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NATIOUAL ADVISORY COMMITTES FOR AERONAUTICS

ADVAITCE RESTRICTED REPORT

FATIGUZ CHARACTERISTICS OF SPOT-WELDED 24S-T ALUMINUM ALLOY

3y HE. W. Russell, L. R. Jackson,
H. J. Grover, and W. W, Beaver

SUMMARY

The results of this investigation may be summarized as

1. The static shear strength of spot welds in 1ap Jjoints
of 2US~T alclad increases with ir icreasing sheet thic g for
thicknesses in the range 0.025 inch to O. C}& inch. in-

rease in static strenzth of ﬂﬂot welds also is evide in the
t

a
igue vroperties. At low stresses (longe life), vari “th f]
spot-weld quality avpear to be not so important as in static
ts or in high stress (short 1ife) tests.

strength-weight ratio of stiffcned panel
sections in wﬁich the same stiffenor is used with vnanels of
various thicknes gher for thin ghsets than
for thick ones. This is in agro witn results obtained
by jrovious inve sti"°* rs. The i

tress (long life) fa tizue
roosite trend in the

v '
rang“ ohgct thlckhuos from O *1 inchs The reason
for this condition is that the stress~fatigue regults
follow the same trend as the s in the 1 mbor_ul

e start of buckling i
and a thicker sheect tends to raise the stress at which buckli

starts,

3. The prescnce of unstressed "gcab"

a

heets attached by
spot wclds causes slight reduction in both the static yield
strength and tensile strength with considerabls; greater reduc-
tion in ductility. The low stress (long life) fatiguc strensth
of the sheet does not altered to any great extent
by the presence of spot welds, since, in tests of this type,
failure usually occurs in the 3-inch-radius fillet Joining
the cnds and the test section of the sample 1n preference to

T _L "

the region aleng the line of the snot welds.
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t sht Corporation through the courtesy of Mr.

Bis 5 Jonkins. spot-welding and the X-ray examination of

welds were done at the Welding Laboratory at the Rensselacr
olytechnic Institutc under the direction of Doctor V. F. Hess.

Tonsile and pack compression tests on coupons represcntative

of the sheet material were conducted by the Aluminum Company

of America through the courtesy of Mr. R. L. Templin.
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shows thc regsults of measurcments on tes De
cts used in msking the lap j 87
1 S gtl
7] t great
typical valucs f 1d the differences in
tensile properties are such as would be normally expected

Spot—Welding Details, Construction of Samples,

and Static Test Results

For cach
e

and lz inches, were

apots was centered

The spot-welding on all test pieccs was done at the
Meossolacr Polytechnic Institute. Table 2 swimarizes their
information on surface treatment and on svot-welding corditions
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veccimens and are rccr“aﬂﬂ in deta il in a later section ;f
s report. The genoral result

1. Thec greatest veristion in weld size and spacing was
found in the 0.03 2%

2. The greatest average ponctration was in the 0.,04C-
h sh

runn

and maintained
whichever is

) load v lAc
pounds or to 3 ocrcent of
Tests with clectric strai
of samoles indicate that
within limits of Y perce
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mechanism will allow this to be reduced to a drov in load of
50 pounds, if desivablﬁ in future work.) For mﬁst of the
additional data reported here, the first appearance of visible
cracks in the welds hus been noted by a frequ t visual in-
spection.,

Teblee U to 9 give *ne results of the fatigue tests for
the two weld snacings the three sheet thicknesses used
s

for the lap-joint samxles. In each case where it was observed
with reasonoble accuracy, the number of cycles to first visible
cracking is revorted. In each case, "failure! corresponds to

& drop in load of about 430 pounds. For each svecimen, the

general type of failure is recorded. Three types of failure

occur:

"

1. At high loads, failure is by shear of the spot

2. A% lower loads, a "pulling of buttons

imum loe gene ’ ves have
b f 1t will be noted that, for the GC.02h-inch

heet with 1z-

3 the 0.C3%2-inch
s more ”r"'*te“” th:g for other curves.

nech spacings, there

b
H
'
v
C’)

Figures 8 2nd 9 show load-life curves for several sheet
thicknesses but for a constant stress ratio of 0=25. The
fatigue strensth ¢ woparently increases with shest thickness.
The most noticeable feature is the "erossover" of the curv
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r " , 1
for the 0.025-inch sheet nd the 0,0%2-inch shcet with the 1lz-
a v

C o
jeings.” It I8 believed "that “thi

inch weld sp ig due to a vari-
ation of weld size and pcnetratlon, and this probability is
discussed in some detail in the following section on Examina-
tion of Spot Welds.

