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STRENGTH OF AIRCRAFT WING STRUCTURES™

By Hans W, Kaul
SUMMARY

The results from stress measurements in flight opera-
tion afford data for anaslyzing the frequency of appearance
of certain parts of the static breaking strength during a
specified number of operating hours. Appropriate fre-
quency evaluations furnish data for the prediction of the
required strength under repeated stress in the wing struc-
tures of aircraft of the different stress categories for
the specified number of operating hours demanded during
the 1ife of a component.. The measures adopted obviously
will depend on the magnitude and frequency of the loads
during the life of the aircraft and will vary with the
type of aircraft, purpose of use, and atmospheric condi-
tions (gustiness).

The author has subjected to statistical analysis =2
large number of data covering the wing stressing of six
different civil aircraft ranging in weight from 2000 to
6000 kilograms. At the same time the stregss frequency
of application curves for three acrobatic aircraft is
investigated, Thus, it is possible to estimate the prob-
able number of times loads of a given magnitude will be
applied to the wing structure over flying time ranging
from 2000 to 6000 hours; (life of aircraft depending on
class), and to adjust the ground tests accordingly.

I. INTRODUCTION

Heretofore, aircraft structures were designed to ful-
fill certain static strength requirements, and the strength

f“Die erforderliche‘Zeitf und'Dauerfestigkeit.von'Flﬁg--
zeugtragwerken," Jahrbuch 1938 der deutschen Luft-
fahrtforschung, pp. ¥ 274~1 288,
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specifications ‘of the leading aeronautical countries -
syowed general agreement. It is true thet certain parts,
such as wing roots sand control surfaces, were decigned to
take into account fatigue limits, but this factor was not
applied to the wing structure as a whole, As a result
there is still considersble confusion regdarding the neces-
sary strength of the separate structural groups of an air-
Plane under frequent lozd reverssls. The present report
is intended to bridge this gap as far as the wing struc-
ture is concerned. The comparatively high service stresses
in wing structures of modern high-speed aircraft and the
increasing hours of operation during the life of the'indi-
vidual parts make the study of the required time strength
~ and fatigue strength -for this group appear particulsrly
-.urgent. The gcope of the time strength includes the
‘stresses which the wing cen withstand more than once dbut
not indefinitely, hence is situated between the static
~breaking strength and the fatigue - strength but does not
-tinclude these two extreme values. : R T :
~wInvestigations of tnxs krnd must;'as'afrdlé; be T
carried ‘out separately for the two principal stress ‘groups,
namely, the stresses due to operation of ‘the dontrols By
the gilot and vthose due to.atmospheric-conditions (gusti-
nessg 0 O R

Studies of gust stresses must, in turn, be grouped in
the ‘determination ~of the .form of [distrivbution curves of
the operating stresses st .different gust intemsities and
in -the determinmatiion of the frequéncy c¢f dﬁp&arémcéfo:a
gust of certainm-intensity iin yearly ‘average.  The Tatter
must be made for .a- spec1f1&*cllmatlc Zone in . reletlon to
the flylng helght A A LI :

I1. DEThRMThATION AND RZPR TATION OF rT‘HE DIS”RIBUTION

4
¢ -

CURVES OF OBMRATIVG STRESSLS
A. Choice of Cheracteristic Quantity
for Wing Structure Stress

ey e et -

As 1ndlcation of the stress,. either the accelerations
at rlght angles to the plane of the wing in the alrplane
center of ‘gravity, or the deflectlons of the w1ng of ‘the
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“'strains of highly stressed wing components, such as the

beam flanges, may be chosen. Under the conditions of high
wing stresses it involves, 'in the greater majority of
cases, flight conditions, that is, angle-of-attack ranges,
within which modern airfoils manifest only little center-
of -pressure travel, so that the three cited test quanti-
ties for the wing stress are proportional to each other.
By reason of this fact none of the three possibilities
merits, for the present, any preference over the other.
Theiexception is the very "hard" stress, for examvle, by
elevator operation with very great control speed or in
gusts where the gust velocity along the airplane rises
very rapidly. Then it may happen that the wing swings be~
yond the equilibrium position corresvonding to the apvlied
air force. (See reference 2, sec. VI.) In this case, then,
the wing would be subject to higher stresses than the test
value for the acceleration in the center of gravity would
predict. In this instance the measurement of strains or
deflections would merit nreference over the accelerations.
However, since acceleration recording is the simplest
method from the point of view of measurement as well as

of evaluation, some comparstive tests by the DVL included
both acceleration as well as strain and deflection measure-
ments.

Figures 1(a) and 1(b) show the result of such measure-
ments on the Albatros L 83 airnlane, which, with its com=-
paratively great asvect ratio and low natursl wing bending
frequency (3.5 Hz) appesred particularly suited for studies
of this kind. Figure 1(2) shows the accelerations com-
puted from the deflection measurement, figure 16, those
computed from the strain measurement for a large number of
separate test points plotted against the concurrently
measured center-of-gravity acceleration. The result in-
dicates that the individual points fill almost evenly a
scattering zone corresponding to the instrumental and
evaluating accuracy, and that measurable systematic de-
partures in the previously cited direction are absent.
Accordingly, it appears justified for the present te stay
with acceleration measurements. This, of course, necessi-
tates an occasional check if the ratio of flying speed to
natural wing bending frequency evinces a substantial in-
crease during the development. On the Albatros L 83 this

Yh _ 50 =14 m/s, or Th - 50 = 6
v 3.5 _ Vtp, 3.5 x 2.4

*

ratio amounts to

*Subsequent evalustion of_iests by Kissner and Taub on
Junkers F 13 and BFW M 20b2, which possess lower ratios
Yh

> tm than the Albatros L 83, afforded the same results

as given above.
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the sneed belng expressed in-: multlples of - chord per(second

. . P o :
LT i M KR v

For completlon 2. further differenc¢e- between accelera—

."tion measurements. on: the one-handand:’ deflectlon or-strain

-measurements on the- otner ia- DOlnted out : : W

Whlle, as aarule;“the accelerat1on_follow1ngha single
gust.either dies down aperiodically, aftér exceeding:the
maximum value to the-value "1lg -corresponding to:unaccelerat-
ed level flight,, or else drops slightly below::1lg: (cf.. Fig.
1(c));. the wing usually executes several:strongly. damped
vibrations during -the damping out of the stress. - In sec-
tion III it will be shown. that this difference also is of
no slgnlflcance for the present study.

