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 SUMMARY

This revort suggests a method whereby information on
the strength under repcated stresses of aircraft materials
or structural parts can be used in conjunction with infor-
mation on service loadings as a means of comparing alterna-
tive designs. The method has been developed around infor-
mation on repeated loading in service caused by gusts, be~
cause there are, at present, more data available on loads
from this source.

The method of analysis is flexible enough that infor-
mation on reveated loadings from other sources than gusts
can be ndded whenever such data become available,

Using the method develoved, a number of specific
examples have been worked out illustrating the commarative
life of various tyves of aircraft joints. The examples also
provide information as to the range in gust velocity re-~
sponsible for the most damage to the Joints.

INTRCDUCTTON

The tendency toward higher wing loading and lower load
factors for large aircraft has made it imvortant to find out
whether this design trend might result in some failures from
fatigue.

~ This revnort combines availadble flight data with in-
formation on the fatigue strength of alrcraft structural
elements to illustrate what can be done with present in-
formation to predict the 1ife of aircraft elements under the
types of repeated stresses which rssult from gusts.
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The report is divided into four sections.

The first section discusses relations between gust velo-
city, load factors, and Btresses in aircraft elements,

The second section discusses those sections of Rhode
and Donely's recent report (reference 1) on the "Frequency
of Occurrence of Atmospheric Gusts and of Related Loads on
Airplane Structures" that pertain to this analysis. -

The third section discusses available information on the
fatigue strength of some aircraft structural elements made
from 245-T Alclad and 17S-T. : :

The fourth section presents a method of combining the
gust data with the information on fatigue strength to pre-
dict the life of structural elements in aircraft.

This investigntion, conducted at the Battelle Memorial
Instltut ., Wwas sponsored by and conducted with the financial
a351stﬂnce of the Nntional Advisory Committee for Aeronautics y

1. REIATICNS BETWEEN GUST VELOCITY, LOAD
FACTORS, AND STRESSES IN AIRCRAFT RLEMENTS

In ordsr to apply fatigue data to the effect of gusts
on airplanes, it is necessary to define the conditions under
which the anplication is made.

A loaded airplane when in straight leval flight in
still air is defined as operatlng under a load factor of
1 in” g units.

For some time, the d=ssign criterion for airplanses has
been that they shall be able to withstand the acceleration
produced by a 30-foot-per-second gust without a permanent
set being produced and a load 1 5 times as great without
fallure. 3 , ]

The first éfep inraﬁniyiné thésémﬁfife}ié to faéigué
data is to determine the increment in lcad factor produced
by a gust of any given magnitude.
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Considering the airplane as a rigid body, the relation
between gust veloclty and increment in acceleration can b=
expressed by the equation:

An = KIUe (1)

where An 1is the increment in load factor (or acceleration
in g wunits) and U, 1is the effective gust velocity in feet
per second. The factor K, 1is a function of the design of

the airplane and the airspeed at which the airplane encounter

the gust Ug.

For conditions of straight, level flight the factor K

1
is given by the equation:
0o akVe
K, = =2 (2)
' ¥
S

(See reference 1, p. 4.)

In this equation Po is the mass density of air at sea
level = 0,002378 slugs per cudbic foot. The term ¥ 1s terme
by Rhode and Donely (reference i, p, 4) the "relative alle-
viation factor" and allows for the relative mass effect on
the response of the airvlane to a gust. Fipgure 1 (reference
1) shows the variation in thls factor with wing loading.

The term Ve is the equivalent air speed, indicated air-
speed corrected forX installation and instrument errors in
feet per second; = 1s the wing loading in mounds per square
foot; W 1ieg the weight of the airplane in pounds; and S

is the effective wing aresa in square feet; a 1s the slope
of the 1ift curve per radian.

On substituting (2) in (1), the relation
82 ak

An = 2 veUe (3)
w
S

is obtained.

Cn inspection of this relation, it 1s to be noted that
the increment of load factor nroduced by a given gust is
not only a function of the design of the airplane, but is
also to some extent under the control of the pilot. That is,
the pilot may mitigate the effect of large gusts by reducing
the airspeed, limited, of course, by controllability.
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In order, to make the,apniication of equation (3) to
gust and fatigue data quantitative, some values for a hypo-
thetical plane will be substituted In (3).

It will be assumed that:

1. The wing losding W/S 1s 28 pounds per square foot.

(See reference 2, fig. 3.)

2, The X value corresvonding to this (fig. 1,
reference 1) is 1.11,.

3., The slepe of the lift curve is W.7 (roughly an
average value for airplanes of this size),

4L, The cruising speed is 220 miles per hour or 323
fert per second (reference 2, fig, 1). If
these values are used, (3) becomes

An = 0,0715 U, (W)

The "load factor" for tiis hypothetical airplane at any
given pgust velocity is given by th2 relation

n 1 + 4An

1 + 0.0715 U, (5)

- The limit load factor, as noted, is reached when U,
becomes 30 f=et var second, or

n; = 1 + 0.0715 x 30 = 3,14

and ths ultimate loed factor (defined as 1.5 times the limit
load factor) will be 4,71,

, Thus, the gust velocity which will Just develon the
ultimate load factor will be:

n. -1 W71 -1
u
= - = 51,8 feet per second

Ug = . .
9.0715%

0.0715
and is considered to be applied at the centsr of gravity of
the airplane.
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It should be understood that the acceleration (and ther
by the load factor) produced by a gust as computed atove
aprlies to the state of affairs at the center of gravity of
the airplane. 1Individval parts of the airframe may have an-
acceleration different from that given by (3) for a given
gusto. Thus, in applying the analysis given in this report
to detailed design, the designar should use the relation
between gust velocity and acceleration pertaining to the
part under consideration,

Relation between Losd Factor and Stress

The next step in applying gust data to the fatigue
problem is to develop a relation between load factor and
stress.

In some cases, and particularly where redundant struc-
tures are involved, the stress at a given location in an air-
frame will not be directly provortional to the acceleration
(or load factor) as computed; also. at different locations
in the same ailrvrlane the relation between these two quanti-
ties may vary. Thus, for detailed design, the designer would
need to know the exact relation between stress and accelera-
tion for the part under congideration; however, for the pur-
pose of illustration in this revort it will be assumed that
the equation relating stress and load factor is

o = Kzn (6)

where X, 1is a constant and n 1is the load factor as glven

by (5).

For .the purvose of this report the necessity for develow
ing a method of evaluating X, can be avoided bv the follow-
ing expedient.

Let Oylt 2e the ultimate strength of the part under
consideration. This stress value will be reached when
n = n;,3¢ 2and the percent of ultimate strength produced dy
any load factor is given by

P

o]
percent of ultimate strength =5 7¢ X 100
Kyn

n
. X 100 = - X 100 (7)
Konyig nyly
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By means of equatlons (3) and (7), and the design
criterion (that 1imit load is produced dy a 30~-foot-mer-
second gust, and the ultiwate load factor is 1.5 times the
limit load faﬂtor) it is possible to compute the state of
stress at any part in the wing structure in terms of the
ultimate static strength of that part.

