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SUMMARY

Data arc presented on the nuaber of load eycles of various magnitudes
occurring in the tailplane of a Devon in normal ground and flight conditions,
The conditions include take-off, landing and taxying on grass and on metalled
surfaces, and flight in turbulence, The relative importance of the loads in
the different conditions is illustrated by reference to the loads in a

typical transit flight,
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1 INTRODUCT ION

In March, April and May, 1957, flight tests were made in Devon VP.980
to obtain information on the fatigue loads in the tailplane. This note
presents the information obtained, It conforms with a series of notes that
describes in terms of numbers of occurrences the spectrum of ground and
flight loads in the tailplanes of different aircraftli:2,3,4.

2 DESCRIPTION OF FLIGHT TESTS

A brief account of the instrumentation and flight tests is given in
Appendix 1, Measurements of bending moment at the tailplane root were
obtained by means of electric resistance strain gauges and continuous
recording equipment. The signals from strain gauges on the front and rear
stringers (stations shown in Fig,2) were combined to give a signal which did
not vary significantly with chordwise movement of the centre of pressure,
Signals from the port and starboard sides were also combined so that symmetric
and antisymactric loads could be recorded at the same time as the separate
loads in each side. Records of the variation in load were taken during normal
ground and flight conditions; these conditions included taxying, landing and
take-off on grass as well as on metalled surfaces, and flight in atmospheric
turbulence at speeds of 105, 130 and 145 kts E.A,S., and at heights of from
600 £t to 2,000 ft above ground level, ‘

A type Structurcs’l, accelorometer, modified to record on the same
recorder ss the strain gauges, was mounted rigidly on the floor just behind
the wing main spar centre scction in the region of the centre of gravity.

The readings of this acceleromcter are, for convenience, referred to through-
out the note as Mc.g. accelerabion®., It should be understood, however, that
any dynamic cffects due to [lexibilities of the structurc are included.
Accelerations were measured during flight in turbulence so that the relation
of the tail loads to the c,g. accelerations, and hence to the gust velocities,
could be ascertained,

3 PRESENTATION OF PESULTS

Information on the fluctuating loads and accelerations is tabulated in
verms of mubers of load and accelceration ranges exceeding various magnitudes
(Tables 1 to_5). The method used to obtain these ranges is that of an
earlier notel adapted to enable the computation to be carried out by DEUCES,
Information on the change in mean load when lowering the flaps and under-
carriage, and on the ground to air loads is given in Tables 6 and 7. Loads
measured in manocuvres, i.e, in turns at accelerations up to le5g and pull-
outs up to 1l.75g were very small and are not analysed., Maximum lcads
occurring in take-off, landing and taxying are shown in Table 8. Where
absolute valucs of loads are given, the loads are measured from a datum with
the aircraft stationary on the ground, engines idling; in this condition the
tail loads arc assumed negligible,

In order to assess the relative importance of the loads in the different
conditions the occurrences of bending moments at the tailplane starboard root
are shown for the component conditions of a typical flight and its associated
ground conditions (Fig.3). This flight comprises take-off and climb to
5,000 ft, £ hour cruise at 5,000 ft 152 kts, and a descent and landing; the
total flying time is 80 minutes and the time spent in taxying 10 minutes,
Since ground loads differ widely for operation on grass and tarmac both cases
arc considered, Details of the cstimation of the loads is given in Appendix 2,

Fig.k4 shows the total loads for the typical flight plotted as a
percentage of the estimated ultimate failing load®, To give a comparison

3 Design ultimote B.M. X reserve factor = 114,000 1b in. at relevant root section; this velue
wos ochieved on static test.
S -



with daba on other aircraft, occurrences are shown in terms of numbers per
hour rather than numbers per typical flight,

The graphs of Fig,5 have been preparcd so that the tail loads in
turbulence can, if required, be related to cperational data on gust frequencies,
The curves show the rclationship between the load and gust velocity ranges
thot are excecded the same number of times at various airspceds, The loads
have been divided by the appropriate airspeed in an attempt to climinate, as
a first approximation, the effect of airspeed, The gust velocities are
derived from the measured c.g. accclerations using alleviation factors which
take account of altituded,

