsess the degree of warning. The turbulence is superimposed on a 0.1 g
mangeuvre cscillation of 2 cyclea/hin, and the largest increment (+0.75 g) may.
contain C.1 g manoeuvrae,

(IITe) Sector: London = Gibralter (See Fig.37)

The airspeed during descent was reduced two minutes earlier for a patch
of turbulence which was probably unexpected. The airspeed was still at the
reduced level when the second patch was encountered. There is no elevator
input corresponding to the most extreme acceleration (~0.80 g). The equiva-
lent gust velooity is 25 ft/sec.

5 DISCUSSION

T% | Peak distributions of the most severe patches of turbulence

The crossing distribution of & stationary random Gasussian process of
rms & oan be desoribed; by the following expression:-

N = N, exp (- f;) | (1)

where No is the number of positive slope gzero crossings
Nx is the number of positive slope x orossings.

If the response of an aircraft to random excitation is linear, then
expression (1) will describe the normal acceleration history of an aircraft

over a short constant rms value intervel, if the turbulence is Gaussian in

,character.

In order to compare the patches of severe turbulence in this Report with
(1), it is necessary to make two assumptions, as crossings have not been
counted. The first is that expression (1) is a good approximation to the
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cumilative distribution of peak values. This has been investigated by Press

and othersh who consider that for gust loads on flexable aircraft, the use of
expression (1) to derive the peak distribution gives values 10-15% low at

% = 1 and 2-3% low at f = 2. The second assumption is that the mean crossing
peak count method gives values compatible with e full peak count, and this is
shown to be so in Ref.5.

If a patch of turbulence follows expression (1), i.e. a Rayleigh dis-
tribution, then the plot of log counts (N) against acceleration increment
squared (x2) is & straight line of slope 2a2. Figs.38-44 show such plots for
the patches of severe turbulence described in para.4.5, together with fitted
Rayleigh distributions of rms a. The dastributions were fitted by maximum
likelihood through the largest values of N, using the followang expression to

obtain a:-
N

) s

N

ooN

a® = 1
T2

where c¢ is the distance from zerc to the x counting threshold; in this
case 0.25,

Figs«38-44 also show for each plot a value of P, which is the prob-
ability that any other patch of turbulence with similer values of a and N
will contain an increment exceeding the observed maximum xh. Values of P

were obteined as follows:-

Probability that a single random value exceeds x 18

A
2.2 ﬁ
“n
axp (}'——75——) . (2)
2a

From (2) probability P that at least one of N random values exceeds x is

( 02 - xi N
1 =[1=exp <;————*-{>> .
2&2

10€
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In view of the small number of counts in some of the patches, the
precise values of a and P should be treated with caution, but it can be
seen that 22 of the 24 values of P are less than 0.5, and that 14 are below
0s2. In some instances, as stated in para..4.5, the largest acceleration in a
patcﬁ can be caused by a manoeuvre contribution to an already large gust load,
but it is thought that patches Ib, Ig, Ih, IId, Ile, IIf and IITe contain no
such contribution.: For these seven patches, all the values of P are less
than 0,5 and 5 values are leas than 0,2,

The difference between the largest-cbserved increment and the expected
maximum has been calculated for each of the 2l severe patches; on average
the largest increment is about 30% greater than expected for both the

manceuvre influenced and pure gust cases.

The severe patches examined in this Report were picked out on a maximum
load basis only, but it is possible that there are other patches of turbulence
of similar mean severaty where the largest load did not meet the selection

criterion.

5.2 Warning of turbulence

The deductions made in para.h4.5 regarding the degree of warning of

turbulence are summarised below:=

—

Aireraft type I - 4 patches unexpected, 2 patches expected and 2 patches

where the alrspeed was already reduced because of turbulence met previously.

Asrcraft type II - 3 patches unexpected, 3 patches expected. For the

remaining 5 patches, it was not possible to assess the degree of warning.

Aircraft type IIT -~ 2 patches unexpected, t patch expected and 2 patches

ﬁhere the airspeed was already reduced becsuse of turbulence met previcusly.