2. DISCUSSION OF GUST DATA

Rhode and Donely (reference 1) vecently have published
a compilation of flight data which they have used to develop
some representativs summation curves of the relative fre-
guency of occurrence of atmosvheric gusts. The information
from reference 1 vertinent to this report is discussed below.

Sumnation Curveas

Figure 1 (fig. 7 of reference 1) shows the summation
curves developad by Rlhiocde and Donely. The two curves A and
B represent, respectively, the approximate upper and lower
limits of the data av~ilable to them. The significance of
points on these curves is given by the following 1llustration
Foint "a" on curve A indicates that out of 1,000,000 gusts
there will be 3200 up gusts and 2200 down gusts having a
velocity greater than 10 feet per second and u06 02 up gusts
and 496,800 down gusts having a velocity less than 10 fe=t
per second. It is to be noted that the data examined by
Rhode and Donely indicate that there are an egual number of
ur and down gusts.

Note, also, that curve £ stovs at a gust velocity of
+40 feet per second. The significance of this is that gusts
having a velocity greater than this value are so - infrequent
that the shape of the curve cannot be established on the bas
of aveailable data.

Whils summation curves such as those shown in figure 1
could be used directly, if fatigue information were complete
enough, there are a number of vpractical reasons why it is
more desirable to divide the summation curve into steps in
which gusts within a given interval are lumped together; so
the next step in relating gust and fatigue data is to chose
s prorer value for the gust class interval. The choice shoul
satisfy the following requirements.

1. It should be large enough that the numder of steps
needed to anproximate the summation curve can ba reasonably
reproduced in the laboratory.
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2. Tt should be small enough that lifetimes predicted
from its use are not too far different from those ®Bredicted
by the summation curves themselves.

In analyzing data vrior to the construction of summatio:
curves, Rhode and Donely used a gust class interval of 4.5
feet mer second. The use of this interval divides the range
in gust velocity into 10 clasgses, which is a reasonadble
numbver as far as laboratory procedures are involved. As a
first apvroximation, this interval was used in this report.

A number of cases also Wwere worked out for a gust class
interval of 2 feet per second in ordesr to find out whether

s narrower class lanterval was necessary. It was found that
the lifetirmes predicted by the use of the N,S—foot-per—
gsecond clags interval differed from those vredicted by the
2-foot-per-sscond class interval by less than 20 percent

and in all cases Were conservative - that is, the larger clas:
interval predicted a shorter lifetime.

As will be shown later, the variation in 1ifetime pro-
duced by using the lower limit of Rhode and Donely's data
(see fig. 1) instead of the upver limit is very much larger
than 20 percent,

In view of this fact it does not seem unreasonable to
use an approximation to the upper limit of Rhode and Donely's
summation curves as a means of comparing the lifetimes of
various structures.

The approximate gust fredquency diagram which is used for
this report 1s illustrated in figure 2, It 1is to be noted
that the gust class interval is N,5 feet per second, and that
each clasg interval is characterized by the gust velocity,
at the mldpoint of that interval.

Distribution of Uvp and Down Gusts

The data examined by Rhode and Donely led them to the
conclusion that there are about an equal number of un and
down gusts; however, it is not yet possible to make a general
statement as to the sequence of thege gusts, That is,
questions, such as

1, Is an up gust generally followed by a down gust?
2. Do large gusts generally occur together?
and so forth, cannct yet be answered with certainty,

It is not possible to develom a relation between the
information on gusts and fatigue data without some knowledee
as to the sequence of the gusts. Conversation with members
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of the NACA and others who have examined a great many accelr
cmeter records leads to the conclusion that it is more likel
that 2n up gust is followed by a down gust than for two uv o
two down gusts to occur together. On this basig, it has be-s
assumed for the purpose of this repori that up gusts are al-
ways followed by down gusts of 2aual magnitude. Figure 3
shcws schematically two possible interpretations of gusts
records. Figure Zb shows the tyne chosen for use in com-
vputation in this report. The %type of gust sequence distribu-
tion chosen 1s equivalent to assuming that the increments

in load factor are distributed around 1lg 1loading as a mean
valuz. In view of the fact that in some cases several up or
down gusts may occur togather, the assumption made as a basis
for conmnputation is a conservative one.

Minor Gusts

The gust data discussad so far are what Rhode and Donel:;
term ‘‘major gusts," Superimposad on this major gust pattern
is a pattern of minor gusts. There is not so much known
about these superimposed gusts; however, there is enough
known to allow them to be used in computations.

Rhode and Donely (reference 1, p. 19) state that there
are about twice ag many of these minor gusts as major ones,
They also state that, while a few ¢f these minor gusts were
as large as H.S feet per second, the great majority were in
the order of 0.3 fset per second.

For the purpose of this report tke following assumption:
will be made regarding the minor gusts.

1. A1l minor gusts have a velocity of 2 fest per second.
This assumption is conservative, since Rhode and Donely stat:
that the great majority have a velocity in the order of 0.7%
feet per second and only a few are as large as 4.5 feet per
second. '

2. All minor gusts occur at the meaks of major eusts.
This assumption obviously is cons=rvative because, since
peaks were counted, actually no minor pusts had peaks higher
than the major gusts,

3, A1l the minor gusts are acssociated with the most
damaging type of gust (that is, all minor éusts are Aassoci-
ated with either up pusts or down gusts) and there are twice
as many minor gusts as major gusts, or four times the num-
ber of pairs of major gusts.
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This last assumption facilitates the use of available
fatigue information. TFigure 4 illustrates schemmtically
the picture of minor gusts used as a basis for comprutation
in this revport.

The three foregolnug assumptions for minor gusts obvi-
ously exaggerate thelr importance. This exaggeration is
delibarate because, as will be skown later, even with this
overemphasis on the severity of these gusts they contribute
very L1ittle to shortening the lifetime of materials,

Fumber of Gusts per Mile of Owmeration

The preceding discussion gives the probable distributior
in magnitude of gusts which might b2 encountered over a long
period of time. In order to translate this information into
service life of an airmnlane., it is necessary to know how
often gusts are ancountered. Rhode and Donely assumed that
two cases should be considered - an airplane flying 1in
turbulent air and one flying in still sir. They define a
term "path ratio" as the ratio of the length of vath in
turbulent air to the total length of path. Examination of
data from widely separated sources indicated that this path
ratio might vary from 0.005 to 0.24 with an average value
of about 0.10,

The number of gusts encountered per mile of turbulent
air depends on the size of the airplane, Rhode and Donely
show that in turbulent air an airplane on the average en-
counters a gust every 11 chord lengths. TFor an airplane
having a 10-foot mean chord this will amount to 4g gusts par
mile, On the basis of the above, the total number of pgusts
per mile of operation (¥) can be computed by the equation

_ hgor (2)

-

C

when r 1is the path ratio as defined ~nd ¢ is the mean
wing chord, in feet, for the airplane under consideration,.