L DISCUSSION OF RESULTS

Lel Loads in typical flirht

The tailplane loads are on the whole small especially if the aireraft
is operating from metalled surfaces, In a typical flight from a metalled
surface the maximum root bending moment associated with a download seldom
excceds 15% of ulbimate although bending moments of the order of 12% usually
occur at least once when lowering the flaps (Table 6) and once during the
landing impact (Table 8), Loads of this order also occur on average once per
fliggt in turbulence, Bending moments associated with uploads are even
smaller,

The loads guoted above are duc to a combination of mecan and fluctuating
load. The mean bending moment varies from O to 7% of ultimete during take-off
and landing and is about 4% for level flight at 150 kts, 2,000 ft, A,UW, and
CegZe position as given in Appendix 1, Thus the load fluctuations in them-
selves are very small, a value of 7% occurring only once per flight, The
lood fluctuation which occurs the same numbor of times as a gust fluctuation
of *10 ft/sec is only 4e3% of ultimate at 150 kts,

When operating on grass the magnitude of the load fluctuations during
toke-cff, landing and taxying is about twice that when operating on tarmac
(compared on a basis of equal numbers of occurrences), Maximua loads during
toke-off and landing are of the order of 18% download and 9% upload
(Table 8),

L.2 Naturc of tail loads

The tail load fluctuations, especially thosc on the ground, are
oscillatory in character (sce Fig,6)., Two tailplane nodes of vibration can
be distinguished: a symmctric mode at 20 c,p.s., and an antisymactric mode
at 14 c.p.s. probably associabed with fusclage torsion. These two modes can
occur sirultaneously but the symmetric mode hos a more marked effect on the
root bending moment. The greater severity of the oscillations when the
alrcraft is operating on a rough surface, i.e. on grass, suggests that the
excltation originates mainly from ground loads acting on the undercarriages,
Some buffeting of the tailplane may alsc arise from the propeller slip stream;
this, however, is likely to be only a minor effect as shown by the smallness
of the oscillations when the engines are run up on the ground (Tables 1 to 4).

The tail loads during flight in turbulence are far less oscillatory in
character than are the tail loads on the ground., In flight the loading is
mainly symmetrical on the two sides and follows closely the variation in
normal acceleration at the c.g., an upload on the tail being associated with
a positive acccleration (sce Fig,7). Measurcaents of fluctuating tail loads
(not included in note) at 105 kts with and without 20° flap showed no
significant differences,



L¢3 Relationship between tail loads and gust velocities

Fig.5 shows the relationship between tail root bending moment ranges
and vertical gust velocity ranges exceeded the same number of times, The
relationship tends to be linear and independent of speed when the tail loads
are divided by the equivalent airspeed.

5 CONCLUSIONS

Information on the loads likely to produce fatigue damage in the tail
plane of a Devon during normal flying has been obtained in special flight
tests, No loads of any severity were measured although small and numerous
load fluctuations were found to occur in take-off and landing on metalled
surfaces and during flight in turbulence, When operating on grass the magni~-
tude of the ground load fluctuations is about double that when operating on
metalled surfaces., Ewven then, the loads are not severe: the magnitude of the
load fluctuation exceeded once per typical flight (defined in Appendix 2) is
only #15% of ultimate, Tail loads in turbulence corresponding to a 10 ft/sec
gust are only 4e3% of ultimate when cruising at 150 kts, 2,000 ft,

Mean loads are also small;the root B,M, (download) varies from O to 7%
ultimate in take~off and landing and has a value of about 4% ultimate when
cruising at 150 kts, 2,000 ft (A,UW, and c.g. as given in Appendix 1).

A simple linear relationship is found to exist between tailplane loads
and vertical gust velocities exceeded the same number of times in turbulence,
This relationship is approximately independent of airspeed when the tailplane
loads are divided by the equivalent airspeed,
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APPENDIX 1

FLIGHT TESTS

INSTRUMENTAT ION

British Thermostat strain gauges were attached at the stations shown
in Fig.2 and water-proofed with Araldite special strain gauge cement, The
signals from the gauges were fed into a McMichael carrier wave amplificr and
recorded after amplification on a Fila and Equipment 12-channel rccorder,
The stepped signal from a Structures Type 4 accelerometer, mounted rigidly
on the floor just rear of the wing main spar centre section near the c.g.
position, was also rccorded on the Films and Equipment recorder,

CALIBIATION

The strain gauge signals werc calibrated on the ground directly in
terms of load. Vertical downloads were applied to the tailplane by means
of shot bags. The calibration tests indicated that the root bending moment
obbained by summing the signals from gauges on the front and rear stringers
was virtually independent of the chordwise centre of pressure, Calibrations
made before and after the flight tests werc in reasonable agreement,

TEST FLYING

The aircraft was flown throughout the tests at an initial all-up-weight
of 8,350 1b and c.g. position 0.083 {t forward of datum., Allowance was made
for the reduction in all-up-weight due to fucl consumption when deducing gust
velocities from the measured accelerations, Initially the aircraft carried
108 gallons of fucl.

