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SUREARY

Data ere preseénted on the numboer of load cycles of wvariocus magnitudes
ocourring 1a the tailplans of a Comet TA duwring normal ground and flight
condations., The conditions inelude flight in turbulence, take-orf,
landing, taxying and ground ruaning of the engine. The relative imporiance
o' the loads in the dafferent condatwions s 1llustrated by reference to

the leads in a typical flight.
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1 Intreduction

In June, July and August, 1954, flight tests were made on & Comet IA
to obtain information on the fatigue loads in the tailplane, This note
presents the information obtained. It conforms with a series of notes
that deacribes in ferms of nunber of occurrences the spectrum of ground
and flight loads an the tailplenes of different eircraftls©, An snalysis
of 'th% power spectrum of the tail loads is given in & separate report by
Jonss4,

2 Description of {light tests

A briel account of the instrumentation and flight tesis is given in
Appendix I, The maan load meassurements were bending moments sbout the
tailplane roots; shear loads at the roots wers also measured as a check
on spanwise load distrabution but the results were only analysed for a
few ocases, Measurements wers obtained by means of electric resistance
strain gauges and continuous recording eguipment, The signals from straan
gouge bridpges on the front and rear spars were combined electrically in
certoin proportions to give signals viriually independent of the chordwise
positron of the centre of presswe., Loads were recorded during flight in
turbulence, texying, take-off, landing, and ground running of the enganes.
The loads in turbulence were measured in the height band 3,000 to 7,000 £i
at two c,g. positions, and at four airspeeds at the lowest of which one-
third flap was used, When flyaing in turbulence, acceleration at the air-
craft c.g, was also recorded so that the relationship of the tarl loads
to the c.ge. accelerations, and hence to the gust velocities, could be
ascertained, The term "c.g. acceleration" is used for conwvenience through-
out the note but it must be understood that the acceleration concerned is
really the reading of an accelerometer mounted rigidly at the centre 1line
of the aircralt structure so that any dynamic effects due to flexibilities
of' the structuwre are aincluded,

3 Presentation of Results

Information on the loads and accelerations measured 1s tabulated in
terms of numbers of load and acceleraticon ranges exceeding various magni-
tudes (Tables I to III). The method of cownting the rangss 1s dsscribed
in an earlier notel., The term range ig defined in the normal manner and
is twice the altermating load or acceleration, Changes of load on lowering
the flaps and opening the dive brakes are given in Tsable IV.

In order to summarize the information the numbers of load ranges
exceeding various magnitudes are shown for the component conditions of a
typacal £light (Fig.3)., Chas £light is based on airline usage and consists
of 42 seconds of engine running at full pover, 40 minutes taxying, a take-
of’f, 2% howrs flight - 70 minutes of which 1s spent at 35,000 to 40,000 f%,
and & landing. Details of ihe estimation of the loads for the component
conditions are given in Appendix IT,

The graphs of Fi1g.5 have been prepared so that the taalplane loads in
turbulence can, i required be related to operational data on gust
frequencies. The curves show the relationship between tazl load and gust
valocity ranges that are exceeded the same number of times at various air-
specds and c.g, positions. The loads have been divided by the appropriate
airspeed in an attempt to elumnate, as a farst approximation, the elffect
of that quantity. The gust velocitics sre derived from the measured c.g.
accelerations using gtandard allcviation factors.

Iy Discussion of Results

() Tailplane loads in typical flight

Fig,3 shows the tailplane root bending moment cycles in the compament
conditions of the typical flight, The occurrences shown sre mean values
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for the port end starbosrd sides (considered separately, results for the
two sides differ little). 1t 1s spparent that, for ranpes greater than

1 x 105 1b ins, turbwlence and landingz are the major sources of fatipue
loads, Load occurrences in these two conditions sre almost equal in
nurber, a bending moment range of 1,64 x 1057 1b ins (the calculated bend-
ing moment range for a gust velocity range of 20 ft/sec at 220 kts E.A,.S.)
ccourring 8 and 6,8 times respectively in turbulence and landing, Ior
ranges of less then 1 x 105 1b ins texying and engine running sre the
major sources of fatigue loads but the fatigue damapge at these low load
levels is unlikely to be sigilficant, Takewoff loads sre comparatively
unimportant at all levels.