3, DISCUSSICN OF DATA ON THE FATIGUR STRENGTH
OF SOME AIRFRAMT ELEMENTS

Conventional fatigue data are presented by means of what
are called S - N curves. A point on such a curve represent
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the number of cycles a part can endure of a stress cycle S.

There are many ways of designating this stress cycle.
For example, S may represent the maximum stress in a cycle
which extends from +S5 to =S, or it may represent a cycle
having a maximum value S; »nd a minimum value S, or 1t
may have other meanings. The curves algo may have different
meanirngs., That is, the points on a curve may represent a
condition where the rnean stress in the cycle is kept con-
stant, or they mAy be drawn for the case where the ratio of
rinimum to maximum stress is kept constant, or other types
of curves may be use¢d by individual investigators. Thus,
in using fatieue test data, it is necessary to know just what
is meant by the curves, : '

In general, there is no hard and fast relation between
the fatigue strength cf n part and its static strength. In
most cases, the static failure is accompanied by some duc-
t1lity, while the fatigue failure is not. In a part such as
n riveted joint, for example, the static failure may be shear
failure in the rivats, while the fatigue failure may dbe by
cracks in the sheet between rivets; so the tyve of static
fatlure may have no apparent relstion to the type of fatipue
failure in the same part and may not be even in the same lo-~
cation. H:vertheless, for th: purpose of this report it is
convenient to exoress fatigue behavior in terms of static
strength.

In many cases data are availadble which show that under
a given static load an airframe part will fail by bdbuckling,
t2aring, or some other form of catastrophic failure. The
addition of fatigue data to the static.data would nrovide in-
formation as to how many times the part under considseration
could survive the repetition of a stress smaller than the one
producing static failure without failing in fatigue. While
it is always desirable to be able to exvwress the load a2t
failure in terms of the stress at the location of the failure
it is not always practicable to do this, particularly witk
redundant structures, However, if the fatigue strength unde:
a given loading cycle is exvressed as a percentages of the
load for ultimate static failure it is Dossible, by means of
the scheme which will be outlined, to obtain some idea as to
the lifetime of the structurs under repenated loads without
a detailed knowledge of the 2xact stress situation a2t every
point. ‘
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Most of the laboratory fatigue information at prasent
available, which is directly applicable to airframe struc-
tures, is in the form of so-called R curves (see reference
2, P.6). These curves constitute a family in which the
maximum algebraic stress in a repeated stress cycle is plott
against lifstime. Each curve of the family represents a
different constant ratio of minirum to maximum stress. Fig-
ures % and 6 illustrate such families of curves on two widel:
different types of lap Jjoint in =aluminum sheet. In both of
these the stress cycle applied was a direct stresg; that is,
no bending stresseg were delidberately applied. These curves
were plotted in terms of ultimate static strength as were
suggested, In sstablishing curves of this tyre, it is gen-
eral exverience that a number of voints are resquired, and
there is invariably some scatter in results, so the curves
really remresent the center of scatter bands. Actual points
are shown in figure 5 to 1illustrate the amount of gscatter
expected, In complex structurss the scatter may be more thar
indicated here. In view of the fact that obtaining data of
this type 1s time consuming. most data available represent
few R curves and in most casz2s the curves do not oxtend be-

.yond 10,000,000 cycles.

In order to combine the gust and fatigue data, it is
necessary to lnterpolate hetwesen R curvesg and also to ex-
tend data beyond 10,000,000 cycles., Based on experience
with this type of data some rules for extrapolation and inte-
polation have been =2volved which, it is believed, will pro-
duce results which are close to values that would be obtaine:
from actual measuremsnts and which are "conservative.® Thnat
is, the use of these rules should not lead to unsafe struc-—
tures.

Cne of the considerations in formulating these rules wa:
provided by the convention discussed above, that up and down
gust loadings are grouped sround a mean load. The adoption
of this convention leads to the conclusion that it would be
desirable to have the fatigue data in terms of constant mean
curves instead of thz constant R type. Accordingly, the
rules have been made convenient to obtain these constant mear
curves,

The steps involved are:

1. Replot the data from constant 'R curves, such Aas
that in figures 5 and 6, in terms of maximum versus mean load
for constant lifetime. PFigures 7, %, 9, 10, 11, 12, and 13
illustrate curves of this tvpe for different types of struc-
tures., For convenience in vlottinge these curves from the
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R eurve data, lines of eonstant R  are plotted on the maxi-
mum load-mean load diagram. These lines are obtained from
the equation

mean lecad R + 1 (9)
- =
maximuin load 2

On examining figures 7 to 13, it will be noted that
the curves of constant lifetime are practically straight
lines for ratins of from C.25 to 0.75, and in figures & and
13, where data on low values of R were obtained, this
linearity extends fairly well throughout the entire range
in R. Furthermore, it will be noted from figures 8 and 173
that, if it is assumed that this relatien is linear, stress
values at low and negative values ¢f R are conservative,
On this basis, the methed used to find fatigue strengths at
R values, other than those for which there are actual data,
is to draw straight lines through the voints available and
extend these to low values of R. The curves in figures 7
to 13 can be ussd to cecnstruct S - N curves for constant
mean stress. Figure 14 shows a series of such curves plotted
for a constant mean 1load of 21.2 percent of the ultimate
strength. This value was chosen to fit with the illustrative
exemple on gust loading given eariier in the revort.

2. As was noted above, avallable fatigue data rarely
extends to greater thanm 10,000,000 cycles. Some helv in
extending the constant mean curves to lifetimes longer than
10,000,000 cycles is obtained from fipure 14. It will dYe
noted that at 107 cycles the "constant mean" curves in
figure 14 do¢ not lie far above a stress value 21,2 percent
nf the ultimate strength. At 21.2 percent of the ultimate
strength the lifetime should be infinite because this revre-
‘sents steady stress. PFrom this fact, the slope of the
extrapolated curve can be located within fairly close limits,
furthermore, from data such as those of reference 3, which
extend to over 100,000,000 cyeles, it is seen that if the
slope of the fatigue curve at 107 cycles 1y prolonged it
will lie under the actual curve and will, therefore, be
congservative. On these bases the method of extrapolating
to long lifetimes used in this repsrt is to extend the
ecsnstant mesan curve using roughly the slope at 107 cycles,
making the curve intersect the psint where the mean load
equals the maximum load at 102 cycles. By using this
nethod, it is believed that the extrapclated curve will be
¢lnse to, but somewhat under, the curve which wculd be ob-
tained By actual measurement,
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Fatigue Damage

Points on the fatigue curves just described were obtainec
by repeating a given stress ecycle; however, in service, a
part will be sudbjected to an irregular series of stress cvcle
It is, therefore, important to know how much reveated load-
ing at one stress cycle will affect the lifetime at another
gtress cycle, or in cther words, how much damage is produced
by a given stress cycle repeated "n" times.

