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ROYAL ATRCRAFT ESTABLISIMENT

Patigue Loadings in Flight - Loads in the Wing of a Varsity

by

Anne Burns, D.A.

SCMLIARY

Data. are presented on the number of load cycles of various
magnitudes cccurring in the wing of a Varsaty in normal ground and
flight conditions. The conditions include taxying, take—~off, landing,
and fiight in turbulencc, The relative importaince of the leoads in the
dirf'erent conditions is allustrated by reference fo the loads in a
typical flight.

A relationship is determined between wing loads and accelsrations
in vurbulence so that the test results can, if required, be related to

gust data obtained operationally by means of the counting acceleramster.
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1 Introducclon

In June, July and August of 1955, a serics of flight cests was mede
1n a Varsity %0 obtain anformation on the fataigue loads in the main
scructure, An «ccount of the loads in the tail unit, faselage and nose-
wagel undercarriags has alresdy becn given132; this note presents the
informasion obcained on the loads in the wings. Although a considersable
amount of infurmation on flight loads 1a wings has alrsady been obtained
by means of the counting acceleromster, there is still little information
available on ground loads in wangs. Parvicular abtention wes therefore
»iven in the tests to condivions such ag taxying, landing and teke-off;
and the Investigation in light was regtricved to a study of the
relationship oetween acceleration at the c.g.® and loads in vhe wing.

2 Wlaight Teats augd tlethod of Analysis

A description of the {light tests and of the method of anelysis of
the loads in terms of changes of steady load and load ranges has already
been givan1. Appendix I contains Turther details relevent o the present
tegts. The main lood measurements woere bending momerts at three stations
elong the vort wing, cbvained by means of elecoric resisvance stralh
pauges; supplementary measurements of bending momens were made at four
more stuvions for some of the flying in turbulence {stevions shown in
¥ig.1). The c.g. acceleration was measured au she fuselage oentre line
near the main svar of the wing Ly means of a stopped-trace accelercmster,

The suroan gauge signels were calibrated an terms of bending moment
by apvlying known loads %o the wings on the pround, and in terms of pull-
out leads by subjeciing the aircrars vo pull-cuts at unit incremensal
accelerasion in flaght. Resulos are gaven moanly in terms of the pull-
out loads.

3 Results
Ground o air loads are given in Yable I, and the numbers of load
ronges ccouxrang an various conditions of flight and on the ground in

Taoles fI wo V.

3.1 Loads in Typical Taiphs

In corder co swmarise the information, the narbers of load ranges
exceeding varlous magnitudes are shown for the component econditions of a
typroal flaghs {Fig.2). The flight, whach 1s aintenaed to represent
operational troamang®™¥, consists of 4 minuves engine runnaing, 5 mnutes
taxying, & teke-off, 33 minutes Ilight and a landing. Details of the
estimation of the loads [or the varicus condicions are given in Appendix
IT. Fig.2 shows that the load cycles .n take-off, landing, ground
running of the engines ond taxying are much less severe than thoze in
turbulence. It should be noted, however, thet the Load cyciss for the
ground conditions occcur about a mean load diflerent from that in flaght.
the most scovere ground loads ere cobtained in landing and cccur an the

* The terms “acceleration at the ¢ g." and “c.g. acceleration’ are used
for convenience throughout the note. It must be understood that the
accgeleration concerned ig reslly tne readingy of an accelercmeter mounted
rigidly at the cenvre line of the aircraft structure so that any dynamic
effects due to flexibalaties of the struccurs sre inciuded,

*%  The Varsity is used mainly as & crew Lrainer.
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run~out subsequent o the ainitial impect whes the wing 1ift is considerably
. -
reduced (1n1tlal mmpacts were only modersately hesavy, see Table VI,

Hig.3 shows the total load ranges for the typical flight plocted as
a percentage of the estimaved ultimate load, The load levels ore greatest
&t the wing root and decrease towards the tip.

5.2 Relationship between Wing Loads and c.g. Accelerations

Fig.k shows the rclationship between wing load ranges and c.g.
acceleration ranges exceeded the same number of times. The relationship
refers to all semples of turbulence analysed (eopproximavely 16 minutes
for svations 3, 5 and 6, and 8 rmanutes Ffor scations &, 7 and 8) and
includes recordings atv airspeeds of 130 kb, 145 kb and 170 kt E.A.S.
Relationships were also determined for these airspeeds separately, but
are not included since no significant varration with speed could be
observed.