Figure 10 shﬁwx, in another way, the effect of shee
thickness on strength. Strength to failure is »lot

shect thickness for (1) static failure, (2) fatigue failure
for a life of 5,000,000 cycles and for two different stress
ratios, and (3) fatigue failure for one stress ratio and a

£
Life of 50,000 cyeles. Th

at arithmic plot *iv1v raurhly
ht lines of the samc slone
+

strai

the "percent" increase in streng
ness is the same for fatigue ag

th increasirs t s’l-es.et thick—-

or statie failure.
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welds tested on a rotating beam machine with comoletely reversed
stress valucs. Moreover, the extrapolations used to obtain come
parable valucs from Battelle data arc belicved to Dbe unreliable,

Examination of Spot Welds

Metallographic cxamination of sectioned spot welds indi-
cated that the spots were, in ny ceases, clliptical and there
wags considerable variation in venetration. igure 14 shows
scctions alorg the two mejor axes in tpical spots made in 0.025-
and 0.032-inch shecet.

it was typical that the weld
C t showed more variation than
1w +ﬂe 0s025~1inch she 1 1d dimensions in thﬁ 0.032~inch
sheet varied over a range of about 10 verccnt in penetration
and over a much wider renge in width and length. Some unwelded
spots were fourd. The spots spaccd 1% inches had, in general,
somewhat grecater weld venetration than the onecs with B/M—inch

spacing.

Ag indicated i
dimensions in the 0.

Variations in weld dimensions ar: reflected in fatigue
results, as shown in table 11. This ts=ble brings aut relations
between the average weld dimensions and the fatigue records of

e
individual samples.

data ind
tant variable at
provide the mechs
welds fail in s
is the deciding s

that the weld penetration is the impore

ads where fatigue cracls in the she
f failure. At higher loads where the

» the area of the weld at the faying surface

ength factor.

-

Figure 8 shows fatigue curves for the 0.03%2- and t
inch sheet wplotted on the ¢ figure for an R value of
It will be noted that the curves cross at high loads. Mota
raphic examination of the welds indicates that those
0.025-1inch s;ect with lf-inch snacing are long with little pene~
tration; while those in the 0.032-inch sheet were somewhat
shorter but penetrate deceper - the net rosult is that, at hi
fetigue loads or under static loads, the two have nearly the

,V

t
ce

t

5

same strength., (Sce table 3.)
At lower fatigue loads (lcngfr life), the effect of the

« o

lesper weld penetration in the C.032-inch shect becomes evident,
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Four thicknesscs of panecl were used: 0,025, 0,032, 0,040, and
0.051 inch. Table 12 gives data on test counons from the vartic—
s -
I’\ o
m

"

ular sheects used in X panels and indicatecs normal ten—
sile properties for the

s

()
'U
&

Two Ot spacings werc testod for each pancl thickness. For
one, the ot spacing was 3/L nacg excopt near the ends wherec the
spots are located 1/8, 5/8, and 1¥r inches from the ends. For the
scecond type, spot spacings were 1z inches excopt av“in near the
ends where additional spots, spaced as uO%Crlbﬁi abo wore in-
serted. Teble 13 summarizes the welding condi t+o~s rep ortna by
the Reasselaer Polytcchnic Institute for these comoression test

samples.

. T
Fisure 16 111ustrnt:s

sation &s 0505 anﬂ f‘“o"1 t1‘
inertia around the centroidal
of the secetion is 0.162 inch.

all epproximately 15.88% inches long after sq
Figure 17 illustrates the complete test speci
Static Testy on Stiffencd Pancls

Table 14 summarizes the resv
on the various types of panels.

total area of stiffencr plus panel; while
of the stiffener plus an effective area for the vanel. This of-

fective area was computed by using an ecffrctive width of panel
from the formula

2V
= 3.4t VE/f,

whera

)l.-.'u"

cir
ct

al effective width

(i

panel thickness, inches

8
E  modulus for 24S~T alclad (10 X 10 1t

5

~3
Q
e
.
t

o
&
Q

£ crippling stress for stiffencr alone (BS,CC“ lb/rq 1ns)
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Figures 12 and 19 show th
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plus parel
d figures 16
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Methods of }

A description of the
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fatigue

, 000




1LY

thickness. In this figure, the stressecs are computed by using

thc total arca A of stiffener plus panel; the fatigue stresses are
the maximum stresses at a ratio of minimum to maximum stress of
0.25. Hote that, as previously mentioned, the static values
indicate a better strength-weight ratio for thinner panels. - The
fatigue curves drawn for a life of 1,000,000 cycles are concave
upward and show, likc the buckling curve, increascd strength for
thicker pancls. The fatigue curves drawn for a life of 50,000
cycles suggest increased strength with increasing peanel thiclk-
ness only up to a thickness of 0.032 inch. As the stress approaches
the crippling stress, the strength-thickness relation approaches
that for stetic failure. It is quite possible that a different
buckling pattern apvears at high loads.

Exanination of Spot Welds on Stiffencd Pancls

Spot welds in the compression semples were similar in dimen-
sion within reasonable limits. Eowever, ocach weld was from 10 %o
25 percent longer along the axis parallel to the long dimension
or height of the spocimen than normal to this direction. Macro-
graphs of the untested welds are shown in figure 23. As shown
in figure 21, weld variations are greater in tho thinner gage
material.