There are not enough data available $t0 allow this quan-
tity t¢c be handled precisely; however, there is enough known
about damage in general to allow rules to be developed which
will usually predict the effect of damage within the scatter

band surrounding fatigue curves, and which in any case will
lead to safe design,

The most careful work on fatigue damage has been done on
steels; however, there has been some work on other metals.
(See reference 4, p. 188-200.}

From this work the following general statements can be
made regarding fatigue damage:

1. Repeated cycles of low stress usuvally have a strengtt
ening effect. This is especially true with steels where the
stress cycle is under the endurance limit; however, it is
also true for nonferrous allovs uv to a certain number of
cycles.

2. While cycles of high stress are in general damaging,
a certain number of these can be repested without avvreciadly
altering the number of cycles that can be endured at a lower
stress level,

From the above it can be seen that repeated stresses
can be both damaging and strengthening.

Recently, Miner (reference 5) has suppested a scheme

whereby the effect of damage c2n be estimated aquite closely
at least for 24sS-T Alclad.

His scheme is based on the assumption that every cycle
at any stress produces some damage and that the damage pro-
duced by any stress cycls is proportional to the lifetime
at that stress.

Thus, the life of a part under » stress spectrum can be
commuted from the equation
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1 n n_ .
I - A S | (10)
N N N

1 e 3

where =n, 1is the number of cycles at stress cycle S, having
a votential l1ife of Nl cycles., '

There are tWo unconservative asmects to this assumption,

1, It ignores the possibility that the damage may be
greater for some strass cycles than would be predicted from
direct proportionality.

, 2. Brueggeman, Mayer, and Smith (reference 6) have show:
that the 1ifetime under a sirple stress gpectrum consisting
of one series of high stresses and one series of low stresse:
depends on whether the high stress cyvecles or low stress cycle
are applied first.

These unconservative aspects are, however, more than
balanced by the following conservative factors,

1. The scheme atiributes some damage to all stress
cycles, whereas, the facts are that a certain number of

cycles. at any stress can be applied without producing apprec’
able damage.

2. Strengthening from undesr stressing is ignored. Since
most of the stress cycles applied in service are at a low
stress level, this factor 1s quite conservative.

%, While the findings of Brueggeman, Yayer, and Smith
are correct when the high and low stress levels are sharvly
segregated, in gervice where high and low stresses are
alternated the effect should be greatly minimized.

The usefulness of - the scheme provosed by Miner has heen
checked experimentally both at the laboratories of the Dougls
Aircraft Company, Inc. (reference 5) and at Battelle. At
both places lifetimes predicted from eguation Q0) are WwWithin
the scatter band for measured lifetimes for all cases tried
so far, :

4, THE COMBIWATION CF GUST AND FATIGUE DATA

A number of cases have besn worked out illustr=ating how
gust and fatigue data can be combined, These examples have
been based on the following factors:
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1, In all cases examples have been worked out using the
gust distribution curve shown in fipgure 2, Tn this figure
the class interval is 4.5 feet per second. This distridutio:
is based on the uppser limit of Rhode and Donely's data.

2. Several cases are computed using a gust class inter-
val of 2 feet per second to show that this interval predicts
somewhat longer lifetimes and is, therefore,, 6 less con-
servative than the 4.5-foot-ver-second interval.

3. A case has been worked out using the lower limit of
Rhode and Donely's data and a 4.5-foot-per-sscond gust class
interval. This case shows how much longer lifetimes are pre-
dicted from the use of their lower limit,.

4, In all cases it is assumed that up and down incre-
ments in load factor are grouped around a g load as a
mean value. The idealized shape of the major gust curve
used is shown in figure 3b.

5. Several cases for widely different types of struc-
tural elements have been worked out showing the effect of
minor gusts. The i1dealized ghape of the minor gusgt pattern
is shown in figure 4.

6. The airplane used for illustration is assumed to
have the following characteristics:

(a) It is designed for limit load at a 30-foot-per-
second gust.

() It has a cruising speed of 220 miles per hour.

(¢) It has a limit load factor of 3.14 and an ultimate
load factor of 4.71.

(d) At a load factor of 1lg (zero gust velocity) the

stress in a part under consideration is 21,2 Pper-
cent of its ultimate strength (100/4.71).

7. In order to reduce the lifetime in gusts to milesg or
hourg of operation it is assumed that the mean wing chord is
11 feet and the path ratio is 0.1.

8, The fatigue curves uvsed for computations are shown
in figure 14,

Tables 3, 4, 6, 7, &, 9, 11, and 12 show the effsct of
major gusts computed in various ways. In these tables the
various columns have the following significance:
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Column 1 is the gust frequency distribution taken eithe:
from figure 2, wvhich is based on a class interval of L.5 fe-
per second or on a tasis of 2 feet per second; the interval
used is designated as the caption of the table. The numbers
in this column are based on a total of 1,000,000 gusts.

Column 2 is the magnitude of the pust velocity at the
midpoint of the interval.

Column_ 3 is the load factor in "g" units associated
with the pust velocities in column 2 as computed by equation

(5).

92;395_& is the maximum load in vercent of ultimate
strength associated with the load factors in column 3 as
computed from equation (7).

Column 5 1is the potential lifetire in cycles associated
with the maximum loads 1in column 4 when the mean load is
21.2 percent of the ultimate strength, These values are

obtained from {he appropriate fatigue curve in figure 14,

Column 6 contains numbers which are the ratio of values
in column 1 to those in column 5 expressad in vercent. The
figures in this column represent the amount of life exhausted
by the number of gusts in a given class interval. The sum
of all numbers in column 6 is the percentage of lifetime
exhausted by 1,000,000 gusts having magnitude-freaquency dis-
tribution shown in columns 1 and 2.

The 1ife in miles associated with major gusts is com-
puted from the equation
| 1000000 ;
Life in milss = . 200 X 0 (11)
v sum of col. 6 Fo

where F is computed by equation (&), using a path ratio of
0.1 and a mean chord of 11,0 feet, ¥ 1is 4,37.

Tables 5 and 10 show the effect of minor pusts on two
widely different tynes of lavp Joint.

In these tables the various columns have the following
significance.

Column 1 is computed by multiplying the number of pairs

- o

of gusts in each class interval (fig. 2) by 4.

Column 2 is computed by adding 1 foot per second to the

———— e o e

gust velocity representing each class interval.  (S=e fig. H.
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Column 3 is computed from column 2 by means of equation

(5).

Column 4 is the mean value for minor gusts and is the
same as the maximum value for major gusts, (See col. 3 of
tables 1, and etc.,)

Column 5 is the lifetime associated with the maximum

- — e et

loads as given in column 3 and the mean loads as given in
column M. These lifetimes are read from curves constructed
with the use of figures 7 and 1% and using the rules of
extrapolation discussed atove.

Column 6 contains values in column 1 divided by those

in coiﬁhn‘B expressed as percent of total life.