Fig.4 shows that the relasionship between wang loads and c.g.
acceleracion in surbulence is very similar to that ain pull-outs, i.e.
there is very nearly a 41 to 1 relationship between wing loads and c.g.
accelerations when plotvted as multiples of the 1g pull-out loads and
acceleration respecirvely. Departurcs from thas 1 to 1 relationship are
very small: for example at the 10 fi/sec gust level (a 10 ft/sec gust
is galculated vo produce an ascceleration of 0.302z at 145 kt E.A.S.,

4,000 £%, 33,000 1b A.U.W.) the ratios of wing loads %o c.g. accelerations
areg;-

Ratio of wing load to o.g. acocelera-
Position tion (expressed as multiples of
1g pull-out load and 1g respecsively)

Port side - outer wing - station 3 4.07 @ 1

" " = mid span - n b 0,95 ¢ 1

" " - outh'd of engine" h 0.975 : 1

" " - wing root - i 6 G.95 ¢+ 1 '
Centre line - " 7 A
Stb'd side-~ wing root - " 8 0.95 3¢ 1

Exominetion of the records (see semple record of Fig.&) suggests thav

the ratio is slightly higher than 1:1 at the most ocutboard station because
the bending moment there containg a vibratory component at sbout 7 C.p.s. =
probably the first flexural overtone - which does not appear in the c.g.
acceleration.

L, Conglusions

Information on the load cyclea likely %o produce fatigue damage in
the main structure of a Varsity has been obtained in special flight tests.
The results indicave that at 211 stations along the wang the load cycles
in take-off, landing, ground running of the engines and taxying are
likely Yo be much less numerous tvhan the loads in turbulence, It should
be noted, however, that the ground load cycles oceur about a mean level
different from thav in flight.

fhe wing leoads and c.g. accelerations excecded the same number of
times show very nearly a 4 to 1 relacionship vhen expressed as multiples
of the 1g pull-cut loads and acccleration respectively. At the root the
loads at the 10 f£t/sec gust level are aboutb 5% smaller then indicated by a
1 to 1 relationship, and at the mosi outhoard swvation about 7% greater,

_.5...
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APFENDIX T

Petaals of Flight Tests and Miscellaoneous Lesutlts not in Main Texu

Strain Gauge Installation and Calabrasion

British Thermostat strain gauges were attached to the wing main
spar top and bottom booms at the svations shown in Fig.4, the bridges
being arranged so measure bending moment. The signals from the bridges
were recorded on a Films and Lguipment 12 cnannel recorder, together
with the signhal from a type I.T.6~1 accelerometer installed ain the
fuselage near the c.g. The strain gauge signals were celibrased dirsctly
in terms of bending mement by loading the waings with shot beags., They
were alsgo calibrated in fterms of pull-out loads by subjecting the alr-
craft to pull-outs av unit incremental accelurasions.* The pull-outs
were made atv sensibly the same alr speeds and all-up-weight as those in
the turbulence but, since the calibrations &1d not vary significantly
with air speed or all-up~weight, average values were used in the
analysis (all-up-weight did nov vary much during vhe tests).

Miscellaneous Results not included in Main Text

Comparison of Measured and Calculated Loads

The table below shows cslculated and observed loads for various
conditions. The observed 10 fi/sec gust loads are half the load range
which occurs the same number of times as a gust range of 20 ft/sec.

B.M. outboard of outer wing B.M.
R B,M., Pog,b
Conditlon 00k F engine Pos.5 Fos.3

Caleulated | Obgerved | Caloulated | Observed | Calewlated | Observed

Tons Ins Tons Ins Tons Ins °| Tons Ins Tons Ins Tons ins

Ground to alr load 853 962 707 653 82 st
1g pull~out load 816 855 565 529 78 55
10 ft/sec gust load 195 235 1l 149 22 17

Agreemert Letween calculavted and observed loads is reasongbly
good at position 5, but observed valuss tend to be greater than calculated
at position 6 and smeller at position 3. More refined calculations taking
account of such items as aileron up-floau, propeller liftv, etc., might
give even better agreement.

Rolationship between wing londs and c.g. accelerasion in conditions
other than turbulence

Fi1g.5 shows the relationship becween wing load ranges and c.g.
acceleration rarnges exceeded the same number of times in vake-offs,
landings and in the circuit. Alr speeds an cshe circwt varied from 150
to 85 knots E.A.S, and flap settings from 15° 5o 47° ; hevertzheless, she
relationship between wing loads and c¢.g. accelerations is almost
identical with that for fiight in curbulence av higher air speeds and
without flaps. For take-off and landing she relationship is, however,

* The exact value of the acceleration was mecsured after the flight
from the recorded acceleration; a visud-reading accelerometer wes
provided as & rough guide for the pilot during the pull-out.