Thus approximately LO7% of the turbulence patches which produced the
largest loads on these aircraf't were encountered without warning.

6 FURTHER WORK

This paper has 1sclated on a méxiéum load basis the most severe patches
of turbulence which were encountered in a relatively small number of hours.
It is hoped to isolate the most severe patches of turbulence from CAADRP
records covering approximately 40000 flying hours, but only simple measure-
ments of the type used in this paper can be made on each patch.
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The introduction of mandatory recorders brings within reach 100 000 hours
per year of more comprehensive data from each aircraft type; airspeed, height
and heading are recorded every second together with pitch and acoceleration
every fifth of a second., If a simple method can be devised for finding the
most severe patches of turbulence, then a more refined study can be made on
each patch, but no information will be available on structural modes of vibra-
tion. In order to derive maximum benefit from such a study a pilot and
meteorological report would be required.

7 CONCLUSIONS

From an examination of 24 of the most severe patches of turbulence
experienced in 3284 hours of normal civil operations, the following conclu-
sions can be drawm.

(1) The largest acceleration in a patch is on average about 30%
greater than would be expected from a Gaussian distribution. This can be
caused by a manoeuvre contribution to the largest load in a patch having
random characteristics, but the primary explanation must be found elsewhere.

(2) Nine of the twenty-four patches of turbulence examined occurred
without warning as to their severity. Thus, although the technique of
reducing airspeed in turbulence benefits fatigue life and passenger comfort,
it cannot ensure that the largest gusts are slways met at the reduced
airspeed.
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Table 1

CUMULATIVE DISTRIBUTIONS OF ACCELERATIONS FOR

ATRCRAFT TYPE I - 325 FLIGHTS

Flight
phase

Clamb

Cruise

Descent

Duration

148 hours

611 hours

125 hours .

Duration
of
turbulence

32 minutes

90 minutes

61 minutes

Acceleration

exceeded
(&)

Gust

Man

Gust

Gust

. Man

+

- + -

+

+

- +

0.25
0.30
0.35
0.40
O.45
0.50

0.55
0.60

0.65
0.70
0.75
0.80
0.85
0,90
0.95
1.00

117
79
38
23
11
10

woFW»

- N N N

101 [ 123 | 65

66 | 53| 23
57| 15
22 8
13

= N W O

= W £ wum

228 {194
132 | 85

-~ N
W

\n
\n
=
~J
= 3

- = O W W W W W W Y

~J
\n
o

4.;.;-;\,4.[:-0\8

-t Q\m
g I S BN R« SN IR Vo I N 35 O =

239 [190 | 345
155 | S |176

62 | 53
30 | 20
19 4
11| 1
7
3

ey - - — Y -t -k

108
40
10
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Table 2

_CUMULATIVE DISTRIBUTIONS OF ACCELERATIONS FOR

ATRCRAFT TYPE II - 388 FLIGHTS

Flig@@ .
Phase ~

Climb

Cruise

Descent

. Duration:. -

A

142 hours

1038 hours

171 hours

. Duration
of :
turbulence

3

7 minutes

84 minutes

LI minutes

lcceleration
- -gxceeded-
- {g)

Gust Man

Gust

Man

Gust

Man

+

- +

+ -

+

+

* -

© 0425

' 0430

" 035
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95

-1 20 |-217

A3 [105

10

'—*I\)NI\JI\JO\'\O

125
53
21

o

190 {253
96 |154
37| 83
16 | 1

30

LS U VI« ASRR Y <
—
F

= S N W W WO

10

1

162
103
53
39
22
14

NN oW

145
95
52
35
18
1

T O P Y

379 | 132

204 | 54

63| 19
30 3
10 1
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Table 3
CUMULATIVE DISTRIBUTIONS OF ACCELERATIONS FOR

ATRCRAFT TYFE III -

FLIGHTS

Flight
phase

Climd

Cruise

Descent

Duration

215 hours

609 hours

227 hours

Duration
of
turbulence

33 minutes

70 minutes

47 minutes

Acceleration
exceeded

(g)

Guat

Man

Gust

Man

Gust

Man

+

+

+

& -

+*

+

0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20

247
125
I

O T Y I -

129
78
46
25

-
\n

B VIS Y. .