The sum of values in column 6 is to be added to the
similar value as obtained in tables 1, 3, 4, 6, 7, &, 9, 11,
and 12 to determine the lifetime exhausted by both major and
minor gusts for 1,000,000 major gusts.

DISCUSSION OF RESULTS

In tables 1 to 12, lifetimes have been computed for a
series of structural elements having widely different vproper-
ties according to rules developed in this revort.

‘These computations show both the limitations and the
.possibilities of the proposed scheme regarding the avpli-
cation of gust frequency data to fatigue information,

In order to utilize the fatigue data available it was
”neqessary to deviate to some extent from recognized design
practices. It is usual in design to compute skin stresses
and- th=n to make the Jjoints strong enough to withstand these
stresses whatever they may be, When this method is used, the
Joint may or may not be critical,. Tre joints on which there
‘Wware suitable data were not designed to develop maximum
stresseg in the sheet under the loading conditions used;
therefore, all of the compulations were made in terms of
Joint strength rather than sheet strength. 3By expressing
all strengths in terms of wvercent of ultimate strength., how-
ever, the treatment has been made nonspecific as to just
where failure must occur; therefore, the same princivonles used
here could be made to apply to any design situation.
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While the computations show that for various reasons,
which will be listed below, it is not vossible, at present,
to predict uneguivocally the life of a part in a given air-
plane, it is poscible to obtain information about the relati
1ifetime of alternate designs, and there are certain other
conclusions which appear to be reasonably secure regardless
of future additions of information. Soms conclusions based
on the computatiors given in tadles 1 to 12 are:

1. The majJor effect on lifetime in all lap Jjoints is
nroduced by gusts in the range from 4.5 to 9@ feet per second;
on sheet material the range is from 4,5 to 13.5 feet per
second.

2. In all cases computed, gusts having a velocity greate
than 26 fest per second have a negligible effect on lifetime
tarring, of course, gusts large enough to fail the structure
statically.

3. Tables 5 and 10 show that for widely different types
of lap Jjoints minor gusts have very little effect on life-~
time, This result is obtained in spite of the fact that the
magnitude of minor gusts was exXaggerated.

4, As was mentioned adove, customary design procedure
attempts to develop maximum allowable sheet stresses, For
one row of rivets svaced 3/4 ineh in 0.040 2LS-T Alclad
sheet; the static ultimate strength of the joint is reached
when the stress in the sheet is only 23,100 psi. When this
joint is operating at a load factor of 4,71 it will have a
lifetime computed by the metkhods develooed here of 19,300
hours. (See tadble 1.) 1If the number of rivets is doudbled
by inserting a second row, the stregs in the sheet will be
4g,200 psi when the joint is .at its ultimate strength, a
value more than double that obtained for a single row of
rivets. However, if the Joint containing two rows of rivets
is subjected to the gust stress cyecle at the same percentage
of its ultimate strength its lifetime will be only 32u0
hours. (See table 6.) Thus, while doubling the number of
rivets will doubls the strength nf the joint as judeed by
static tests, the stronger joint will not last so long when
operated at the new strength level. Tables 7, 9, and 11 show
that this same state of affairs applies to one and two rows
of spot welds; heWever, the varticular Joint having three rows
of spot welds investigated can onerate at full strength and
will have a life even longer than the single row Joint opera-
ting at an equivalent strength level,




NACA ARR No. HH27 19

Many of the uncertainties in predicting the lifetime of
airframe parts originate with the flight datsa, The most im~
vortant sources of uncertaintity can be summarized as follows

1. The data examined by Rhode and Donely do not lead to
a definite gust magnitude-~fregquency distribution, They,
therefore, report two distribution curves revresenting the
upper and lower limlts of the data available to them. On
comparing the data in table 1 (computed from curve A, fig.
1) with that in table 2 (computed from curve B, fig. 1) it
is seen that the predicted life denends on whether the upper
or the lower limit of Rhode and Donely data is used as a
basis for computation. It is possible that as more data are
accumulated this situation will be improved; however, it will
probably never be possible to develop a universally applicadl
distribution curvsa,

2, One of the most important gaps in present information
is the lack of knowledge of the sequence of un and down gusts
In this report it has besen assumed that they are grouped in
such a manner that the mean load factor can Ye considered to
be 1lg. This assumption is a conservative one and may be %oo
conservative.

3. It has been assumed that the acceleration at the cen-
ter of gravity of an airplane is directly proportional to the
gust veloecity (equation (1)); however acceleration at other
locations may not be directly provortional, and the functiona
relationship may be different in different airplanes. This
same argument apvlies to the relation DbYetween acceleration
and stress at any location in an airplane, In this revort it
has been assumed that both relations are linear; however, as
more accurate information becomes available the methods de-
veloped in this remort c2n be apvlied to any typve of functione
relationshin by merely substituting the true value of stress
associated with each gust velocity instead of the valve vre-
dicted on the basis of direct provortionality.

CONCLUDING REMARKS

Since the examples in this report were confined to effec:
resulting from gust loading, they apply only to the wing struc
ture of an airplane, Tail structures, landing gear, and so
"forth, are also subjected to repented loads; however, these
usually result from other sources than gusts. Nevertheless,
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whenever the repeated load history of any pmart is known, it
should be possible to apply the same method of analyvsis used
Lhere, ‘

in providing the link betwesn load history and fatigue
data, the most important factor is the sssumption used for
estimating damage from repeated loads. 'The one uvused in this
report was provnsed bty Miner, 'This assumption is open to
criticism, and it is possidbie to demonstrate that, under
certain specific loading cycles, it is not correct. (See
reference 7.) The sequence of loading cycles, under which
Mineris prcposal does not hold for steels at least, is one
in which all high loads are separated from all low loads.
Since in service loading the loads are mixed, it s=zems
posgitle that his proposal will hold much more closely for
service loading than for idealized load sequences.

As noted in the report, Min=sr'e proposal has already
received some experimental verification for mixed loadings:
however, in view of the importance of this assumption, it
should recsive further exrerimental study.

Battelle Memorial Institute,
Colurmbus, Ohio, May 15, 195,
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TABLE 1

Life Date on Lap Joint Using One Row of AN426AD-5 Rivets in ,040 - 24ST
Alclad Sheet, Static Ultimate Strength as Meesured = 693 Lbs./kivet.