B.,Type pf Freguency Appraisal

The frequency of appearance of certaln stresses with-
in the measuring period can be expressed in various forms.
Essentially three possibilities are involved: . . ,,

a) "Prequencies of the first kind" (H;) indicate the
number of maximums or minimums of the function
Y = £f(t) - that is, test value Y of the
gtress with respect to time -~ during the total
measuring period T each between two extreme
values Y3 and Yi+;, the maximums being
counted by stresses Y;, which, by equal pre-
fix are greater in amount than stress Ystat
‘corresponding to unaccelerated ‘level flight,
hence maximum in the case of .. Y3 2 Ygta¢, and
minimum in*the case of? Yi'g Yétéyri E
b) "Frequenc1es of the second klnd" (H ) 1ndicate ,
: the number of times that g certaln threshold
. value Y; of the curve’i‘ = £(t) "is passed
-in.ascending direction in. the Yi g’Ystat
‘range .and ‘in descendlng dlrection 1n the
¥i .8 Ystat range; : o

c) "Frequenc1es of the thlrd klnd" (Hl/ indicate the

number of t1mes that a certaln threshold value
Y; of .the function Y = f(t). is passed in

ascénding and descending direction.

>



. NACA Technical- Memorandum No, 992 .- 5

The frequencies of the first :and second types can be
calculated with sufficient accuracy from those of the
third type and vice versa. The selection should therefore
be made chiefly with respect to the evaluation technique
and so is governed by the chosen recording process, the
quallty of the records snd the evaluatlng means involved,
such as automatlc counters. -“In the present. article the
type of frequencies in the 1nd1v1dual cases is given. All

.data are reduced to frequencies of the first type as the

most suitable.

C. Selection of Class Division for Evaluation

The class division AY, +that is, the distance be-
tween two adjacent threshold values Y3 and Yj4,, em-

ployed in the evaluetion is chosen constant over the

total range of statistics and small enough to be consist-
ent with the sccuracy expected by the employed method of
evaluation, The claess intervaels as much as possible are
so located that the stress Ygtst in unsccelerated level

flight forms the boundsry of one class.

The smount of AY for investigations of wing stresses
is ordinarily chosen so as to correspond to a change of
An = 0.2 to 0.3 in the lozd factor, since the selection of
smaller values -An does not enter into question by the
existent evaluation accuracy. This claseification is, at
the same time, small enough to make a minor change in the
choice of amount of AY of little effect on the sverasge
values and spread bands of the measured distributions, and
still enable the predicti on of the frequencies of the first
type from recorded frequencies of the second type, etc.,
with adequate accuracy.

D. Avérage Values and Spread Bands

'of:Measured Distributions

Measured stress distributions sre represented for the
time being by tables or polygons of distribution (for ex~-
ample, see table I and fig. 2), For comparing different
distributions by stating one or more characteristic values,
averages and spread-bands are resorted to.
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The most: commonly used average. .values are:

1.

The arithmeétical mean:. & -

_ ZH; Yy . (Y; argument value} S
ZHy H; frequency [ of class i)

ZH; = ¥  extent of statistics;

The central value C that divides the extent
of the arranged statistics in two equal paerts,
that is, as many observations above as below it;

Tne densest value D, +that is, the area of
ma¥1mum freouency H P

TABLE. I.

Flight with D 2026, BFW M 20 b, (Narsellle to Montélinar

and back), February 22, 11932 (evsluated 86.8 minutes in
the 3lst to the_ 128th mlnute of fllght)

[Ay = 20 mm;.correqunding,lgad;facfor Ag =‘O.l$5j,
i Yy o Ey . Load factor -
(mm ) o :;n T Yo
o o _ : - Dy, = .z
ok -Ystat
1 41 1 <70 0.318 0
2 61 16 . 473
3 81 139 .628
4 101 : 651 .783
5 121 1472 - .938
6 141 1248 e 1.093
7 161 259 1.248
8 181 53 1,403
9 201~ C 4 : 1.558
*Yi wing deflection referred to stressless state.
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By the determinati on of average values for recorded
wing stress distributions, it was found that the three
averages M, C, and D differed by such smsll amounts that
the differences are within the evalustion accuracy and
that the amount "M = C'= D  practically coincides with the
stress Ygt,¢ for unaccelerated level flight, It there-

fore appeers expedient when comparing measured distribution
polygons to plot the separate graphs above one another so
that the readily ascertainable arithmetical mean M of

the individual digstributions becomes congruent. This ap-
Plies in particular to measured distributions of strains
and 'deflections where the amount of Y 4,4t frequently

does not lend itself to a sufficiently exact determination
beforehand. (In distributions of accelerations Ygiat is,

of course, equal to lg.)
The most commonly used spread bands are:
1. The average departure 4, that is, the arithmet-

ical mean of the absolute values of the depar-
ture 83 = [¥3 - MW;| from a certain average MW;

=
g
2
e
leg)
[
(]

2. The mean departure p = H

=

- Y .
3. The variation width B = maxMw min

4. The slope Sch = M—ﬁ—g—(measure for the asymmetry).

The described results respecting the averages make it
immediately apparent that the slope Sch as indication
for an asymmetry of the wing stress distributions is not
practical relative to its average value M. In such cases
it is common practice to define 4 or i and B for
each psrt on either side of M separately and to express
the asymmetry by the differcnce 9! and ¢, or u' and
B or B' and B, upwardly and downwardly.

Of the departures 4 and . the mean @ has proved
superior as characteristic value for distributions to
the average ¢. This centers the problem of characteristic
quantities for distributions of the type in question . chief-
ly in the mean departure: ’
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and the related upward and downward departures

f Hiby'® ' | .
w! + —-ﬁ:'r'——' 8¢y = it - MW/ (v-la)

Y o2 MW
Y;, S MW ‘ I
and in the variation width
Y - Y . .
B - _Bax - min | o (2)

Y .. - M |
B! = _______________maxM R o . ‘ (Za)
B, = zgi%ri_ﬂ " (2v)

E. fDistribution‘Functions

The most accurate descflptlon of 2 given distribution
ig afforded by a2 distribution function. Such functions
permit, moreover, an extrapolation, for instance, to ex-'
pected variation widths under longer operating perlods
than the measuring period ‘amounted to.