Failure takes place in these welds in throe typres of crack-
ing patterns, two of which are illustratod in figurcs 25 and 26.
The other type failure takes nlace at the most highly stressed
point which occurs as a rupture along the faying surface of the
weld, presumably in tonsion.

Next to this break, a crack pattern is formed which scems
influenced by both bending and fatigue. This appears at the
internal alelad protrusion into the weld, follows the shell of
the weld for a way, and then turns directly outward to the ex—
ternal alclad. This sort of crack gencrally propagates itsclf
in the thimner of the two sheets (figs. 27-a and 25).

Farthest away from the total breaks is the third type of
failure. This is illustrated in figure 26. Here a crack avpears,
traveling into the center of the weld. The location of this
crack is betwecen the equiaxed and dendritic zones in the thicker
sheet near the geometrical center of the joint.

In thinner gages, fatigue cracks, similar to those found
in tensile samples, were observed in the compression spccimens.
(Sec fig. 28.)
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Sectioning normal and parallel to the dircction of aovpli- X
cation of stress showed no fundamental differences in the pho-
nomena observed. Sometimes cracks appeared in one direction and
sometimes in the other. Differences here could not be investi-
gated fully because of the impossibility of sectioning the same
spot two ways.

Figure 29 shows the formation of fatigue cracks at the
alclad protrusion of a weld which was quite a distance from the
zone of complete failure. This weld is cracking along the
brittle cutectic line at the verimeter of the spot weld.

Conclusions from Tests on Stiffened Panels
1. Several crack patterns were found in welds of failed

specimens. The variation seems to depend "*rp the position of
the weld examined with reference-to the location of failure.

Examination of the welds suggests that both tension and shea
stresses were prescnt “in the welds. .

2. The static crivoling stress values decrease with in
N

creasing venel thickness and are lower for lz-inch weld spacing s
than for ,/#—1*ch spacing. The stress at which buckling bogins,
however, increases panel thickness.

3. As if influenced largely by the buckling stresses, the
fatigue stress corresponding to a 1iferof 1,000,000 cycles in~
creases with increasing pmanel thickness. For fatiguc failure
at o life of 50,000 cvcles, the dependence on thickness secms
to be between that for longer life and that for static f"lL’ru.

III. TESTS ON TENSION SAMPLES WITH UNSTRESSED ATTACHMENT
Materials, Test Pieces, 2nd Static Tests

Unstressed attachment-type tension fatigue test samples
were made from 24S—-T alclad in three thicknesscs: 0.025, O. QIR
and 0,040 inch. Table 19 gives data on test coupons from the
particular shcets used in meking these test picces and indicate
the normal properties of the shcet.

¢ samples originally consisted of pieces 17 inches lo
by 5 iunches Wldu, each having a l—-inch otrlp of the same thicknocss "
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3 sheet¥ fastened by a single row of spot welds across a center
line in a direction perpendicular to the axis of loading. Two
spot-weld svacings, B/M inch and 1% inches, were uscd for each
thickness. Since early tests indicated that the unstressed at-
tachment did not wealen the sheet so much as did the holes
drilled in either end for fastening in the grios, the center
section had to be reduced. Figure 30 shows the final form of
test plece adopted. Note that the reduction in section doleted
two of the original spot welds, so that four welds were loft for
the B/M—inch spacing, and 2 welds for the lé&inch spacing.

The spot-welding conditions 2nd tests on single spot samples
made at the Rensselaer Polytechnic Institute ore given in table 2.

Static tension tests were made on a 20, 000-0ound Baldwin
Southwark testing machine. The speed of testing was 0.01 inch
per minute within the range of the recorder and 0.06 ivch ver
minute (beyond yicld point) to failure. Stress-strain curves
were taken for each type of sample but show no effect of the
. attachment piece except for the low yield stress. Table 20
shows the results of these static tests. In each case, static
failure was by a break ncross the line of welds.

Fatigue Tests on Somples with Urstressed Attachments

The fatigue tests were run, using the same technique os
for the lap joint samples. There was no question as to a2 crite-
rion of failure since, in virtually every case, failure was a
complete break and the load drooped to zero, so that the auto-

matic cut-off stopped mochine snd counter.

Early runs were mede on samples with a 1i-inch-radius fillet.
Since seversl failurcs occurred in the fillet or so near it ag to
be influcnced by its stress concentration, the redius wos in—
creased to 3 inches, which is nearly as large as is reasonable
for the size of the original stripr and for the size end needed
for the grips used.