See Figures 5, 7, and 14 for Data on Fetigue Strength., Computed For Gust
Class Interval of 4,5 Ft./Sece

1 2 4
Frequency Mean 3 Max. 5 6
of Occurrencs Ug, Load Load in N, %
In 1,000,000 Gusts | Ft./Sec.|Factor,n | % of Ult, | Cycles | of Life
435,000 2,25 1,161 24,6 > 108 435
54,000 6475 1.484 31,56 | 2.0 x 108 | 2.70
5,000 11,25 1,805 38.4 | 3.0 x 105 | 1.67
500 15,75 2.125 45,2 | 1.0 x 10° .50
50 20.25 2445 52,0 | 4.5 x 10% J111
5 24,75 2,77 58,8 | 2.0 x 10% 025
1 29425 3,09 65,5 | 9.5 x 10° 0105
o3 33,75 3041 7244 | 4.2 x 103 «0071
o1 38425 3.74 79.5 | 2.0 x 103 0050
03 42,75 4,06 8602 | 845 x 102 +0035

16 -

Sum of Col, 6 = 5.,467% life used in 108 gusts

Life

18,3 x 106 gusts
= 4,25 x 10% miles (See equation 11)

= 19300 hours at 220 miles/hr,
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TABLE 2

Life Data on Lap Joint Using One Row of AN426AD-6 Rivets in ,040 24ST
Alclad Sheet,

Computations Similar to Those in Table 1 Except That Lower Limit of Gust~
Frequency Data (See Fig, 1) Has Been Used as a Basis For Computation
Gust Class Interval 4.5 Ft./Secs

1 2 3 4 5 6
Frequency Mean Load Max,
of Occurrence Us, Factor,|{ Load In N, % of
In 1,000,000 Gusts | Ft./Sec, n % of Ulte] Cycles Life
488,000 2,25 1,161 24.6 . 108 488
11,000 6475 1,484 31,6 |2,0 x 108 #5650
850 11.25 1.805 38.4 [3.0 x 10° .280
48 15,75 2.125 45.2 |1.,0 x 10° «048
6 20,25 2.45 52,0 |4.5 x 10% .013
1 24,75 2,77 58,8 |2.0 x 10% 005
o2 29,25 3,09 65.5 |9.5 x 108 002
<06 33,76 3.41 72.4 |4.2 x 108 <0014
.02 38,25 3.74 79,6 |2.0 x 10% «001
.01 42,75 4,06 86.2 |8.5 x 102 +001

Sum of Cole 6 = 1,39% of 1ife in 105 gusts
Life T X 10 72 x 10° gusts

= 16,5 x 106 miles (See equation 11)

= 75000 hours at 220 me.p.h.
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TABLE J

Life Data on Lap Joint Using One Row of AN426AD-5 Rivets Spaced 3/4" In
«040+24ST Alclad Sheet, Static Ultimate Strength as Measured = 693 Lbs,
Rivet., See Figures 5, 7, and 14 For Fatigue Strength Data. Computation
For Gust Class Interval of 2 Ft., Secs See Table 1 for Computation on
Gust Class Interval of 4,5 F‘t./Sec.

1 2 3 4 5 6
Frequency of Mean Load Max. %
Occurrence In Ue, Factor, Load In N of

1,000,000 Gusts | Ft./Sec. n % of Ulte Cycles Life
295, 000 1 1,071 22.8 109 | .029
125,000 3 1,214 25,8 7 x 107 <178
50, 000 5 1,358 28,8 6 x 106 «832
21,000 7 1,500 31.8 1.5 x 108 {1,400
5,820 9 1,642 34,8 6 x 10 .970

2,100 11 1,785 37.8 3.4 x 109 | .6188

690 13 1,930 40,9 2.0 x 105 | .346
270 15 2,07 44,0 1.03 x 105 ,262
88 17 2.21 46,8 9 x 104 »098
32 19 2,36 50,0 5.6 x 104 | ,057
11,7 21 2.50 53,0 3.8 x 104 | 042
4,3 23 2,64 56,0 2.8 x 104 | ,0153
2.1 25 2.79 59,2 1.8 x 10¢ | 0117
o9 27 2,93 6242 1,03 x 104| .009
038 29 3.07 65.0 1,0 x 104 | ,0038
.24 31 3.20 67.9 7.0 x 103 | 0034
017 33 3.36 71.2 5,0 x 103 | ,0034
.09 35 3,50 74,2 3.5 x 103 | ,0026
.05 37 3.64 77.2 2.5 x 103 | ,0020
.03 39 3,79 8044 1,7 x 105 | ,0017
.01 41 3,93 83.4 1.03 x 10%| ,0009
«009 43 4,08 86.7 8 x 102 .0010
«003 45 4422 89.5 6 x 102 . 0005

Sum of Col, 6

4,88 % life used in 108 gusts

Life = 20.6 x 106 gusts

4,72 x 106 miles (See equation 11)

21400 hours at 220 m.p.he

Vb -o1 .
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TABLE 4

w-9/

Life Date on Lap Joint Using One Row of 5/8" - 17ST Hot Driven Rivets
Spaced 1-7/8" in 1/4% < 17ST Sheet, Sse Figures 6, 8, and 14 for Data
on Fatigue Strength, Computed for Gust Class Interval of 4,5 Ft./Sec.

1 2 3 4 5 6
Frequency of Mean Ioad Max, %
QOccurrence In Ue, Factor, Load in N of
1,000,000 Gusts | Ft./Sece | = % of Ulte | Cycles | Life

435,000 2,25 1.161 24,6 2 x 107 2.19
" 54,000 6,75 1,484 51,6 | 1x105 | 5.40
i 6,000 11,25 1,805 38.4 4 x 10° 1.25
500 15,75 2.125 45,2 1.5 x 105 | 332
50 20,25 2446 5240 6 x 104 +083
5 24,75 2,77 5848 3 x 10% +016
1 29,25 3.09 6545 1.5 x 108 | ,0066
.3 33,75 3.41 7244 6 x 10% +0050
ol 38.25 3.74 7945 3 x 103 +0033
»03 42,75 4,06 8642 1.4 x 105 »0020
Sum of Cole 6 = 9,29% life used in 106 gusts
Life = 190 5 106 2 10,8 x 106 gusts
9.29
= 2,47 x 106 miles (See equation 11)
: = 11250 hours at 220 m.p.h.
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TABLE &

The Effect of Minor Gusts om the Life of a Lap Joint Using One Row of
AN426AD=-5 Rivets in ,040™ - 24ST Alclad Sheet, See Table 1 For Computa=
tion on Major Gusts, See Text for Method of Computation.