The best known fuhcﬁions-emp;oyed for describing meas-
ured distributions areé’ variations of Gauss' normal dis-
-tribution. But thelr applica®ility is contingent upon the
distributions possessing the distinctive mark of irregu-
larity; thus, they are generally unsuitable for reproduc~
ing distributions recorded over long flight disteances under
different weather conditions and contour of terrain. In
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one. instsnce- (stresses on the control "gurfaces of the Graf
Zeppelin during protfracted service period) the description
of the frequency curves was enabled through the following
distribution function of the named type:

-] 3

Kﬁesner (reference 3) had been able to use. a special form
of this function, namely, )

. Hy = 832 o-t2
KT
with

Y - Y
- stat +AB

I

for deseribing several wing-stress distributions, at whose
determination a selection.from the total number of test
values had been artificially effected in such a way that
the assumptions for applying a Gauss type distribution
function had been complied with. He also quotes numerical
values for the constants C = log C and B for the par-
ticular selective distridbutions. 4

Ordinarily it is merely possible to describe certain
wing-stress distributions by ‘sufficiently many terms of a
suitable series, such as the Bruns ¢ series, which pro-
ceeds along differential quotients of Gauss'. normal dis-
tribution. Such a representation entails, of course, con-
siderable paper work, especially if a certain "quality of
adaptetion" is specified. Such procedure is necessary if
on the basis of considersations of the failure -expectancy
time (reference 3) the necessary static strength, theat is,
the breaking strength for one-time load is to be deter-
mined, but which may be disoensed with for the pruposes in
questlon .. o
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III., DISTRIBUTION CURVES OF OPERATING STRESSES OF
AIRCRAFT WING STRUCTURES IN FLIGHT IN GUSTS
A. Comparison of Statistical Data on

Different Aircraft Types

In order to compare statistical data of stresses in
flight operation secured on different types of aircraft
or under dissimilar operating conditions, a2 uniform, non-
dimensional reference quantity is employed for the
stresses. The component of the acceleration at right
angles to the plane of the wing in the sirplane center of
gravity serves as absolute criterion for stress in the
wing structure.

A comparison of test values for gust accelerations
secured on different types of aircreft or at different
flying speeds reguires a reference value which permits
the exclusion of the influence of the design quantities,
of the aircraft characteristics, and that of the flying
speed, so that the effect of gusts can be analyzed by
itself.

Such a reference value that meets the cited require-
ments rigorously is, at the present state of research,
impossible., But it can be shown that the safe load factor
specified in the requirements for the load case "stress of
wing structure due to gust" (BVF, fig. 1142, case 115)

F vy de
1+ Tr b aTr

DGegre = TG ie N (2)

(index Tr denotes wing structure)
vy 8&ust velocity

n gust effect factor (Cipher 1142, of BVF)

does represent a practical comparstive value. The factor

n indicates the multiple of accelerstion of gravity
Gsafe

g = 9.81 msha, measured in the airplane center of gravity,
when the airplane enters at speed v in a sharply defined
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" gust directed at- rLght angles to the fld'ght. path, the gust
‘having the flow velocity . V- w1th respect to the surround-

ing still air. 1In the analysis of the aerodynamic forces
and moments durlng entry Ain the gust, it is assumed that
all rotatory -motions: of.the aircraft about its lateral
ax1s can be disregarded

. The safe load facters';nasafe for the ‘gust velocity
vﬁ = 10 m/s specifled in the'' strength reaulrements were
computed according to equation “(8) for seven types of air-
craft for which the test data on gust accelerations over
& long period of 0peration were available. The factor n
of the gust effect was defined in conformity with cipher
1142 of the BVF as gross weight G, the amount existing
at the time of the test flight, was employed. The maximum
horizontal speed vy at full throttle specified in the

strength recuirements was substituted by the mean speed

vcruising available during the tests as flying speed v,

since the test flights were in part carried out with dif-
ferent throttle settings, so that the full throttle speed
vy, affords no practical measure of comparison,

In figure 3 the thus-obtained approximate values ob-
tained during specific test periods in gust flights with
different airplanes., The explored types involved very

3d13$1m11ar alrcraft as regards dimensions, aspect ratio,

degy
da ’
planes) as well as flight characteristics, particularly

that is, the values . and design (monoplanes and bi-

G

F
Tr
ranged between. 40 and 90 kg/m , the flying speeds between
140 ‘km/h -and 325 km/h during the tests. Bven so, the
agreement between the recorded maximum wvalues and the-

mggéf -values is satisfactory; the discrepancies in the

fface of a scatterlng zone 9f around 0.2g anticipated on
account of instrumental and mathematical 1naccuracv alone,

ranged w1th1n 0.4¢g.

'Systematlc deperture of test values from the safe

'1oad factor ng manifested itself to the extent that

safe ) . .
the meximum "accelerations measured ‘in gusty weather dur-
ing 2 total test period of 20 hours or more are generally

situated above the apnroximate values ng c computed
gsafe
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for a gust velocity vy = 10 ms~! and v = vVepyiss where-
as the maximum values obtained within ‘8 hours or’ fewer of
flight remain generally below the approx1mate values.

This result might suggest making the "comparatlve gust

velocity" vy dependent on the total test neriod in ‘as

much as during longer test periods the one-time occurrence
of a particularly high gust velocity possesses greater prob-
ability than during a short time test. However, this re-
finement was disregarded, since its effiect on .the result.

of frequency studies is certainly not decisive.

The load fector ng for a gust velocity. vy = 10 ms~
conformable to the strength specifications is, at the same
time, an appropriate reference value for stress analysis,
since the principal components of commercial aircraft wing
structures are largely measured in compliance with the re-
quirements of the load case: "wing stress due to gust ¥ so
that gust acceleration data in fractions of - ng represent,

at the same time, the data in fractions of the static
breaking load of the wing structure, accordlng to. the
present German Spec1f1cat10ns (1936 ed.). the ultimate load
factor nge iiure is equal to 1.8 times the safe load fac-

fe'. These reasons make the factor nG é appear

a sultable reference value for gust stress measurements.
In the following, therefore, -the acceleration changes due
to gusts relative to the state of unaccelerated horlzontal
flight (n = 1) are given in. fractions of

tor nG

T Rpy Wy ey
R Tr b T e oy e -
(nGSafe 1)< g T Tae (Vb =10 ‘ms™ ) (3a)

Perese el [ I I
1 PSS . % o B .

In..a comparison of mezsured fregquencies . Hj : for a
certain stress category i - it  should be borne in mind
that the absolute frequehcies ~Hy  depend upon- the total
measuring period as well as upon. the speed. of. the experi-
mental aircraft, for a. fast machine hits .2 greater numnber
of gusts per un1t time than a slow one,  But.there .are
still other influvences on the gust frequency, that is,
the number. of gusts »Der unit time recorded in the air-
plane, as will:. be. shown. later. It is therefore advisable
to extend the comparlson between dissimilar test series
not to the absolute frequencies -Hy, ‘but rather to the
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relative freguencies

H; (N = ZHy =:scope of, statistics
hy = = total number of test values).