Take-offs and landings on metallced surfaces were made at three aero-
dromes, Farnborough, Thurlcigh and Boscombe Down and on grass at White Waltham,
Taxying vests werc also carried out at the above aerodromes, Approximate
average spceeds for texying werc “slow® 15 m,p.h,, "medium® 22 m.p.h., and
"fast? 29 m.p.h.  For purposes of enalysis a take-off was defined as the
period from start of rolling to main undercarriage up, usually about 30 seconds.
A landing was defined as a period of 30 seconds starting from the instant of
touch~down. The pilot was asked to make normal landings.,

Records werce taken during flight in turbulence while climbing at 105 kts,
crulsing at 130 kts and descending at 145 kts I,A.S. Altitudes varied between
600 and 2,000 ft above ground levcl,

Ground to air measurcments were made in two stages in order to minimise
strain gauge drift by reducing the time between readings, In the first stage
a flight datum was cstablished with the aireraft flying just above the runway
at 90 kbs, undercarriage and 20° flap down., By using the long runway at
Thurleigh the aircraft could be taken off, flown at the above condition and
landed straight ahead, allowing ground-air-ground measurcments to be taken
in quick succession. In the second stage the loads in {light at 2,000 ft,
130 kts, undercarriage and flaps up were determined with reference to the
flight datum,






ESTIMATTION OF LOAD OCCURRENCES IN TYPICAL FLIGHT

An estimation of ground and flight load fluctuations was made for a
typical flight based on short transit flights flown by Devons, The total
time of flight was taken to be 80 minutes; this time is not, however,
critical since an extension or reduction of time spent cruising affects
only the loads due to gusts, most of which occur in the climb and descent
rather than during the cruise,

GROUND_L.OADS

The numbers of occurrences of the tailplane loads for the take-off
and landing of the typical flight were obtained by averaging the flight test
results, Those for taxying were estimated on the assumption that 10 minutes
was spent in taxying per flight, 5 minutes at medium and 5 minutes at slow
speeds, Since results were available only for medium speed taxying on grass
it was assumed that the ratio of load occurrences in medium and slow taxying
was identical for grass and metalled surfaces,

LOADS IN TURBULENCE

The table below shows the number of 10 ft/sec gusts encountered during
the various parts of the flight, The last colunn has been obtained with the
aid of Fig,6 which shows the miles flown %o mect a gust, up or down, of
10 ft/sec or greater,

1
Take~off and climb 0 to 2,000 6 120 Le52
Climb 2,000 to 4,000 6 120 2.12
Climb 4,000 to 5,000 3 120 0«73
Cruise 5,000 L6 152 6470
Descent 5,000 to 4,000 3 165 1.02
Descent 4,000 to 2,000 6 165 2493
Descent and landing | 2,000 to 0 10 120 T+52

Total: 56 min Total: Eg:;~éusts

Occurrcnces of gusts of different magnitudes were obtained from the
distribution table of Fig.6, The corresponding tail loads were then obtained
from Fig.5 which shows the relationship between tail loads and gusts occurring
the same number of times in turbulence., Before using Fig.5, however, a
factor had to be introduced to allow for the difference in occurrences of
gust ranges obtained by the mcthod of this note and by associating equal up
and down gusts together, A value of 0«8 was used at all gust levels although
as shown in Fig,7 therc is some variation with gust level, The occurrences
of tail loads finally obtained are plotted in Fig.3.
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TABLE 2