1 2 3 4 5 6 7T
Frequency of Ue Sum Max, Mean
Minor Gusts In of Major| Load Load of Minor %
Each 1,000,000 4+ Minor |Factor, | % of | Gusts in % N of
Me jor Gust Gust n Ult, of Ult, Cycles Life
1,740,000 3,26 1.232 | 26.2 24.6 10° 174
216,000 7.75 1,565 | 33,0 31,5 10° .021
20,000 12.25 1.875 | 39.8 38.4 109 .002
2,000 16.75 2.200 | 46.7 45,2 109 0002
200 21,25 24520 | 53.5 52,0 109 |negligible
20 25,75 2,830 | 60,0 58,8 109 "
4 30.25 3.16 67.0 85.5 109 "
1.2 34,75 3.48 73.8 72.4 10° "
o4 39,26 3.81 80.6 79,6 109 "
Jd2 | 43,75 4.13 87.2 86.2 10° "

Sum Of 001. 7= 0198%
Contribution of minor gusts to lifetime
using figure of 18.3 x 106 gusts as tatal

lifetime (Table 2) contribution of minor

gusts in 3,6% of total life,

1 -~
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I4BIE 6

Life Data on Lap Joint Using Two Rows of AN426AD-5 Rivets in ,040 - 24ST
Alclad Sheet, Static Ultimate Strength as Measured = 725 Lbs,/Rivet,
See Figures 9 and 14 For Data on Faitgue Strength., Computed for Class
Intervel of 4.5 Ft./Sec. See Text for Method of Computation,

W= 9y

1 2 3 4 5 6
Frequency of Meen Load Max, %
Occurrence In e) Factor, Load. N, of
1,000,000 Gusts | Ft./Secs| n % of Ulte| Cycles Life

- 435,000 2,26 1.161 24,6 108 435

54,000 6.75 1.484 31,5 2.3 x 10° | 23.40
| 5, 000 11,25 1.805 38.4 7.5 x 10% 6.67
500 15,75 2,125 45,2 3.8 x 104 1.32
50 20,25 2445 52,0 2.3 x 10% 022
5 24,75 2,77 58,8 1.3 x 104 038
1 29,25 3,09 6545 8 x 10° .0125
'3 33,75 3.4l 72.4 4.8 x 108 006
o1 38,425 3.74 7945 2.9 x 10° .003
03 42,75 4,06 8642 1.7 x 10° +0017

Sum of Col, 6 = 32,1% life used in 10% gusts

Life = 20 x 106 = 3,11 x 105 gusts

= ,71 x 105 miles (See equation 11)

= 3240 hours at 220 m.p.h,
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TABLE 7

Life Data on Lap Joint Using One Row of Spot Welds Spaced 3/4“ in ,040-
24ST Alclad Sheet, Static Ultimate Strength = 595 Lbs./Spot., See
Figures 10 end 14 for Fatigue Strength. Computed for Gust Class Interval
of 4.6 Ft./Sec, See Text for Method of Computation.

—_ 1 1 1 1 T
1 2 3 4 5 6
Frequency of Mean Load Max, %
Occurrence In Ue, Fector, Load, N, of
1,000,000 Gusts | Ft./Sec, n % of Ulte| Cycles Life
435, 000 2,26 1.161 24,6 108 o435
54,000 6475 1.484 31.6 4,5 x 105 | 12,00
5,000 11,25 1,806 38.4 5 x 10% 10,00
500 15.76 2.126 46,2 6 x 10° 8435
50 20.26 2,45 52,0 1 x 10° 5,00
6 24,76 2,77 58,8 2.7 x 102 | 1,85
1 29,25 3,09 65,6 1,0 x 102 | 1,00
o3 33.76 3.41 72,4 6.8 x 101 .52
ol 38425 3,74 79,6 2.1 x 10% 48
03 42,75 4,06 8642 60 50

Sum of Col, 6 = 40,13% 1life used in 10% gusts

Life =4%9§3 x 105 = 2,49 x 108 gusts

= o567 x 10° miles (See equation 11)

= 2590 hours at 220 m.p.he

1L —m
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TABLE 8

Life Data on Lap Joint Using One Row of Spot Welds Spaced 3/4" in ,040 -
24ST Alcled Sheet See Figures 10 and 14 for Fatigue Strength Data.
Computed for Gust Class Interval of 2 Ft./Sec, See Table 7 for Computa-
tion on Basis of 4.5 't./Sec. See Text for Methods of Computation.

1 M? 3 4 5 6
Freguency of gan Load Max, %
Occurrence In ° Factor, | Load in N of
1,000,000 Gusts | Ft./Sece| n % of Ulte | Cycles Life

295, 000 1 1.071 22,8 108 «295
125,000 3 1.214 26,8 1 x 107 1,25
50,000 5 1,358 28,8 1.6 x 106 | 3,34
21,000 7 1,500 31.8 4 x 105 5425
5,820 9 1.642 34,8 1.6 x 105 | 3,88
2,100 11 1,785 37,8 6 x 104 5,50
690 13 1.930 40,9 2.6 x 102 | 2,78
270 15 2,07 44,0 1.0 x 10% | 2.70

88 17 2.21 46,8 4,5 x 10% | 1,95

32 19 2,36 50,0 1.7 x 108 | 1.89
11,7 21 2.50 53.0 8 x 102 1.46

4,3 23 2.64 56,0 4,5 x 102 <95

2.1 25 2.79 59.2 2.5 x 102 .84

o9 27 2.93 62.2 1,03 x 102| .87

«38 29 3,07 65,0 1,0 x 102 038

024 31 3420 67.9 5 x 101 048

.17 33 3.36 71,2 2.5 x 101 .68

.09 35 3.50 7442 1,05 x 101 | ,90

«05 37 3.64 772 9 55

.03 39 3,79 80.4 6 50

+01 41 3493 83,4 4 25

.009 43 4,08 86.7 2,5 036

003 45 4,22 89,5 2.0 .15

Sum of Col, 6 = 35.09% life used in 108 gusts

Life -3§9g x 108 = 2,86 x 105 gusts

= .65 x 10% miles (See equation 11

= 2960 hours at 220 mep.he
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TABLE 9

Life Data on Lap Joint Using Two Rows of Spot Welds in ,040 - 24ST

Alclad Sheet. Spots Spaced 3/4" in Rows, Rows Spaced 1/2%, Spots Staggered
Static Ultimate Strength = 550 Lbs./Spot. See Figures 11 and 14 for
Fatigue Date. Computation for Gust Class Interval of 4.5 Ft./Sec. See
Text for Method of Computation,

===
1 2 3 4 5 6
Frequency of Mean Load Max, %
Occurrence In Ue Factor, Load, N, of
1,000,000 Gusts | Ft./Sece| n % of Ult, Cycles Life
435,000 2425 1,161 24.6 108 0435
54,000 6.75 1,484 31,5 2.5 x 10%| 21.60
5,000 11.265 1,805 3844 2.7 x 10%| 18,50
500 15,76 2,125 45,2 6.5 x 105| 7,70
50 20,25 2.45 52,0 1.7 xx10%| 2,92
5 24,75 2,77 5848 5.2 x 10| 96
1 29.25 3.09 65.5 1.7 x 102 .69
o3 33.75 3.41 72,4 6 x10l| ,s0
ol 38425 3.74 7945 2 x10t| .50
.03 42,75 4,06 86.2 645 46
Sum of Col. 6 = 53,98% of life in 106 gusts
Life 'S%ggs x 10% = 1.85 x 106 gusts
= 423 x 106 pmiles (See equation 11)
= 1920 hours at 220 m.p.h.