When the tailplame root bending moment ranges are plotted as a per-
centage of the corresponding ultimate bending moment™ the load levels are
found to be satisfactorily low (see Pag.h).

(21) Relationship between tailplane loads and gust velocities

Fig.> shows the relationship between tailplane load ranges and gust
velocity ranges exceeded the same number of times,., Except at the lowest
speed of 130 kts when one-third [lap is used, there teands to be a linear
relationship independent of airapeed between tailplane loads (divaded by
E.A.8,) and gust welocities. This relationship is, however, not andepen-
dent of c,g, position, the tarlplane load for a given gust being about 15%
smeller at the o,g. Torwerd position (0,9 £t forward of datum) than at
the c,g. aft posaition (C.746 £t aft of datum). Prom theoretical consider-
ationsi the increased longitudinal stabalaty at the c.g. forward position
might be expesoted to resvlt in smaller tail loads as was found to be the
case in practice.

When flying at 130 kts end one-third {lap, the tarlplane load
(divided by B.A.8.) for a given gust is greater then in the gencral cease
perhaps due to taalplane buffeting ascociated with the use of flaps,

(121) Spanwise distribution of tailplane load

The ratio of root bending moment to root shear lead duraing flight in
turbulence and diring landing wag some =0,,** greater than that calculated,
indicating s greater concentration of load cutboard in practice then in
theory, The concentration of load outboasrd is prebably due io inertia
loads araising from oscillations excited by pgusts and ground buffeting.
These oscillations were nsglected in the theoretical estimate of load
dastribution whereas in practice they have a marxed ef'fect on the loading
(see typicel record of Fig.s),

5 Conelusions

Information on leoad cycles likely to produce fatigue damage in the
taalplene of a Comet IA during operational flying has been obtained in
special flight tests, The results show that the ground loads are as
important as the loads in turbulence, Nost of the ground leoads ocour
during landing but texying and ground engine ruwming produce acre small
loads Yhan other ground conditions; the fatigue damapge duo to these small
lpads, however, is unlikely to be significant, The loads in take-off are
comparatively unimportant at all load lovels.

A simple linear relaticnship is found to exist between tailplene load
renges (davided by E.A,S.) end vertical gust velocity rangee exceeded the

* The ultimate bending moment is t aken to be the root B,M., an the static
test at the instant ol failure namely 12 x 105 1b ins, Since foilure
occurred some 35 £t outboard of the root the true ultimate failing B,M, at
the root 18 reelly greater than 12 x 105 1b ins.

=% Inaccuracles in the measurement of shear licads de not allow precise

statements
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same number of times in turbulence., This relationship is independent of
airspeed but varies with o.g. positzon, a forword movement in c.g. positaion
of 1,65 % producing & ceduction in tail load of sbout 15.. This reduction
in t21l load is probobly due to the increased longitudinal stability at

the forward c,.g. position,

An exception to the general linear relation-

ship occeurs at 130 kts, onc-thard flzp, when the tail load (divaded by
E.AS.) for a given gust is greater tham in the general case, probably due
to tailplane buffeting arising from the use of laps.

No, gg_i:.hor

1 A, Burns
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APPENDIX T

Flight tosts

Imstrumentation

British Thermostat strain gauges were attached and waterproofed with
Arsldite special strain gauge cement at the stations shown in Fig.2. The
signals from the gaupes were fed into MdMichasl carrier wave amplifiers
and thenece to a juncbion box where signals from front and rear spars wers
combined in such proportions that the final signals were virtually
independent of the chordwise c.g, position. The combined signals wers
then recorded on a Films and Equapment 12 channel recorder,

The stepped trace from a Type I.T.6~1 accelerometer mounted on the
fuselage floor near the aircraft c.g. was recorded on a Hussenot recorder;
arrangements were made to synchronise the two recorders.