Through the relative frequencies hi'df the separste stress
categories the form of-the  stress distribution polygon is
defined, while the scope:of the statistics is defined by
the mean gust frequency and the total operating and total
test period, respectively.

B, Form of Distribution Polygons for Different
Aircraft and Dissimilar Operating Conditions

First, it is shown that the form of the distribution
polygons is comparatively little affected by the gust in-
tensity and the explored airplane type. The gust inten-
sity is expressed according to the Darmstddt gust scale
(reference 4), which divides the degrees of gustiness into
"still" and "gusty b," to "gusty b,." A discussion of
the use of the scale together with its accurascy follows
elsewhere in the report,

Figures 4 to 6 show a series of recorded gust stress
distribution polygons, in which the relative frequencies

h; are plotted for the separate stress cstegories 1.

The criterion chosen for the wing structure stress is the
previously cited nondimensional proportional value
b, -1
n -1
Gsafe ) .
of class i, 'messured in multiples of the acceleration of
gravity .g).

 (ﬁ1 = acceleration corresponding to the middle

Figure 4 contains a series of distributions obtained
on the same airplane part (D - JDUH, type Heinkel He 45 D)
in flights with the same flying welght and the same flying
speed on- days at which the’ alrplane pilot reported gust
intensity Db,.’ +he results of the individual flights,’

lasting from % to.l hour each, are scattered within cer-
tain limits throughout the. dlstrlbutlon polygon (solid
lines, fig, 4) comprlslng the total test period of about
3% hours, Figure 5 shows for the same airplane weight
and speed the distributions (average values for the total
measuring perlods shown in the graph) recorded in gust
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intensities .b,, b;, by, 2nd b,;. The shapes of the dis-
tribution polygons in both plots are seen to veary within
fairly moderate limits, while the plotted - -amounts for the
departures ®, M', and p, ‘are -all located within:a short

interval (between 0.09 and 0.15).

Figure 6 ‘gives the gust stress distributiocns .compiled
on six different types of aircraft, as recorded in flight

. tests, . -

The types of alircraft comﬁrised

TABLE 11
1
thal Wing
: : . welght ; .
Tyne, Design ok ~loading Reference
: at test 5
g (xz) _(kg/m )
Albatros L 83 |) 2600 Y3.771 zmM 1931, pp.
~ L | 38021
Junkers F 13 8 low wing 1950 |.  U45.4-} maschenmbuch der
Iuftflotten
monoplane 1927, p. 138.
Junkers G 24 5800 65.4 | Taschenbuch der
. ' ‘ ‘ | Luftflotten
) ‘ 1927, p. 1kO.
Heinkel He 45 D| .biplane - 2560 TH Handbuch der
Iuftfahrt 19357~
38, p. 179:
Heinkel He 70 || low wing 3200 87 75 1933, po.
‘ 669-76.
Junkers Ju 160 ] monoplane 3270 9k ZVDI 1935, po.
419-2L4,

In spite of the marked discrepancies regarding dimen-
sions, flight characteristics, speeds, wing loading, and
the comparatively short total measuring periods, figure
6 manifests a surprisingly good asgreement of the individual
distributions as to form and values -p., In fact they do
not differ much from the distributions in figure 5 which
refer to only one airplsne type at different degrees of
gustiness, Hence, it follows that in fatigue-s¢trength
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studies & ‘"anit distribution" could be used as basis for

the form of the relative frequency distribution curve ‘hi’

wh1ch can be secured from the dlstribution polygons of
flgure 6.

. Figure.ﬁ.furnishes, at.the same time, the proof that
the difference between acceleration deflection and strain
,measurements (fig 1(c)) does not affect the form of dis~-
tribution. For the appraisals of the He 45, He 70 and
Ju 160 were made on acceleration records, whlle on. those
for-the L 83 and the Ju F 13, the load factor was com-~
puted from deflection measurements and for. the G 24 from
elongation measurements of a beam flange. The plotted
frequencies of the first type hi = E{ﬁl were computed for

the L_83 and F 13 from counted frequencies of the third
tyve Hy, for the others obtained direct by counting.
Figure 6 manifests no systemeatic differences between the
results of the 1nd1v1dual test methods and types of eval-
uation,

Subseqguently, the distribution polygons were uni-

. formly reduced to the greatest class-division An = 0,15
(ngafe - 1) shown, in. figure 6; the results are given in
flgure 7(z). :

This unit distribution is to be, within the widest-
possible scope, an outside envelope sround the measured,
polygons (fiz. 7(a)). That it cannot include the test
val ues outside is due to the fact that the sum Zh;y of"

the relative frequencies must be equal to "1" for the
unit distribution ss well as for everyone of the meas-~"
ured distributions, If a2ll the polygdéns were fully in-
cluded, then Xhj > 1. BSince the values hj decrease

very rapldly with increasing values of the absoclute
amount of (n - 1), the unit distribution for the zones
n>1 and n < 1 c¢an be so0 defined that it repreqents
one outside envelope (fig., 7) for all classes except
that directly adjacent to the arithmetical mean An = O.
Such a unit distribution is therefore proposed in the
treatment of time and fatigue strength problems of wing
structures,

_ The two halves of the polygons for zones n > 1 and
n <1l are not exactly symmetrical to the arithmetical
mean, but rather the distribution is a little fuller for
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n>1 than for n <.1:.. (See fig. 7(b).) Now the proof
of adequate time or, fatlgue strength is adduced by fatigue
tests in which a static’ preload, which simulates the stress
in unaccelerated hdrizontal flight (n =-1J,.1is-superim-
posed by a periodic additional load through the testing:
machine., Hereby, it is expedient to choose an oscillating
additional loading with-equal amplitude.upward. (n > 1) and
downward (n < 19, ‘and, - inh order to remain, on. the. safe side,
the choice of- dlstrlbutlon for the zone n > l. is recom-
mended, As distributipn polygon of the perlodlc addition-
8l loads it affords: then the solid line of: flgure 7(b),
the ordinates of which; are equal to. twice; the ordlnates of
the dotted polygons for the zone n > 1. lnﬂ