*By an crror, some of the 0.025~in. samples had strivs of 0.032-
in. sheet attached. Such samples are noted in the tables of
results. There is no ovidence that this affected the fatigue
results.,




Tebles 21, 22, and 23 give the results of the fatigue tests
which w0ro all run at a ratio of minimum stress to maximum stress
of 0.25. Figures 31 and 32 show the load-life curves plotted
from these data. In these figures, it will be noted that, at
high loads giving lifetimes less hzn 100,000 cycles, the samples

broke along or near to the line of welds. At lower loads and
longor lifetimes, the samples usually f“ll d in the fillet region.
Apverently, for low loads, the stress concontration duc to the

wolds was less than that caused by thae fillet. It should be
noted that, as indicated in the following sectvion, some of the
samples failing in the fillet rcgion has incipient fatigue cracks
along the weclds.

Figure 33 comparcs the strength-thiclmess relations for (1)
static failure, (2) fatigue failure at 10,000 cycles (feilures
through the spot welds), and (3) fatigue failure at 300,000 cycles
(failure in the fillet r‘gion). Little influence of weld spacing
is apparent exco*t that, for failures 2t 10,000 cycles, the samples
with four welds B/H—ln. spacing) scem stronger than those with

-

two welds (1&-in. spacing).

Metallographic Examin~tion of Spot Welds
in Unstressed Attachments
The varistion of penetration snd size of soot welds in the
unstressed attochments is shown in figure 34. The welds in this
group have the same dimensions as the others investigated for the
tension ond compression samples.

Fatigue cracks are started in the unstres ysed attachments at
the same place as in all the other types of samvles (i.0., the
protrusion of the alclad into the wvla). Instead of proceeding
through the dendritic rcgion, however, as in the lap-—jointe
samplcs, the cracks follow the perimeter of the spot weld (ec
figs. 3la and 35) or, if the alclad protrusion is cxcessive (
fig. 34b), even bend back into this zone.

e
S

ce

Fatigue nmiclel appear in the unstressed attachments, cven
in the somples in which failure occurred outside of the welds.
In figure 36a, the formation of a small crack is shown in a
sample which failed outside the weld zone. Failure took nlace
in the stressed shcet rather than in the unstressed attachments.
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Conclusions

1. In static and in high stress fatigue tests, failure
always occurs along the line of welds in preference to failure
in the 3-inch redius fillet JOlDl g the ends of the test pleces
with the center test section. This indicates that, under these
loading condit-ons, the stress concentration produced by the
spots is higher than that produced by the fillet.

2. In low stress (lon“ life) fatizue tests, failure always
ccurs in the fillet in preference to the line of spot welds.
hig indicates th~t, under low loads, the stress concentration
imposed by the fillet is higher then that wroduced by the welds.

H O

3. In view of the results above, it n~ppears thwt s“ot

welds in scab sheets do not seriously weaken the meterial on
which they are formed, so fxr &8 fatigue strength is COHCOTlcd.

IV. CORREILATION OF FATIGUE PROPERTIES WITH VETATTLURGICAL

STRUCTURE Al'D GEOMET SPOT WELDS

On the three types of S'"“W“s investigated, lap joints,
stiffened vanels, and unstres 9“6 vt tachments, it was observed
that the fatigue craclss pronagat themselves through different
structural regions in the spot weld under the various stressing
conditions yresunt in. each iype of specimen.

The inception of 1351 e failure occurs in most cases at
the projection of the inte hal alclad into the weld slug. A
nucleus forms here. T 1is ﬂrotru31on 1D a mechanicel notch

surrounded by a material of low strengt 1 (28 cladding - tensile
strength 13,000 lb/“q i L F;rt crmore, the nctch effect nay
be 1ntensifiod by oiping, by oxide accwmlation, or by forcing
the shects apart by blowm metal ("spitting"). As ~ll t*ov

effects can, and mostly do, occur at the alclad vrotrusion, in-

ceotion of failure is usually located at this point.

Factors opoosing failure ot the alclad junction in the
weld are severe scratches on the alclad outside of the weld,
but in a highly stressed region, couvled with tight bonding of
the cladding on the faying surfaces just outside of the weld in
ne T

egion (mechanically bond d ring sround weld slug).
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To secure a bond sufficiently tight to prevent rupturing in
atigue, the pressure which must be used is usually cnough to
indent severely the outside surface of the spot. This will cause
failure in a line from the notch caused by the eclectrode indenta-
tion to a scratch in the alclad in the plane of the weld interface.
Tnis type of failure is rare with modern welding practice, as
severe indentation is avoided.

The fatigue eraclz, oncc started, oropagate in a number
of dircctions, deocnding on the nature and the extent of the
stresses applied. Cracking can, tkelofoxc, talkke place in the
equiaxed—-grained center area, the surr ounal*g dendritic region,
or the heat-treated areca around tHc once-moliten weld slug.