-7 -



significantly different from that in turbulence and in the circuit, the
ratio of wing B.M. to c.g. acceleratiocn in take~off and landing being
approximately half thot in turbulence (for take-off the reduccion is
slightly less than half prcbably because the take~off loads include some
flight loads). A reduction of as much as three quarters might be expected
due to the main undercarriage being furvher inboard than the C.,P. of the
gust loading (flexibility effects neglected). Much of the wing loading

on the ground is, however, duc to flexibility effects as shown by the
magnitude of the loads outboard of the undercarriages.

Accelerations and wing loads in landing impacts

The landings were not intentionally heavy and, although some were
made by test pirlots unused to flying the Vorsity, only moderately heavy
londings were achieved. Maxamum eccelerations and wing loads for a few
of the initial impacts are given in Tuble VI.



APPENDIX IX

Egtimavion of load cocurrences in typical flight

The numbers of occurrences of wing loads shown in Fig,2 for the
landing and take-off are average values of the test results. The numbers
of toke-offs and landings smalysed and the 5% confidence limits for the
wing root bending moment are as follows:-

. No, of occurrences of load range
No. of landings 138 tons in®*
Case or take-offs
analysed Mean |59 confidence limits
Landing 8 1241 12.1 * 4.8

¥  Load range corresponding approdnately to a gust range of
5 fu/sec

The estimation of loads for ground running of the engines was made
in e similar manner to that already described for tail loads, and is not
repeated here since the wing loads proved ce be very small.

The taxying loads were estimaced by scaling up the number of
occurrences in the samples analysed which covored a period of 2 minuves to
give the number of occurrences appropriate to 5 minutes. It should be
noted that the term 'taxying loads' used in this note does not include
the loads in the take-off and landaing runs, sometimes classified as

taxying loads.

For estimating the lcads in varbulence the aircraft was assumed to
spend 10 munutes at 130 knots E,A.S., 1,000 £t (an average for the climb
and descent) and 23 minutes at 145 knots E.A.S., 2,000 ft.** It was
estimated from operational data obtained from a number of different types
of aircraft that the average miles travelled vo meet a gust of velocity
10 ft/sec or greater (up or cown) was 3.2 at 1,000 £¢ and 7.4 at 2,000 ft.
Hence the Varsily in its typical flight would mees 7.9 and 8.9 gusts of
10 fv/sec at 1,000 £t and 2,000 ft respectively, i.e. {lying at an all-
up~weight of 34,500 1lb 1t would exceed accelerations of 0,26g and 0.29g
(above or below 1g) 7.9 and 8.9 times respectively. Using ths relative
frequency of gusts of different magnisudes obtained operavionally to
adjust the number of occurrences to a common acceleration level, it is
found that an acceleration of 0.3g is exceeded a total of 11.4 times, i.e.
an acceleration range of 0.6g is exceeded 5.7 timss on the assumpvion
that the numbers of positive and negatvive gusts are equal.

The estimation of nunbers of load ranges by the addition of
positive and ncgavive thresholds crossed as carried ouv above gives a
mgher answer than shat obteined by a direct count of the ranges by
the method used for the main analysis of the presenc note and described
esrlierl, Mig.5 compares the acceleration ranges obtained by the two
methods for samples making up 30 minutes of fiight in turbulence. A
slmilar result is obtained 1f wing loads are analysed in the same manner

** Based on average figures for R.A.F. Troining Station, Swinderby.



(Mig.7, 6 minutes only). 'Thus 5.7 acceleration ranges cbtained from the
sums of positive and negative thresholds crossed are equivalent to only

4.9 load ranges obtained by a dirsct count. Since 1t is required to compare
load ranges in turbulence wich Load ranges in take-off and landing obtained
by a direct count the figure of 4.9 is used.

The numbers of occurrences of accelerations at other levels were
obiained from the relavive frequency of gusts of different magnitudes
determined in the vests. This relasvive freguency was compatible with thas
obtained operationally for other aircraf?.

The nurbers of occurrences of wing loads in the typical flight were

then determined from the numbers of occurrences of accclerations using the
relationship of Mig.h.



TABLE T

Ground to air wing loads

A.U.W, 34,600 1b

c.g. 30.45 £t aft of datum

Condation

Ports Wing Bendang Moment

Root
(Pos.6)

Qutb'd of engine
(Pos.5)

Quter wing
(Pos.3)

Ground to alr - 45 kts,
2,000 £t above ground
level, flaps and under-
carriage up