Calibration

The strain gauge signels were calibrated darectly in terms of load
during ground calibration tests an which vertical loads were applied to
the tailplane through three wooden frames contoured to the tallplane
section, By means of these frames concentrated loads could be applied at
various chordwise and spanwise positions on the tailplane, The signals
from the front and rear spars were first recorded separately and the best
multipliers for combining them then determined on the lines of the
procedure developed by Skopinski, Aiken and Hustlon®,

Test Mlying

The aircraft was flown throuvghout the tests at all-up-weights vary-
ang between 60,000 1b and 102,000 1b, Turbulence was recorded at weights
of 68,000 1b to 81,900 1b, landing &t weights of 50,000 1b %o 79,000 1b,
and take-offs at weights of' 72,000 1b to 81,000 lb, Dwing each flight
the c.ge was maantained sensibly constant at one of two positions, either
C.786 £t or 0,9 £t forward of the datum (c.g. limits 0,815 £t al't to
0.858 £t forward of datum)®, There was some indication that the tailplane
loads were more severe for landings made at the heavier weights, No
significant difference in landing loads was observed for the two c.g.
bositions, One flapless and one heavily braked landing were included in
the analysis but the results for these landings did not differ signifi-
cently from the results for normel landings (there was considereble
scatter in the results for normel landings), Landings end take-offs were
made at Parnborough and at Hatfield where the runway was considered to be
particularly rough; no significant difference could bs observed, however,
in the results obtained. TFor pwrposes of analysis a landing was defined
as & period of 35 seconds starting from the instant of touchdown,and a
take~of'Y as a period of 30 seconds ending 10 seconds after the aircraft
bacame alrborne,

Turbulence was recorded flying straight and level at altitudes
between 5,700 and 7,400 £t above m,s.l, except for one sample at 180 kts,
c.ge af't, when the height was 3,400 7., All the turbulence was found in
or below small cumulus e¢loud. Results given in thig note refer to turbu-
lence recorded when the aircraf't was being flown by the palot and not on
autopalot., Anelysis of records (not included in this note) taken with
and without the autopalot, in conditions as nearly identical as possible,
showed no significant differcnce in the relationship between tallplane
loads and gust velocities.

* The forward c.g. position was some 4 in, outside the normel c.g.
Limits,
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APPENLIX IT

Estimation of load occurrences in typical flight

Take-of'f and landing

The numbers of occurrences of the tailplane loads for the take-off
and lending of the typicel flight were obtained by averaging the flight
test results. Ten londings were averaged end three take~offs., It was not
considered worthwhile %o analyse more toke-offs since those already ana~-
lysed indicated the loads to be comparatively wnimportent., The 95%
confidence intervals for the number of oceurrences of load cycles of
1.75 » 10 1b ins range, correspending approximately to a gust cycle of
20 ft/sec range at 220 kis, are given below;-

f !

| No. of take-offs Number of load occurrences
Condition Lead or landing 95% confidence

: anolysed Average intervel
Lending Port root BM. 10 5.7 5.7 23.9

Stbd roct B.II. 10 5.2 5.2 13.5 |

Tako-of f | Port root B.M, 3 1.3 )Too few results

i Stbd, root B, 3 1 Jfor onelyses

Ground runmning of cnpines and taxying

It was estimeted that the engines are run ab high revolutions with
the aircraft stationary on the sround for a total of 42 seconds per flight
made up of 30 seconds engane running pricr to toke-off and 12 seconds
scrvicing, The difference in the numbers of occurrences of loads with the
engines rmning sl normal eruise revs (9,500 r,p.m.), clumb rovs (9,750
r.pem, )} aed tase-off revs (10,250 r.p.m.s was not very great (see Fig.72)
and, sinec details of the {ames spent at different r.p.m, were not availe-
able, it was decided to assume all 42 seconds of engine running occurred
at 10,250 r,p.m. It was not necessary to toake account of the tame spent
with the engines idling since light test results showed the loads to be
insignaficant.

The loads in taxying were obtained on the asswpiion that 10 minutes
was spent in taxying eech flaght, Only 2,2 minutes of test [light taxying
was analysed since taxying loads were small and it was not considered
worthwhile to analyse more. The occurrences for the 2.2 minutes were
scaled wp to give occurrences for the required 10 minutes.