Under heavy shear fatigue loads, failure takes place within
the equiaxed-grained center arca aloag the interfa £ the weld,
but, for lighter loads, the craeck travels normal to this direction
through the dendritic e outer alclad. Therc is some
evidence (sec lap joint tosts) that a greatcr amount of dendritic
structure, as found in svot welds with much penetration, improves
fatiguec resistance. The dendritic region, containing the most
ductile metal in the slug, is apparcntly more resistant to crack
propagation than the surrounding wrought dural structurc.

ek =)

Under teonsion fatjgﬂo, as observed in the unstresscd at-
tachments, the cracks follow the cdge of the weld until the dis-
tance between the outer surface and the crack is very short and
the crack brecks through. The region at the shell of the weld
is quite brittle as incipient melting of the material next to
the weld pool, solid solution melting along grain boundarics,
and intrusion of a copper-rich eutectic from the weld pool has
talkzen plece in this area.

are Aot very strong in tension,

igvomily (0.29. (See

given as a measure of duc-=
alclad because of the

the weld, which has also bCCu shown

i in tention fatigue. (Sec unstressed

Spot welds in 24S-T a
atio of st“tic

5.) This ra
tility in spot welds,
brittiec zone surrounding
subject to crack prop

SNl Bt B
attechient section.)

In general, it can be szid that welds with the greatest

) ’ =)
venctrations, amournt of dcndritic structure, and diameter pos-
sible, will 3rove strongest under dynemic losding. It has becen

=)

found that static shear strength increases with increased




jr
~

diemeter but decrecascs with increased penetration. (See ref-
ercnce U4,)
- - 2
S o 173,000 diameter
Shear strength = = —0.66
penctrotion

The penetration effect, however, seems more important
in fatigue than it is for static shear strength, as greatcer
penetration appears to lengthen spot-weld life under dynamic
loading.

Battelle Memorial Insti tute,
Columbus, Ohio, March 1, 19u3,

APPENDIX I

TESTS OF ALCILAD 24S-T SHEERT
SUBMITTED BY BATTELLE MEMORIAL IiSTITUTTH
(NACA SPOT-VELD FATIGUS INVESTIGATI nT)

By C. R. Buckles

Introduction

As vart of the spot-weld fatigue investigation for the

Netional Advisory Co 111tt:3 or Aeronautics, the Battelle Memo-
rial Institute is determining the f°tir” ntrczgth of some spot-
welded structural specimens of alclad 24US shcet. In accordance

with an agreement by the Aluminum Con)env of America to assist

in the material control tests of the items used in the prenara;
tion of fatigue specimens tested recently, Dr. H. W. Russell
submitted test couvons from the sheet usecd.

report prepared by the Aluminum Comvany of
of the sheet material used in the
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T Al . B J 2 o e By 15
The material subaitted consisted of cduplicate test coupons
) o s . - - ~ . e
1 inch by 8 inches in size cut longitudinally from each ofl Db

g o a8 v ag follovs:
pleces o1 Shecy, .8 LTOLLOVIS s

! thiclmess
.
’ 5

s were nachined from one of cach
and were test i
ler 20,C00-pound coj

A~
'y

using CA¢
m™m Lot
The yicld

L e
aetermil

specimens were
(See

eth was determined
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A compressive stress—strain test was made on one svecimen
from cach of the five groups; using the test coupon correspond-
ing to the one on which a tensile stress-strain test had been
made. Each compressive test was made in the Montgomery—Templin
singlo-thickness fixture for testing sheet. (Sec reference 7.)
The tests were mode, using the 5000-pound range of a 50,000~
pound capacity Southwark-Tate-Emery universal testing machine
(scr. no. 50~TB—162), and strains were measurcd with Huggen-
berger tensometers (2000X) with 0.5-inch gage length. The yicld
strength was determined at 0.2 percent offset.

Discussion

The results of the individual tensile and corpressive
tests are found in tebles, figures, and data. Stress-strain
curves in tension and compression for one sample from each of
the five groups of sheet arc shown in figures 1 to 3. The
tensile and compressive stress~strain curves for corresponding
samples were groupcd together to show direct comvarisons, =nd
cach figure containsg the curves for one thickness of sheet.

The results of the tonsile tests are summarized in table
I. This table shows the maximum, average, 2nd minimum values
obtained for each of the five groups tested =2nd also the number
of tests in cach group. All thec material was found to meet
the requirements of Federal Spocification No. QQ-A-362 as far
as tensilc proverties arc concerncd. In fact, all the tensile
strengths and yield streongths excceded the published typicel
values for Alcoa alclad 24S-T shcet, and the average values for
cach group werc at least cqual to the published typical values
for Alcoa alclad 24S-4T gheet. (See reforence 8.) The clonga~
tions genecrally were equal to the published typical value for
Alcoa alclad 2US-T shecet and considerably above the typical
values for Alcoa =lclad 24S-RT shecot.