455 |283
203 1108

82
27
11

2

36

NN
280
180
97
60
35
21
13

NN W WU W

387
227
130

-

1313
1212

- a2 N

323
222
148
77
42
23
13
10
5

3

214
119

“nvnwoow PRI

770
354
155

N R - R

259

29
13

17
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Table 4

DISTRIBUTION OF DURATIONS OF TURBULENCE PATCHES
FOR ALL AIRCRAFT

Duration 1 1 1 1 1
of paton  |FEB| Z |1 1E| 2j2 |3 |3z]4 ke 10
Total number
Number of
severe patches 8 6 4 211 1 !
Table 5
PERCENTAGE OF TIME SFENT IN TURBULENCE
Climb Cruise Descent
Type I 0.36 0.25 0.83
Type II 0.08 0.13 0.&-3
All airecraft | 0.24 0.18 0.49




106

AIRCRAPT TYPE I - TURBULENCE PATCHES CONTAINING 0.81 g

Table &

INCREMENT OR OVER

Patech

b Io

Id

Is

Ig

FPhase

CL CR

CR

CR

DES

DES

DES

Duration
minutes

2z

N_l.

Adroraft
height
£t x 1000

9.2 |34.2

3.0

32.3

6.0

29.0

23.6

Alroraft
waeight
kg x 1000

62 51

61

52

53

53

Indicated

airspeed
knots

212

263 | 2u0

265

235

220

260

220

Recommended
rough air-
speed knots

208

210

&
o

219

228

211

213

213

0.25
0.30
0.35
0.40
0.4i5
0.50
0.55
0.60
0.65
0.70
0475
0.80
0.85
0.90
0.95
1.00

23

e e T T T N RN |

T PP R VTR C T I .

o e S NN NN N W W O,

- s N
O W o\

B " T N U S T L WY i « o

- -k
£ e

B e P N = T LV IR TR i .

S Y Y LTI - B IR € IRV, IRV TR,

P R . S T P P S S L R W R W R .}

Acoeleration
increment

(&)

Number of times amcceleration exceeded
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Teble 7
ATRCRAFT TYPE II - TURBULENCE PATCHES

CONTAINING 0.61 g

TNCREMENT OR OVER

Patch

Iia

ITb

IIe IT4a

ITe

IIf

I1g

IIh

ITi

ITj

ITk

Phase

CL

CL

CR CR

CR

CR

CR

DES

DES

DES

DES

Duration
minutes

nf-=

M
N.‘

ol

yo!..&

Aircraft
height
£+ x 1000

9.5

3.2

4040 | 33.8

38.0

33.0

15.0

Lot

12.6

8.4

Aircraft
weight
kg x 1000

97

105

98 | 111

98

102

117

N

89

88

Indjcated
airspeed
knots

252

256

250 | 274

288

259

288

262

268

258

Recommended
rough air-
speed® knots

280

280

278

R

278

254

280

280

280

280

280

0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0,70
C.75
0.80
0.85
0.90
0.95

= =S o O

e e A" I . T - I

= =S NN W W

[ O N (L U S O T TR Y R TR R R [N R ¥

37
33
22
17
12

= N NN N NN

11
10

O ST SR |

P R UYL T« ANV, T

17

10

RN NN WO~

JENY
O \»n

= N W WU

35
29

(LS I AN Vs AN B oV

= N F RN

Acceleration
increment

(s)

Number of times acceleration exceeded

*The Flight Manual recommends approximately 280 kt ias or 0.8 M, whichever

18 the lower.
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ATRCRAFT TYPE ITI - TURBULENCE PATCHES CONTAINING 0.76 g