The dlstrlbutlon polygons discussed so far are tled
to the chosen class division, that is, an enlargement of
the class division effectuates, for example, by constant,
variation width: a reduction in the number. of polygon cor—
ners and an. enlargement of their ordlnates. . This ch01ce
of representation wes. made purposely as a remlnder that
the values hji are not mathematically defined probablll—
ties but experimentally secured relstive frequencies,
which do not necessarily have to be independent of the ex-
perimental object, that is, the individually studied air-
plane and the scope of the statistics, Because as stip-
ulation for the existence of a mathematical probadbility
representing the 1limit value of a relative fregquency in
the event that the scope N of the statistics approaches
infinity, there exists the demand that the individual
test walues-either cancel each other, are equally Juqtl—
fied and mutually irndesendent or deflnltelv releted "0f
these. .only. the f;rst condition is qa+1=f1ed because the
obserVPtlon of a sfress in class i precludps the ¢on-~
temnorary meacurement of a stress situated "ifi- dnother ! -
class. ;But the test values enjoy equal rights only if
the structure of the velocity field of the air odver the
flight path does not change. This is particularly not
the case in flight!/in ground proximity when ground con-
tour and covér 4d4s well as wind velocity and direction are
arbitrarily variablé along the flight path, Furthermore,
Kissner proved thé interdependence of the individusal
stfess values in. a rigdorous:examinstion of the past his-
tory, that 'is, the gusts-flown:through previously have
no effect on the momentarily occurring stress. Since
this "previous history" may assume any form, depending
upon the accidentally existing loeal form of the velocity
field which changes continuously with respect to time,
and which has not the same: effect on varying types of
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‘aircraft, there -is, at .the time, mo prospect .of adducing
proof of the existence of probabilities as limit values
of the relative frequencies for the gust stresses of air-
craft. Therefore, in-the further technigal development
.or by the appeadrance .of new design types, it is necessary
to prove anew a unit distridbution which appears suitable
for -an approximate inclusion of 2ll test data.

However, on occasion it. may be important to reduce
obtained distribution polygons to polygons with a differ-
ent class division (2s in working up specifications or
experimental projects). In this instance it is practical
to represent the unit distribution in a form independent
of the class division. On the other hand, it serves no
useful purpose to reduce measured distribution polygons
to a2 lower class division than employed in .the evalua-
tion, as instrumental and evalusation errors may then gain
considerable influence. Accordingly, only one reduction
for the purpose of enlarging the class division is per-
.missible, 28 a rule.

A form of revpresentation independent of the class
division is readily obtainable from a distribution poly-
gon of the frequencies of the second tyve. The ordi- .
nates Hi of a distribution polygon of the relstive

freguencies of the second type indicate the percentage

of 211 measured stress pesks located in the clssses, the
order of which is greater than or equal to i, that is,
what percentage of all stress pesks is greater than or
equal to the stress which corresponds to the lower limit
of class i, The polygon corners are usually plotted
against the center of the class interval as for distribu-
tion polygons of the frequencies of the first type. ' This
representation is thus, for the moment, dependent on the
clags division in the same manner as for the previously
discussed frequencies of the first type. But, on plot-
ting the polygon corners against the lower limit of each
class interval and connecting the then obtained points by
a continuous curve, the latter is, of course; no longer
dependent on the class division, since according to defi-
nition, the ordinzte of each point then indicatds the
number of losd peaks relating to stresses which arve =
greater than or equal %0 -the pertinent abscissa. . .This
curve is termed the summation curve of the distribution,
shown in figure 7(c) for the proposed unlt distribution
(so0lid line in fig. 7(b)) ' :
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It will be noted that the ordinates of the unit dis-
tribution polygon deviate so much from one class to the
other that the summation curve, after a2 shift of its
points by one-half class width (from class center toward
the lower class limit) already is located below the line
of the unit distribution. (See figs. 7(b) and 7(c).) In
this instance, the summation curve should be used only
for converting the distribution polygon to another class
division, but not, as customary in other cases, as sub~
stitute for the distribution polygon of freguencies of
the second kind.

C. Load Reversals for 100 Operating Hours

The prediction of the required time and fatigue
strength for a specified total number of hours of opera-
tion or of the permissible number of hours of operation
for an aircraft wing structure with known time and fa-
tigue strength, stipulates, besides the form of distribu-
tion conformable to figure 7, the total number of load
reversals within a given time, such as within 100 hours
of service, or in other words, the scope N of the total
statistics of the stress. ' o

The determination of this vslue starts with the num-
ber of gusts striking the sirplane on the average per unit
time. This number is largely dependent upon the speed of
the aircraft and the degree of gustiness.. The effect of
longitudinal stability and ‘wing loading may make itself
felt on the measured values to the extent that on espec-
ially gust susceptible aircraft {(low lateral stability,
great controlling length = distance wing structure tail,
low wing loading) such gusts alsa produce measurable ac~
celerstions, which on less susceptible aircraft merely
cause stress fluctuations within the scope of accuracy of
the employed instruments. -Lastly, the varying damping
of the airplane motions may be such that on one aircraft
the acceleration due to a gust is aperiodically damped
down to lg, while on another there still is a "swing
through" to an acceleration vaslue inferior to lg. - The
effect of these differences on the form of the distribu-
tion curves remains, however, within the -usual spread
.bands. (Cf. fiz. 6.) : :

In figure 8 is shown for two He 45 type of aircraft
the mean gust frequency v recorded in a series of test
flights 2t an average speed v = 270 km/h, that is, the
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total number. of upgusts and downgusts per second plotted
against the Darmgtddt gust scale (dashed lines in fig.
-8(a)); the two airplanes had -the same .gross weight dut
different center of pressure:positions. The recorded gust
‘frequencies are seen to average:a little higher on the less
longitudinally stable aircraft than on the other. The same
holds true for figure 8(b), where, next to the values for
the two He 45 types, the gust frequency on an He 70 type

at the same speed is plotted against the degree of gust;
the He 70 has less static longitudinal stability than the
He 45. The maximum discrepancies occur, as expected, in
the low»gust range.

In averaging over a longer oneratlng period the mean
gust frequencies secured for the individual gust degrees
must, in conformity with the average yearly probability
of appeearance of the individual gustiness degrees, be pro-

vided with "weights." Observations of the frequency of
appearance of gusts of verious degrees are cited in the
next chapter. Using the yearly averages given there for

the Adlershof airport as basis, the yearly averages for
the He 45 are those shown in figure 8(a). The yearly
average of the He 70 is indicated in figure 8(b). These
averages refer to a 270 km/h flying speed.