The recsults of the tensile and the compressive streoss—strain
tests are summarized in table II. As shown in this teble, the
ratio of the compressive yicld strength to the tensile yiecld
strength of the samples tested ranged from a maximum of 0.89 to
a minimum of 0.82, thc average being 0.85. This average value
is about U percent higher than the value of 0.82 published in
ANC-5. (Sce refcrence 9.)
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TABLE I

RESULTS OF TENSILE TESTS OF ALCLAD 24S~-T SHEET
FOR BATTELLE MEMORIAL INSTITUTE

(P+ T+ No. 110942-E)

Nominal Number Tensile Yield Strength Elongation

Specimens Thickne ss, of Strength, (Offset=0.2%), inSZEint.T,

Marked ine Tests psi psi per cent
376645-12-N 0.040 3 Maximum 68 900 53 900 17.0
Average 67 830 52 570 16.8
Minimum 67 000 51 300 16.5
376645-11-W 0.032 18 Max imum 68 400 51 900 20.0
Average 67 170 50 750 18.4
Minimum 5 500 49 700 16.0
376645-8-W 0.032 14 Meximum 68 500 51 800 20.5
Average 66 640 50 090 18.9
Minimum 64 500 47 400 16.0
376645-T-W 0.025 15 Maximum 68 200 55 100 19.0
Average 67 550 52 810 17.5
Minimum 65 900 49 000 16.0
376645-10-W 0.025 5 Maximum 67 400 53 100 18.0
Average 66 840 51 620 17.6
Minimum 65 300 50 000 17.0

W indicates specimens cut with-grain.

7
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TABLE II

RESULTS OF TENSI1LE AND COMPRESSIVE STRESS-STRAIN TESTS
OF ALCLAD 24S-T SHEET FOR BATTELLE MEMORIAL INSTITUTE

(P. T. No. 110942-E)

22

Tensile Compressive Ratio
Specimens Nominal Tensile Yield Strength Elongation Yield Strength
Marked Thickness, | Strength, (offset=0+2%), in 2 in., (offset=0.2%), cYS(w)
ine psi psi per cent psi TYS(W)
376645-12-K-B 0040 67 000 52 500 17.0 44 900 0.86
376645-11-W-B 0.032 66 900 51 500 16.0 42 000 0.82
376645-8-N-A 0.032 65 800 47 900 19.0 42 600 0.89
376645-7-W-B 0.025 68 000 54 200 16.5 45 700 0.84
376645-10-W-A 0.025 65 300 51 400 17.5 44 000 0.86
0.854

Average

VOVN
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ALUMINUM COMPANY OF AMERICA

Aluminum Research Laboratories

New Kensington, Pa.

Physical Test No. - 110942-E Alloy & Temper- Alclad 24S-T Form- Sheet

Chemical Test No. - Nominal Size- .040 in.

Order No. - Prob. 129 (J.0.9-6682-A) Actual Size - As noted

Received from- Battelle Memorial Ipstitute Date 11-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation
Marked Inches Lb. PSI (Offset=0.2%) in g dns
Lb. PSI In, %
376645~ .0385x.502 1330 68900 990 51300 0.34 | 17.0

12-W-A (.0193)
.0392x.502 1320 67000 ——— 52500 0.34 | 17.0

B (.0197)
.0407x.502 1380 67 600 1100 53200 0.33 | 16.5

c (.0204)

Average 67830 52570 16.8
Specimens cut with grain. Tested by C.K.W.-C.R.B. Date 11-24-42
Ref: Memorandum by G.W.S.,

November 7, 1942 Checked by J.B. Date 12-19-42
Approved by R.L.Templin Date 12-28-42




24 ALUMINUM COMPANY OF AMERICA NACA
Aluminum Research Laboratories
New Kensington, Pa.

Physical Test No.- 110942-E Alloy & Temper-Alclad 24S-T Form-Sheet

Chemical Test No.- Nominal Size = 0328in,

Order No.~ Prob.129(J,0, 9-6682-4) Actual Size As noted.

Received from~ Battelle Memorial Institute Date 11-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength | Elongation
Marked Inches Tibls PSI. (offset=0.2%) i B e
bl ESIE T %
376645~ .0303x.502
11-W-A (02152) 1020 67100 755 49700 | 0.40 | 20.0
.0313x.502
B (.0157) 1050 66900 - 51500 | 0.32 | 16.0
.0309x,.502
c (.0155) 1060 68400 805 51900 | 0.34 | 17.0
.0312x503
D (.0157) 1060 67500 800 510001 | 037 || 1845
.0313x.502
E (;.0157) 1060 67500 780 49700 | 0.38 | 19.0
.0305x.502
F (.0153) 1040 68000 770 50300 | 0+38 | 19.0
.0307x.503
G | .(.0154) 1045 67900 785 51000 | 0.36 | 18.0
.0314x,503
H (.0158) 1055 66800 785 49700 | 0.38 | 19.0
.0305x.503
1 {.0153) 1005 685700 765 50000 | 0.34 | 17.0
.0310x.503
J (.0146) 1050 67300 800 51300 | 0.40 | 20.0
.0306x.503
K (.0154) 1045 67900 795 51600 | 0.36 | 18.0
.0305x.503
it (.0153) 1030 67300 770 50300 | 0.36 | 18.0
.0315x,.503
M (.0158) 1055 66800 795 50300 | 0.38 | 19.0
.0311x.503
N.| (.0156) 1045 67000 795 51000 | ©-38 [ 19.0
.0304x503
0 (.0153) 1030 67300 775 50700 | 0.36 | 18.0
.0308x.503
P {{-0155) 1045 67400 805 51900 | 0.36 | 18.0
.0309x.503
Q (.0155) 1035 66800 795 51300 | 0.38 | 19.0
.0326x.503
R (.0164) 1075 65500 825 50300 | 0.36 | 18.0
Aversage 67170 50750 18.4
Specimens cut with grain. Tested by C.K.W.-C.R.B. Date 11-24-42