Ioads 1n turbulenca

The £lipght pattern used for determining the number of gusts of 10
Tt/sec or greater encountered in the typical flight was based on operational
use of the Comet I by a nurber of awr-lines, Deteals of the flight
conditions and numbers of gusts met are given in the {iable below:-

/Teble



Arrvspesd
Altitude Time | Hiles Ho, of
£4 minutes E.A.5. ) TLALB. travelled gusts met
kts kts ; 510 ft/sec
G- 2,500 2 201 | 204 7 2.0
2,500~ 7,500 5 250 269 | 22 2,79 .
7,500-12, 500 A 263 308 [ 20 0.80 i
12,500~17, 500 5 264 330 28 0,35 |
17,500-22, 500 5 254 350 29 0.145
22, 500-27,50C 4 212 360 1 34 0,052
27,500-32, 500 10 228 374 62 0.08
32,500~35,000 18 226 39 118 0.15
35,000-40, 000 70 247 470 | 5LB 0.68
1.0,000-37, 500 5 251 493 1 0,052
37,500-32,500 6 253 L5k, L5 .05
32,500-27, 500 5 253 11 55 0,045
27,500-22, 500 4 252 378 2b 0,03
22,500-17,500 L 247 3,2 | 23 0,092
17,500~12,500 | 5 243 206 25 0,31
12,500~ 7,500 h. 23, 270 19 0,765
7,500~ 2,500 5 209 224, 18 2,28 !
2,500~ 0 2 152 155 | 5 1453 i
< H
Totals 2 hrs 45 mins | ! }‘11(}6 m:l.lesj 12,32 gusts :

i H

The numbers of rusts met shown in the last column have been cbtained
from the curves of ¥ig,8 which are basel on the gusts met dwring cperatimal
Tlying on the Comet I and on a number of cther aircralt.

The ocourrences of tailplane loads were then obtazned from the above
Table and from the relationship between zust velocity ranpes and teal
load ranges of Fig.5 (a mean c.g. position at the datum was assumed). In
deriving gust ranges from the gusts of the asbove Table a factor of 0,78
was introduced to allow for the difference in range counts cbtained from
the geometric mean of equal positive and negative increments and from a
direct count, 7This fector was basel on & compsarison of c¢,.g. accelaration
ranges counted by the two methods (see Fig,9).
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TABLE 111

C.G. acceleration cycles

Nmber of Times Acceleration Renge {s Exceedad in Turbulence

Acceleration Cas aF'L ! Cege forward

Range 130 kts 180 kts ;200 kts 230 kts | 130 kts | 180 ktg ' 200 kte : 230 kis

g 195 gaca 120 secs ' 202 secs 1340 secs | 120 secs| 120 secs {167.5 secs! 120 sees
T

0.2 P32 ! 4645 ! 50 120 843 51 |5 46

0.3 § 2045 22 30 | 88 47 195 &} 26

0.4 12,5 10.3 17.5 60 2.7 8,3 19.5 177
05 742 5 10,3 45 1.6 4,1 1344 13.5
0.6 3.2 2.4 5 32 2,3 8 8.3 !
0.7 1.5 3.7 24,5 1.4 4 5

0.8 ; 2 17.5 | 1 2,3 343
0.9 1,4 13.5 | 2,05 2

1 1 10 2 1.4
1.1 1 Be5 1 1

1.2 37 1 1 ?
1,3 .5 1 1 ’
1.4 1.5 1|
1.5 ! ; L

TABLE IV

Tailplane loads when lowering flaps and opening dive brekes

Condition

-
lleight | Change in tailplane load

1b per side®

Iowering flape to 159

Lowering flaps 15° to 40°
Lowering flaps 400 to full

Openang dive brakes

Opening dive brakes

Ba.i.a,
Kis %
170 1,600
140 1,000
120 500
200 13,000
230 1,800

~2,800
- 100
- 900
+2,300
+ 700

* Negative sign denotes a down-load on the tailplane

- 1] -
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FIG. . GENERAL ARRANGEMENT OF COMET 1.
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FIG. 7 (aeb) TAILPLANE LOADS DURING ENGINE
GROUND RUNNING.
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