The extent to which the gust frequency depends upon
the flying speed is illustrated for the He 70 in figure 9.
All plotted test values for -the He 70 refer to flights
with the same weight and the same center of pressure posi-
tion. Averaging straight lines drawn through the test
points of equal gustiness pass through the origin of the
coordinate system. TFurther averages formed between these
individuel straight lines by the use of "weights" con-
formable to the probsbility of appearance of the partic-
ular gust intensity, give as yearly average for the He 70
the relation of gust frequency to flying speed shown by
the solid line. For the He 45 the only known point is
that -for a 270 km/h flying speed according to figure 8(a).
Presuming that the relationship between gust freduency
and flying speed can be represented for the He 45 also
by a straight line ‘through the origin of the coordinates
results in the He 45 line as shown in figure 9. The gust
frequencies recorded so far on other types of aircraft
range between these two stralght lines.

In & deduction of the load réversal expectancy for a
given operating period from the gust frequencies v of
figures 8 and 9 with the help of figure 7, it is to be




120 NACA Technical Memorandum No,. 992

noted that -the ~gust frequency . v ‘indicates the number of
upgusts ‘and downgusts per - unit of time. But since one
load cycle-defines an -upgust and a downgust of equal in-
. bensity, the. total number of. load reversals expected in
ttlme interval. . T(s/. isi . .

In as much as modern airplanes of stress category 3
will undoubtedly be similar to the type He 70 as far as
flight characteristics are concerned, the solid line of

" figure 9 may be used as a basis in the calculatlon of the
load reversal expectaney, that 1s,

g

% 0.0115-v (1/s), (v in m/s)

which: amounts to - N- % 4100 v- load reverssls for 100 hours
of operation.  This data in donjunction with figure 7
serves for the. time being as the required time and fatigue
strength for w1ng structuree of aircraft of stress cate-
gory 3 . . : X BRI . . ‘.

Slnce the da%a on - gust frequepc1es are- obtalned by¥
eleuatlon from acceleration records, they naturally do

not contain.the wing oseillations shown superimposed- in’
figure lg¢, as the reaction of these.oscillations on the:
fugelage creates no measurable actelerations:. On the - °
Albatros: k. '83 afid:the-Ju F 13 the actusl count-disélosed
that-allowance for these minor éumulative oscillationg
raises the.fregquencies about threéfold.’'  Even s6 it dodes
not appear justifiable to include-this effect in the defer-
mination of. the required-load reverssals, since tHe small
cumulative oscillations are not, Iikely to be.decisive for
the fatigue strength,”* and.the:.udnit distribution as well as
the determinstion of -V was secured 'on the basis of the
upper limit of the past range of expeérience.  Inthis
respect it further should be remembered that all flight

*F, Bollenrath has pointed out that these cumulative os-
cillations with small .emplitude might possibly incresse
the fatigue strength of & component; their omission
therefore is perhabs .an added safety.
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- measurements are made in the particularly turbulent air

layers near the ground, so that in reality lower operat-

ing stresses occur::in all the airplanes. which, throughout
a substantial period of life, are.encountered at helghts

above 1000 meters. e e o -

Additional free flight measurements‘with}spebialﬁ
regZard "to the effect of flying speed, static longitudinal
stiebility, and controlling length on  -the gust stresses
will serve to perfect the necessary data on gust frequen-

- cies.

D. . Gustiness in the Atmosphere
- (by the Dermstsdt Gust Scale)

For the comparison of different test flights from
stress measurements in gusty weather, some indication for
the gustiness on the day of the test is imperative., For
a more accurate description of the gustiness it would re~
dauire special frequency studies of the controlling mete-
orologicsl values, as, for example, momentary horizontal
wind velocity at flying altitude and velocity in vertical
gusts. Such an investigation is, however, difficult, and
the evaluation of the messurements more time consuming
than that of the stress measurement itself, For which
reason investigations -of this kind are provided for inde-

prendently from the test flights at the Llndenbe g Aeronautic

Observatory, where, in- collaboration with the DVL, meas-
urements are to be made on the structure of the velocity
field . in gusty weather and on the order of magnitude of
the gradients of the velocity field, the data of which
are to serve as:-basis for systematic calculations of gust

. stresses, and particularly, regarding the effect of the

static longitudinal stabllity and the controlling length,

.A 51mpler,descx;ption of the gu:tlneqs st tne day of
the. test being necessary for the present analysis, an at~
tempt w=s made to use the Darmstsdt gust scale (refer-
ence 4) employed at the weatner stetions. .This scale is
graduated as followss ' ;




22 NACA Technical Memorandum No. 8992

Applicable to Junkers A 20

DARMSTADT GUST SCALE -

and Similsr Types

Scale
division

Characteristics

Symptoms

by = gust O
b, = gust 1
by .= gust 2
b, = gust ?

slight unrest

moderate unrest

. strong unrest

severe unrest

Airplene brslances eesily
or individuel slight
bumps. No rudder action
to equalize bumps - engine
rpm constant ~dynamic
pressure constant,

Airplane oscillates fre-
guently sbout fuselage
axis - moderate rolling
motions ~ repeated slight
aileron operation neces~
sary - rpm constant -
occasional dynamic pres-
sure fluctustions.

Airplene leaves course -
rolls .(dances) - con-
tinuocus :operation of

rudder:iand ‘ailerons neces-

‘g8ry = ‘creéw feels being

: réisé&ffTOm‘?ﬁd'ﬁuqhéd

down in sest - feeling as
in'ah'élevator -'englne

audibly ‘picks up,” percep-
tible "f¥uctusdtions of rpm

- end of dynamlo pressure

Alrplane panc9kes or zooms

" 'sideslips repeatédly - re-

sponse to control deflec-
tion heavy - crew is
raised from seats (Hang
from straps) - strong
pickup of engine (alter-
nating howling noises),
marked change in rpm and
dynamic pressure,
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-Aki?the’pflott of the DVL makihg test flights at the
Adlershof airvort, therefore were requested to give a
report- of the gustlness for every flight . according to the.
Darmst8dt scale.,  The statistlcs collected so far’ cover
24 ‘months. These were supplemented by the statistics’
collected at seven weather stations. The two sets of:
statistics are compared for the purpose of- checklng the
applicability of the Darmstadt ‘gust scale to the ‘problem
in question., Table III= givee the average values of the
prabadble appearance of the 1nd1v1dual gust ‘intensities
according to the DVL statistics for July to December 1935
and 1936, while table IIID glves the averages for ‘two ’
years accordlng to the DVL ‘statistics in comparison with
the averages from the seven governmental weather  stations.’
Figure 10 shows, varloug distributions., All data: refer to’
0 to 1000 metars altltude range; at greater helghts the
gustiness is less on the average,: .