Approved by R. L. Temglin Checked by JRBk Date 12-19-42




ALUMINUM COMPANY OF AMERICA

Aluminum Research Laboratories

New Kensington, Pa.

Physical Test No. 110542-E Alloy & Temper- Alclad 24S-T Form-Sheet
Chemical Test No. Nominal Size «032 dn.
Order No. Prob.129(J.0.9-6682-4) Actual Size As noted
Received from Battelle Memorial Institute Date 11-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength | Elongation
Marked Inches Lbis BST: (0ffset=0.2%) ing2iin,
Lb. Fol. In. 57
376645 .0314x,.503
8-W-A (.0158) 1040 65800 — 47900 0.38 |19.0%
»0311x.503
B (.01586) 1035 66300 80C 51300 0.38 |19.0
.0322x,503
c (.0162) 1065 65700 800 149400 0.36 | 18.0
.0328x.503
D (.0165) 1105 67000 855 51800 0.38 |19.0
.030Yx, 503
E (.0155) 1000 64500 735 47400 0.41 | 20.5
.031x,504
F (.0158) 1050 65500 800 50600 0.36 | 18.0
.0306x.504
G (.0154) 1030 66900 790 51300 C.38 [19.0
.0301x.504
H (.0152) 1010 66400 730 48000 0.38 |19.0
.0312x504
I (.0157) 1060 67500 775 49400 037 |18.5
.0305x.504
J (.0154) 1025 86600 790 51300 Q.32 160
.0312x.504
K (.0157) 1060 67500 805 51300 0.40 | 20.0
.0301x.504
b (.0152) 1010 66400 750 49300 0.38 |19.0
.0398x.504
M (.0150) 1010 67300 765 51000 0.38 [ 19.0
.0306x.504
N (.0154) 1055 68500 790 51300 0.40 | 20.0
Average 66640 50050 18.9
Specimens cut with grain. Tested by C.K.W.-C.R.B. Date 11-24-42
*Broke through Huggenberger
tensometer marks. Checked by J.B. Date 12-19-42

Approved by R.L.Templin Date Dec.28'42
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Physical Test No.- 110942-E

ALUMINUM COMPANY OF AMERICA
Aluminum Research Laboratories
New Kensington, Pa.

Alloy & Temper-Alclad 24S-T

NACA

Form- Sheet

Chemical Test No.-

Nominal Size- 0250 in,

order No.- Prob. 129 (J.0., 9-6682-A)

Actual Size- As noted

Received from

Battelle Memorial Institute

Date- 11-9-42

Tensile Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation
Marked Inches Lb. PST. (offset=0.2%) in2iing
Dbk PS1. T %
376645~ .0266x.,504
7-W-A | (.0134) 883 659000 657 49000 0.3¢ [17.0
.0253x.506
B! (.0128) 871 68000 -——- 54200 0,33 | 16,5
.0252x.504
¢] {.0127) 855 67300 653 51400 0.36 |18.0
.0253x.504
D| (.0128) 850 66400 698 54500 0:32 |'16.0
.0245x.504
E| (.0123) 833 67700 645 52400 0.35 [17.5
.0255x,504
F| (.C129) 872 67600 670 51900 0.36 [18.0
.0253x.504
G| (.,0128) 873 68200 705 55100 BAEE || )
.0262x.504
H| (.0132) 886 67100 700 53000 0332|160
.0252x.505
1| (.0127) 864 68000 655 51600 0.36 |18.0
.0253x.505
J| (.0128) 866 67700 663 51800 0.36 |18.0
.0251x.506
K| (.0127) 861 67800 660 52000 0.36 | 18.0
.0251x.505
L | (.0127) 864 68000 690 54300 0436 | 16.5
.0248x.505
M| (.0125) 849 67900 858 52600 0.38 {19.0
.0247x.505
N| (.0125) 847 87800 675 54000 0.36 |18.0
.0255x.505
o| (.0129) 875 67800 700 54300 0.35 |17.5
Average 67550 52810 17.5
Specimens cut with grain. Tested by C.X.W.-C.R.B. Date 11-24-42
Checked by J.B. Date 12-19-42
Approved by R.L. Templin Date 12-28-42




ALUNMINUM COMPANY OF AMERICA

Aluminum Research Laboratories

New Kensington, Pa.