Table 8

INCREMENT OR _OVER

Patch

IIIa

IIIb

IT1c

IIIa

IITe

Phase

CL

CL

CR

CR

DES

Duration
minutes

*

Alrcraf't
height
£t x 1000

Beb

5¢5

32.0

3.4

8.8

Alrcraft
weight
kg x 1000

61

63

58

52

Indicated
airspeed
knots

286

268

255

250

270

Recommended
rough air-
speed knots

8

280

25

250

280

0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
OI 70
0.75
0.80
0.85
0.%0
Oo 95
1.00
1.05
1.10
1.15
1.20

R e R e e I il s N

- S SN

 omh eh oad b = ANAN OVNON D

33
k)

el M VI g -

O T O N SRV . .y

Acceleration
increment

(&)

Number of times acceleration

exceeded
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Turbulence encountered by Comet 1 aircraft.

~ A.R.C, C.P.248 January 1955
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R.A.E. Technical Report 64004 (A.R.C. 26490)
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A.R.C, C.P. Noo97L 629.135.2:

June 1967 656.7.091.26:
551,551

G.E, King 629,13.097

CIVIL AIRCRAFT AIRWORTHINESS DATA RECORDILG PROGRAME
STUDY QF SEVERE TURSULENCE ENCOWNTERED BY CIVIL AIRCRAFT

Continuous trace records of alrvorthiness data have been taken from a small
number of aircraft in normal airline service since October 1962,

The acceleration trace on a sample of records covering 3284 flying hours
has been read to give peak values. The durations of the patches of turbu-
lence have been estimated and an attempt has been made to dlstinguish
between gust and manoeuvre loads,

The most severe of these patches of turbulence have been studied in detail;
it 1s found that the largest acceleration in a patch is often larger than
would be predicted from 2 Raylelgh distribution of peaks, vhich is the
distribution normally used i{n spectral analysis of turbulence,

A.R.C. C.P. No, 904 629,135.2:

June 1907 656.7.091.26:
551.551:
G.E. King 629.13.097

CIVIL AIRCRAFT AIRWORTIIINESS DATA RECORDIIN: PROGRAIME
STWY OF GEVERE TWRZULEXNCE EICOWITERED Y CIVIL AIRCRAFT

Continuous trace records of airworthiness data have been taken fram a amall
number of aircraft in normal airline service since October 1362,

The acceleration trace on a sample of records covering 3284 flying hours
has been read to give peak values. The durations of the patches of turbu-
lence have been estimated and an attempt has been made to distinguish
between gust and manoceuvre loads.

The most severe of these patches of turbulence have been studied in detail;
it s found that the largest acceleration in a patch is often larger than
would be predicted fran a Rayleligh distribution of peaks, which i1s the
distribution normally used in spectral analysis of turbulence,

A.R.C. C.P, No.974

629.135,2:

J 1 .

une 1967 656.7.091,26:

G-E. King 551.551:
629.13,097

CIVIL AIRCRAFT AIRWORTINESS DATA RECORDING PROGRAIME
STUDY OF SEVERE TURBULENCE ENCOUNTERED Y CIVIL AIRCRAFT

Continuous trace records of airworthiness data have been taken from a small
number of aireraft in normal airline service since October 1962,

The acceleration trace on a sample of records covering 3284 flying hours
has been read to give peak walues, The durations of the patches of turbu-
lence have been estimated and an attempt has been made to distinguish
between gust and manoeuvre loads,

The most severe of thess patches of turbulence have been studied In detall;
it is found that the largest acceleration in a patch 1s often larger than
waurld be predicted from a Raylelgh distribution of peaks, which {3 the
distribution normally used in spectral analysis of turbulencs.

SQUYD Lovulsdy FTEVHOVIAQ









C.P. No. 974

© Crown Copyright 1967

Published by
HER MAJESTY’S STATIONIRY OFFICE

To be purchased from
49 High Holborn, London wcl
423 Oxford Street, London w1
13a Castle Street, Edinburgh 2
109 St. Mary Street, Cardift
Brazennose Street, Manchester 2
50 Fairfax Street, Bristol 1

258-259 Broad Street, Birmingham 1
7-11 Linenhall Street, Belfast 2
or through any bookseller

C.P. No. 974
$.0. CODE No. 23-9017-74