TABLE IIla

Gust July Avgust Sentember October November Decembér
degree| 1935|1936 | 19351936 | 19351935 | 1935|1936 | 1935|1936 1935‘1936
quiet | 2.4 o 5 1.6 7.4 2.9 1111 oo le |o o |0
b, | 35.1|45.4 | 4307(33.3 | W1.7|u7.8 | 55.0 ]u5 86,"6u;1 - 53.5[77.5
b, | WL.6|51.5| Wh.6]52.4 | 33.3/L0.9 | 26.7{42.6 |16 [32.8| hi.2 8.4
by 13.1) 3.1 .6,7{11.1{13. | 4.4 7.2010.9| 0 3.1 0 2}3“ 4.1
b, | 4aslo | o l1el welo. o lasliodlo-do lo
TABLE IIIb.
DVL - . DVL- " Weather stations
Gust Jul;); O1.935 Jul;y; o1_936 Julg,; 03.935 Jamiary to January to
degree | June 1936 | June 1937 | June 1937 | cooPer:1935 | December 1936
quiet 3.2 2.6 19 69.5 72.8
b us 57.7 52.9 6.5 5.0
b, 38.9 35.8 37,3 16.1° 15.1
bg 8.9 5.6 7.3 7.4 6.2
b 1 3 .6 5 )




24 NACA Technical Memorandum No. 992

A close agreement obtains between the statistics from
both sources respecting the probable appearance of greater
gustiness (2° and 39), while substantial di screpancies
exist between "still" to  "b,," for-instance, the revort
"sti1l" in the DVL statistics appears in barely 3 percent
of the cases, while in.about 70 percent of the cases the
observers at the weather stations did not think it worth-
while to report. As a result, the DVL pilots reported a
greater number of gust occurrences of the order of b, or

b; than the weather stations. The reason for this dis-
crepancy might be due to the fzct that a number of the
fine measurements in the DVL can be effected only in per-
fectly still air, so that flights in very slight gusts
had to be stopped. In all these cases gust reports were
naturally turned in, while meteorologically such slight
gusts are in most cases unnoticezble and utterly inessen-
tial for flight safety, hence were not reported by the
weather stations. Aeide from this 2 certain amount of
scattering naturally was to be expected since the flights
were made at different localities with dissimilar types
of aircraft and by different pilots so that even within
the ssme group of observers a certain amount of scatter-
ing was noticeable. 3But no great systematic discrepancies
between different airplane types have been found by the
DVL, so that a division in this respect did not appear
necessary. Theoretically the data according to the
Darmstddt gust scale for a simple description of gusti-
ness are practicel, especizlly if the collection of the
gust statistics and the execution of the test flights re-
main in the sszme hand.

The averaging of the previous gust frequencies (fig,
8) was made on the basis of the average values of the DVL
statistics for the period of July 1, 1935 to June 30, 1936,

IV DISTRIBUTION CURVES OF THE ORPERATING STRESSES

IN ACROBATIC WING STRUCTURES

While on airplanes of stress categories 2 and 3 in-
tended for air line service, the stresses due to piloet
control actuation generally play no decisive part in time
and fatigue strength studies and are included in the oper-
ating stress measurements, the stresses in acrobatic air-
craft, induced by the pilot must be studied separately.
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In this respect the little’ available data concerns
three acrobatic types of aircraft, as compiled from the
recorded number of acrobvastic evolutions»shownvin'figure
11. These flights were made by a number of licensed stunt
pilots with more or less practice. This applies partic-
ularly to the measurements on “the He 51 type. The follow-
ing evolutions were flown:

1. He 46 (approved for acrabatic flight 1 only)
loo0p
wing-over
renversement (half loop and half roll)

2, FW 44 (all acrobstics)

with observer:
loop

wing-over
snap roll
Immelmann turn
renversement
steep turns

without observer:
elevator operation in inverted flight
outside loop sterting from inverted flight

and from normal flight

3. He 51 (all acrobatice)
loops
wing-over
snap roll
renversement

In spite of the comparative scarcity of test data, an
average distribution is afforded (solid line, fig. 11)
which holds for these three types, even though the scatter-
ing is bound to be greater than for the far more elaborate
gust stress statistics in chapter III, The permissibdble
lower limits of the safe load factor nggfe for aircraft
of stress categories 4 (acrobatics 1) snd 5 (scrobatics 2)
are given in figure 11, The values served as basis for
the three explored types ond are in the following used as
reference data for the recorded stresses

Figure 12 shows the average distribution curve of fig-
ure 11, the values being given in fractions of ngafe - 1
for category 4. Instead of the relative frequencies, the
load reversal expectancy in 100 hours of operation is
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plotted as ordlnete, proceedlng from 75 load reversals in
1 hour (used inc acrobatlc flight, tralnlng)

“Aside from the stresses in %unt flv1ng, acrobatlc
airplanes neturally are subgect to gust stresses the
height of which the pilot’ cannot or can only slightly con-
trol., Agssuming an acrobatic alrplane of stress category
4 is never used throughout its life for acrobatics but ex-
clusively in ‘distance ope ration, the gust stress distridbu-
tion curve differs from that given in flgure 7 for category
3 to the extent that the gust loed factor nG afe (range

115 of the BVF, edltlon ]OSu) is conslderably below the
safe load factor for category 4. For thé usual airplane
types it is about ' s

(ngare - 1) S

oﬂm

ng "l:

safe (nsafe - 1)

The gust stress distribution curve for the upver limit

2 (n 1) 1is shown as thin line in figure 12. The

6 safe
load reversals for 100 hours of operation are computed

with % = 1/s.

It is, of course, impossible to predict the extent
to which an acrobatic airplane will be used during its
lifetime for acrobatics in calm weatler and for ordinary
travel in gusty weather. But it is found that the renuire-
ments will not be too severe if the worst possible as-
sumption~i¢ made’that the adrobatie Fflight stresses are
simply .superimposed -on the'gust stfressés, 'Thé then re-
sultant distribution: (heavy curve in fig. 12) touches in
"the range of high load reversals, that is, under stresses
within-the range of alternating stréngth, the distribu-
tion for gust stresses, and touches, by safe load, the
distribution curve for acrobatic flight stresses. - Ap-
preciable differences occur only uynder stresses of the
order of magnitude of 0.5 (nggz¢e - 1). If, for stresses

of this magnitude, thé compliance with the strength re-
guirement (illustrated by solid curve in fig. 12) should
cause structursal- dlfflcultles, someé moderation could be
made in this reglon. BN : R
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v, TEMPORARY RULES GOVERNING THE REQUIRED STRENGTH
OF - AIRCRAFT WING STRUCTURES UNDER FREQUENTLY '

REGURRING STRESSES
- Cipher 1015 of the “Strength Specifications for Air-
raft, edition December '1936" reads as follows:

0l1l56: At J = 1.35,* that is, by concurrent increase-
of the static load proportion and the superimposed
alternating load each to 1,35 times their amount,
precisely those stress limits may be resched which,
if exceeded by the load reversal expectancy during
the total operating period of the aircraft, would
result in fatigue failure of the particular part.