982 tons ins

£53 cons ins

51 tons ains

- 44 -
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Load Rangs Number of--Times toad Rangs ig Exoeeded
- - ! L Engine
cors tne |1g pull- Landirg Take~off Turbulence V cireult Taxyl ) Em%ﬁh
uEBH tot]l 2| 3| a4 s| 6| 7| 8 el 2 3| 4] 5| & 7 8 30| ,145| 145| 1450 170 _mm "o2| 3] 4 2 mins
43.3 o082 |48 | |46 |42 | 45 (43 |32 39 | 29.5121.2|41 (a1 |33 |37 |28.1 60 |94 (131 |e8 [157 [141 89 |91 {100 )
65.0 0.123 35 |44 |34 27 44 |30 |34 1BeS 24 15.11 14.3 | 21,5 | 16.2{ 17.5124.5 | 11.9 41 61 86 45 (117 | 97 57 52 61 20 LOADS
86.6 o.164 |22 |30 l21.5115.8] 32 |19.5}18.8 |11.3 2.9 6.7] 52|11 5] 7.6] 123 |15 5| 5.4 o8 |39 |e3 |35 |92 [ 7@ w0 13 4 5.3
108 0.205 | 14.7]15.1 {11.8] 9.5} 21.3] 10.6] 6.3 | 6.2 42! 3.4] 2.0| 5.4 5.0] 9.3 6.4] 1.0 20.1027 |4 |25.7{ 66 | 57 29 | 21.2} 31 1.8
130 0.246 | 9.2| 7.0 4.81 4.4{ 12,5} 3.8| 2.2 2.6 2.5| 1.7 1.7 ] 2.4 7.5} 0.7 5|21 i3 |18 s |40 | 19.8 | 13.3] 21.5 0.8 NEGLIGIBLE
151 0.287 | 6.5] 3.4 1.41 1.4{ 5.8] 1.4 0.8 2.0 5.8 8.5 16,41 26 [17.4| 39 | 29 13.4| 937 945 !
173 0.328 4,7 0.8 | 1.0} 1.0 2.20° 0.81 2.6 5,91 12,7 19.8 {13.3]| 32 | 21.9 9.2 m.m“ 5.5 _
195 0.363 | 2.2 1.0 4.4] 9.3] 16.9 {10.5| 23.5! 16.0 6.2 Pm__ 2.8 | _
216 0.410 | 1.0 £.0 2.0| 7.0{ 14.5 | B.8| 18.5 1.7 3,71 3.41 1.4 “
238 0,454 1.0 1.0] 4.0/ 11.3 | 6.9] 15.2 m;m 24| 1.4, 1.0 | _,
260 0.492 50| 8.2 6.0] 1.1 5.4, 1 _.owv | |
281 0.533 50| 50! 4.8| 8.4 u.mw l 1.0 ” _
303 0, 574 o,a| 4,01 3.4 8.9 2.0l 1.0 M H |
325 0.615 | 2.0 3.5 1.8] 6.0 14 | ! _ C
346 0.656 2.0 M.L 1.0] 4.0 _ u : ﬁ *
368 0.697 1.4 m.om rom 2.4 ﬁ A _ _ “
390 0,738 1.0 1.4 1.0] 2.0 f _ : L |
2 0.779 1.0 1.0 w 1,0 2.0 : m ! ! _
433 0.820 m _ : 2.0 M H_ _ ﬁ o
455 0.861 m ! - | o | -
476 0,902 | | _ ' 1.0 ” ,ﬁ “ “ .
18 0,943 | 11 _ S |
_ aus
—— 1 )
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TABLE VI - Accelerations and wing bending mements in landing impacts

Maximum c.g. accelerations and wing root B.M!s in initial impact

Landang Max. oc.g. Ilax, wing root B.M, + 1g pull-out B.M.
Ho. acceleration | Wing root | Outb'd of engaine |Outer wing
g
9 0.68 0.13 0.17 0.4k
10 0.55 0.07 0.06 Oulb
3 0.49 0.22 Q.17 0.56
5 0.33 U.1] 0,19 0.18
7 0.33 0.06 0.06 0,20
6 C.33 0.33 0.11 .18
1 0.32 0.03 0.0 Q12
12 0.19 0.09 0.09 0.20

Maxamum c.g. acceleration cycles and wing B.M. cycles in initial impact

¥t.2078.0,P.285 - K3 - Printod wn Great Sr.tasn

Landing Max. c.g. llax. wing B.M. range =+ 1g pull-out B.M,
HNeo. scceleration | Wing roct | Oubb'd of engine | Outer wing
rango ]
g
9 0. 81 0.30 Ca31 0.70
10 1,17 Ce 34 0.27 0.86
3 0.51 0,38 0.33 1.02
5 0.76 D52 0.58 0.74
7 0.60 0.26 0.29 0.60
b 0.46 0.33 .32 0.54
11 0436 Cetdy 0.23 0.32
12 0.46 Ot 0.15 0.33
- 16 =
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FIG.I. STRAIN GAUGE POSITIONS IN WING.
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