Tailplanc port root bending moment cycles

Number of times B,M, range is exceeded

Range Tarmac Turbulence
I | ake-off | Landing Sﬁg‘ﬁg 105 kte | 130 kts | 145 kts
mean of 12 !mean of 12 8 190 sec | 300 sec | 360 sec
3,360 145 143 22 L3 111 175
5,040 5L 57 b 12 59 73
6,720 177 233 8 28 27
8,400 6 9e3 L 1 10
10,080 23 L3 1 9 3
11,760 0«5 2 4 1
13,440 07 3 1
15,120 1
TABLE 3
Tailplane root symmetric bending moment cycles
Nunber of times B.M, range is exceeded
Range
B.M, per Tarmac Turbulence
side [ . Ground
X Take off i Landing . 105 kbs | 130 kis 145 ks
b in, mean of 12 {mean of 12| TWMUNE 1990 gec | 300 sec | 360 sec
2,800 77 170 2 50 ; 134 197
4,200 33 Th 20 75 92
5,600 134 32 6 32 L6
7,000 5¢5 16ely L 18 19
8,400 1.5 7e5 2 12 7
99800 14»'6 1 7 b
11,200 17 L 2
12,600 1 1
15,400 | 1

- 10 -




TABLE 4

Tailnlane root antisymnetric bending moment cycles

Number of times B.,M, range is excecded

Range
B,M, per Tarmac Turbulence
side [ - - Ground

16 in Take~off Landing running | 205 kts | 130 kts | 145 kts
‘ mean of 12 | mean of 12 190 sec | 300 sec | 360 sec

1,040 84 39 27 26 118 183

1,560 236 L9 3 5 22 38

2,080 542 087 1 1 7 7

2,600 183 1 2 L

3,120 0s5 1 3

3,640 1 1

4,160 1 1
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TABLE 6

Tailplane loaas when lowerin: flaps and
undercarriage in circuit

Change in tailplane root symmetric bending moment®
Condition Circuit | Circuit Circuit Circuit | Circuit
No.l No,2 No,3 No. L No. 5
1b in. 1t in, 1b in, 1b in. 1b in.
Lowering flap 20° -3,500 to | -5,350 to |~6,000 to ! -4,650 to| =5,350 to
at 120 kt approx, | -11,800 ~13,100 -13,900 -11,600 -13,100
Lowering under- No significant change
carriage € €
Lowering full flap | -8,600 to | -11,300 to " % q
at 90 kt aprrox. ~12,000 -13,200 Full flap not use

# Negative sign denotes down-load

TABLE 7

Chanre in tailplane root bendingz moment
from ~sround to air

Change in tailplane root B.NL%
Condition
Port root Stbtd root
b in, 1b in.
Ground, cngincs idling*® to straight and
level flight 130 kts I.4,S., 2,000 ft 0 to -4,500 | O to ~4,100
above m.s.l.
Ground, cngines idling¥* to straight and
Llevel flight 90 kts I,A.3., 10 £t above 0 to ~7,700 0 to -6,900
runway, 20° flap, undercarriage down, |

Y
w

Loads assumed zero for this condition,
Negative gign denotes down-load.




TABLE 8

Maccimum root bending moments

in take-off and landing

Maximum root B.M,

WT.2078,0.P.472.K3 - Printed in England

. starboard
Flight and Condition ( , )
record No, Down~load Up-load
% ultimate —i% ultimate
31986 Take~-off - tarmac 8¢9 Leb
L+1990 ) ] ] Sel 348
11995 0 ] ] 8e9 7.0
L+ 200, Q £ " 11.3 65
742028 I " 100 340
9+ 2042 W ] 8o 5.7
10+ 2045 roon " 9e8 Le9
11,2054 1] it 1] 7,8 3,2
12.2058 a i 746 3.0
13.2072 oo 4 8e7 5e1
13+2076 woon " 10.8 5el,
132079 L w 9e2 73
Mcan Ge0 540
341685 Landing - tarmac 10.3 51
301y37 n u 135 2el,
L1971 u n 740 5el,
1, 2005 " i 1.3 35
542016 o i 10.3 1.9
702027 i i 140 22
742030 i w 119 3.0
92043 A w 125 35
102051 n 1 103 Le3
11.2056 n " 12.2 19
132068 u n 11.9 5.1
19.2158 n i 127 19
Mean 11.5 3e3
372394 Take-off - grass i8e1 be2
392414 ] ) ) 1645 5e2
LO«2419 W i R 168 112
Mean 17.1 7e5
372386 Landing - grass 200 8ol
3942413 w n 170 12.8
LOe24,18 i & Reccord too faint a2
JQin 18.5 10.1
-1 -




FIG.l. GENERAL ARRANGEMENT OF DEVON.
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BM.S SEPARATELY.

X  STRAIN GAUGES COMBINED TO MEASURE SYMMETRIC
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FIG. 2. POSITION OF STRAIN GAUGES ON TAILPLANE OF DEVON.
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