This specification requires an amendment stating

hat losd reversals are to be conjugated to certain

mounts of the alternating load if the total: operating
eriod during the lifetime of an airplane part is pre-i
cribed 28 reoulred value. ‘ _ o
With the.foreg01ng data certain rules ‘governing 'the
trength  specifications of wing structures under repeated
tresses 'tan be put forth. As "stati'c load proportlon
henloadson the relevant part in statibns Ty horizontal”
llght (loed fector omo= 1) is chb%eh.' O,
As alterneting stresses to be superlmposed '‘on the
tatic load portion, the distribution polygons of the
oad! reversalls belonging to certain” values' 0f the alter-
atlng 'stress’ cani be secured from figures'?7 and 9, 11' and
2, reépectlvely.' This leaves:one on- the safe s1de éince
ome differences exist between the tybe of’ streSs 1n L
ctual flight'/ and.in a2 static test. First, in a test it
s practically 1mp0ssib1e to 31mulate the stresses cor—:
¢sponding to the' 1ndiv1dual gusts or flight figures in

»

»

J = safety factor; the high velue 1,35 came into being at

a time when the type of "strength tests under repeated
stress in the sense of flight statistics" recommended

here, (definition sccording to Teichmann and Gassner, who
originally started a systematic study of such tests at the
time in the DVL) had not yet been taken into consideration.
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somewhat thei.same way; the practice is to let continunously
smaller groups of identical loads follow successively.

But there s2re-very féw experiences on what effect this dis-
crepancy between stress sequence in flight and that of the
component in a fatigue test will have. On the other hand,
there are usually no pauses in fatigue tests such as occur
between flights. So the extent of the effects of such
intervals on-the strength under repeated stress in the
favorable. sense remsin. unknown at the present stage,
Lastly, to shorten the time in testing, the loads are
often applied:at. much greater frequency than corresponds
to the mean load frequency in flight operation, In the
absence of sufficient research data on the combined
effects of these three factors, the specificsations on
which the tests are made must be formulasted with care,
since the safety factor j is primarily intended to cover
the experimental scattering, :

For this reason the distribution polygon of the load
reversals due to gust stresses has been based upon the
unit distribution of figure 7 which comprises nearly all
the test values of the relative fregquencies. As gust fre-
quencies the maximum values of. figure 9 (solid line) are
chosen, which representsg the upper limit of the empirical
range for the csse that the flight of an airplane through-
.out its lifetime is exclusively below 600 meters, where
severe gustiness is most frequently encountered. The.
acrobatic  flight stresses base on,figures 11 and 12 on the
assumption thet the particular sirplsne is continuously
used for acrobatic flight training.

The corresponding-distribution pelygons for stress
categories 2/ and:- 3 and 4, respectively, and the  related
summation curves are given in figures 13 and-14, the
pertinent distribution tables in tables IV.and V. The
previously described assumptions.on which these tables
and charts are based,. should insure that the required
time and fatigue strength is sufficient to also cover the
previously described uncertesinties. :
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TABLE 1V

DISTRIBUTIONfTABLES'FOR,FIGURE'13"l-'

_?ractioh‘ofAf‘ _ H x 10fsi L:_ _ ,HT* lb‘ajﬂlu
"~ (ngare = 1)  |for categories 2 and 3 | category 4 -
. 0.075 281 | 315
. .225 65.7, 44
L. 375 11.5 6.35
.525 1.44 1,44
.675 432 .578
.825 131 .334
975 .050 .190
1.125 .016 ,127
TABLE V
ORDINATES FOR FIGURE 14
.Fraction of sH x 1073 TH x 1073
(ngare — 1) Gategories 2 and 3 category 4
o " 360 370.
.15 79 53
.30 12.6 9,02
.45 2.07 2,67
o .60 . .629 1,23
U 75 197 .651
.90 .086 .37
1,05 .0186 L1227
The quoted load reversals are calculated for a value
v , . .
of % gust frequency 3= 1/s, It is obtained at a flying
speed of vy = 90 m/s = 350 km/h. TFor airplanes with

higher top speeds Yn

gtress values

that is,

in stress category 3,

vh .
must be raised in the rstio 56—(vh in m/s).

_

all posted

load reversals in stress category 4, the load reversals
defined by the gust stresses,

29

the reversals for
0.1(nggfe = 1) up to about 0.5(ngafe = 1)
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To secure from figure 13 .the lozd reversals required
for wing structures in the individual load stages, the
figures given there fust be multiplied by the required or
desired (by the purcnaser/ total operating hours of an
alrplane (ln the unit of 100 hours of operatlon) It
should average about 6000 hours for commercial’ and about
2000 hours for ascrobatic types. In the static tést the
total number of loads to be applied are suitably divided
in groups of several hundred hours each; these groups,
each of which eomprises individuslly 2ll load stasges, are
successively applied to the structural part in question,
The required load reversals for category 5 range between
the values of categories 3 and 4 So long ss no adeguate
data on acrobatic flight stresses are aveilable,-the load
reversals-specified for category 4 are recommended for
those of category 5 also. ' '

Analyzing the order of magnitude of losd reversals
throughout the total operatlng hours in question, 1t is
seen that in the lowest load stzge only losd reversals of
severesl millions are encountered, which suggests a com-
parison of this lo02d steage with the pure fatigue strength
of the design., But this is inadmissible for two reasons:
First, the effect of the 1oads appearing in the higher
load stages would be completely. ignored; second, accord-
ing to the svailable strength tests it is likely to be
much more difficult on the conventional wing structure
designs to comply with the reduirements in the higher
load stages, that is, in the region of the time strength.
Available "experiences on fatigue strength of structural
components are therefore unsuitable for estimsatidn of the
safety of 'a wing structure in protracted flight oneration,
it is always necessery to make suitable load tests in the
sense of fllght statistics, ‘

Translation by J. Vanier,
National advisory Committee
for Aeronautics.
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