/4 ~cn



RACA ARR No, S5H27 31

TABLE 10

The Effect of Minor Gusts on the Life of a Lap Joint Using Two Rows of
Spot NWelds in ,040 - 24ST Alclad Sheet, See Table 9 for Computation on
Major Gusts. See Text for Method of Computation,

2 3 4 5 6 7
1 Us, Mean
Frequency of Sun of Max, | of Minor
Minor Gusts in | Major and Load Load, | Gusts
Each 1,000,000 | Minor Gusts,| Factor,| % of | in % N % of
Mejor Gust Ft./Sece n Ult, | of Ult, | Cycles | Life
1,740, 000 3425 1,232 | 26.2 | 24.6 3x10°| .58
216,000 7475 1.565 | 33.0 | 31.5 8 x108 | ,oz28
20, 000 12.25 1.875 | 39.8 | 38.4 9 x 108 | L0022
2,000 16.75 2420 46,7 | 45,2 108 | L0020
200 21.25 2,52 53.5 | 52,0 108 |negligible
20 25,75 2483 60.0 | 58.8 108 "
4 30.25 3.16 67.0 | 65.5 108 "
1,2 34,75 3.48 73.8 | 72.4 108 "
o4 39425 3.81 80.6 | 79.5 108 "
.12 43,75 4,13 87,2 | 8642 108 "
Sum of Cole 7 = +61%
Contribution of minor gusts to lifetime
using 1,86 x 10% gusts as total 1lifetime
(See Table 9) contribution of minor gusts
is 1,13% of total life,
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TABLE 11

Life Data on Lap Joint Using Three Rows of Spot Welds in ,040 - 24ST
Alclad Sheet, Spots Spaced 3/4® in Rows, Rows Speced 1/2", Spots
Staggered in Adjacent Rows., Static Ultimate Strength = 493 Lbs./Spot.
See Figures 12 and 14 for Fatigue Strength Date, See Text for Method of
Computatione

1 2 3 4 5 6
Frequency of Mean Load Max,

Occurrence in Ue, Factor, Load, N ’ %
1,000,000 Gusts | Ft./Seca n % of Ulte | Cycles of Life

435,000 2426 1.161 24.6 9 x 108 4.82

54,000 6475 1,484 81,5 3.5 x 10° | 15,40

5,000 11.25 1,806 38.4 5,2 x 104 | 9,60

500 15,75 2.125 45,2 1.4 x 104 | s3.58

50 20,25 2.45 52,0 4,5x10%| 1,11

5 24,75 2,77 5848 1.6 x 10% o351

1 29,25 3,09 86.5 5,0 x 102 20

3 33,75 3.41 72.4 1.5 x 102 20

.l 38,25 3.74 79,5 5.2 x 101 J19

03 42,75 4,08 8642 1.5 x 101 20

Sum of Cols 6 = 35,61% of life in 108 gusts

Life = 100 6 = 6
© 5-5:-61 x 10 2.8 x 10 guatl

= .64 x 106 miles (See equetion 11)

= 2920 hours at 220 m.P.h.

Th-m




NACA ARR No. 5H27

TABLE 12

Life Data on ,04C" - 24ST Alclad Sheet, Static Ultimate Strength =
67,000 pesesie See Figures 13 and 14 for Data on Fatigue Strength Come
putation for Gust Class Interval of 4.5 Ft./Sec. See Text for Methods
of Computation,

33

1 2 3 4 5 6
Frequency of Mean Load Max,
Occurrence in Ue, Factor, Load, N, %
1,000,000 Gusts | Fte/Sece|! n % of Ulty | Cycles |[of Life
435,000 2426 | 1,161 24,6 7 x 1010 | L0043
54,000 6.75 | 1.484 31l.5 3 x 108 .018
5,000 11,25 | 1.805 3844 1.5 x 105 | ,332
500 15,75 | 2.125 45,2 2.8 x 109 | .178
50 20425 | 2.45 6240 1.1 x 105 | ,045
5 24,75 | 2,77 58,8 6.2 x 104 | ,008
1 29425 | 3,09 6545 4,0 x 104 | L0025
o3 33476 | 3.41 7244 2.5 x 104 | 0012
o1 38,25 | 3.74 79.5 1.6 x 10* | ,0006
03 42,75 | 4406 86,2 1,05 x 104 00028

«59% of 1ife in 106 gusts

Sum of Col, 6

Life %%g x 108 miles = 170 x 106 gusts

38.9 x 106 miles (See equation 11)

177,000 hours at 220 mepeho




Figs. 1,2
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NACA ARR No. 5H37 ; Figs. 3a,b,4

GUST
VELOGITY

Mad /.

TIME
—_—

FIGURE 3a,~ SCHEMATIC TYPE OF GUST VELOCITY - TIME RECORD
WHERE "UP" GUSTS AND "DOWN" GUSTS ARE SEGGRE-
GATED:

JLA h/é ﬂMﬂAA/M AN “,/ A aAn g LOAD
¥ 1% v

FIGURE 3b - SCHEMATIC TYPE OF GUST VELOCITY — TIME RECORD
WHERE "UP"AND "DOWN" GUSTS ARE GROUPED AROUND
A MEAN LOAD OF Ig THIS TYPE OF RECORD IS USED FOR
ILLUSTRATION IN THIS REPORT

S

FT./SEC
_ i /WV\ m/ g LOAD
/ %

FIGURE 4,- SCHEMATIC ILLUSTRATION OF CASE WHERE MINOR GUSTS
ALL OCCUR AT MAXIMUM OF MAJOR GUSTS THIS TYPE OF
RECORD IS USED FOR DISCUSSION OF THE EFFECT OF MINOR
GUSTS
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FIGURE S~ S-N CURVES AT CONSTANT STRESS RATIO FOR RIVETED JOlNTS IN 0.040 {NCH 24S-T
SHEET. ONE ROW OF AN426 AD-5, I00° COUNTERSUNK 2 2 ' DIAM. RIVETS SPACED i" APART.

DATA FROM NACA ARR NO 4FOl,p.38. ULT STATIC STRENGTH:=693 LBS/RIVET (6 RIVETS

IN 43 WIDTH )
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- FIGURE 6- S-N CURVES AT CONSTANT STRESS RATIO FOR RIVETED JOINT IN 4 17S-T PLATE

ONE ROW (4 RIVETS) OF -5-' HOT DRIVEN I7S-T RIVETS. SPAGED l—. DATA FRON UN-
PUBLISHED REPORT FROM LABORATORIES OF ALUMINUM CO OF AMERICA
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Figs. 9,10
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Figs. 11,12
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Fige. 13,14
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FIGURE 13- CONSTANT LI!—'E CURVES FOR 24S-T ALCLAD
SHEET 0.040" THICK. DCATA FRCM NACA ARR
4E 30 p. 12 (DATA ON R=~-.50 NOT PREVIOUSLY
PUBLISHED) ULT STATIC STRENGTH =67,000psi
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FIGURE 14." S-N CURVES AT A CONSTANT MEAN LOAD OF 2.2 % OF THE ULTIMATE STATIC STRENGTH OF VARIOUS

LAP JOINTS -