Physical Test No.- 110942-E Alloy & Temper- Alclad 24S-T Form- Sheet

Chemical Test No. Nominal Size < 0258in,

w - &4

Order No. Prob. 129 (J.0. 9-6682-A) Actual Size As noted

Received from Battelle Memorial Institute

Date 11-9-42

Tension Test Data

Specimen Dimensions Tensile Strength Yield Strength Elongation
Marked Inches Tb'e PSI. (Offset=0.2%) dim 20 n,
Lb. EST. In. 7o
376645~ .0256x.503
. 10-W-A | (.0129) 843 65300 -—- 51400 0.35 | 17.5
.0246x.503
B (.0124) 830 66900 648 52300 O 36M[N725
3 .0255x.502
C (.0128) 862 67300 640 50000 0.36 | 18.0
.0234x,503
D| (.0118) 794 67300 605 51300 0.36 | 18.0
.0256x.503
E| (.0129) 869 67400 685 53100 0.34 | 17.0
Average 66840 51620 IFS6
L Specimens cut with grain. Tested by C.K.W.-C.R.B. Date 11-24-42
Checked by J. B. Date 12-19-42
Approved by R.L. Templin Date 12-28-42
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ALUMINUM COMPANY OF AMERICA
Aluminum Research Laboratories

New Kensington, Pa.

Physical Test No.- 110942-E Alloy & Temper- Alclad 24S-T Form- Sheet

Chemical Test No.- Nominal Size- .040 in, .032 in, & .025 in.

Order No.- Prob. 129 (J.0. 9-6682-A) Actual Size- As noted

Received from- Battelle Memorial Ipstitute Date 11-9-42

Kind of data: Compression Test.

—_—

Specimen Nominal Dimensions Length No. of Yield Strength
Merked Thickness of Spec. of Spec. | Pieces (Set=0.2%)
in. in. in. in Spec. psi
376645~ .0390x. 626
12-W-B .040 (.0244) 2.630 1 44900 i
376645~ .0312x,626
11-W-B .032 (.0195) 2.630 3t 42000 .
376645~ .0316x.625
8-W-A .032 (.0198) 2.630 1 42600
376645- .0253x.626
7-W-B .025 (.0158) 2,630 1 45700
376645~ .0251x.625
10-W=-A .025 (.0157) 2.630 1 44000
Specimens cut with grain. Tested by C.K.W.-C.R.B. Date 12-3-42 s

Checked by

J.B.

Date 12-19-42

Approved by

L.Templin Date

12-28-42




APPENDIX II

APPARATUS, CALIBRATION, AND TEST METHODS

Description of the Fatigue Testing Machine

The tests repvorted here have been run on a Krouse fatigue
testing machine of 10,000 pounds maximum load capacity. The
machine can accommodate independently two specimens at one time.
A photograph of the machine (fig. 37) shows onc sample loaded
in tension and irdicatcs clearly the main features of loading.

The variable load is applied by the loeding lever 4 actu-
ated by the cam C the eccentricity of which on the driving
pullcy B can be adjusted to any desired value. The member
transmitting the force to the specimen is guided by a parallel-
ogram system of four steel plate fulcrums D which produce
straight-line motion and direct loading of the sample. The
nachine is of the constant deflection type. The average valuo
of the load can be adjusted by the loading screw E.

The stntic load velue is obtained by measuring the bending
of a fixed length of the loading lever A by means of the dia
gage on the "gage bar" F. The relation between dial re=dings
(rclative to a reading with zero load) and load values is given
by a celibration curve. This calibration was obtained (at th
factory) by dead weights applied to the lower specimen holder
for low loads and by a proving ring in olace of the specimen
for high loads. In practice, dial deflections arc rccorded for
maximunm and minimum loads as the cam B is rotated slowly by
hand and the corresponding load vaolues will be termed herein-
after the "static load valucs.”

The machine is equipped with two mechanical counters G so
geared to the driving shaft as to rocord one count for each
hundred cycles of epplied stress. The counters have a common
drive, but each may be roset to zero to correspond to the start
of a run upon its particular sample. A cut~off H is designe
to stop the motor and, hence, also the counters, when the load
drops either by yielding or failure of the sample,

Important considerations in rurnning any samole include
(1) clemping the sample so 28 to insure axial loading, (2)




A
O
.

adjusting and determining the valucs of the loads applicd, and .
(3) determining the number of cycles to failure. The precau-

tions that have been taken in each of these T b

now be discussed in some detail.

]
(¢
<t £
o)

Clamping the Sample

sted in tension were held
)

3
wn in figsure 3« In paration, the sample was

morked for the centers of the three bolt holes in cach end by :
steel template. The holes were then drilled 47/6L inch and t%o
cen dee (3/B dnudi. Dhe

semple was then mounted in the gr , using only a center bolt
at each cnd. With a moderate ied load (~bout 100 1b) or
the sample, the rema: sre reemed to sizc through the
hardoned slecves in the grip bolt holes. After these holes

were cleaned out, the romsining bolts were
cedure was desig axinl loading

e
1
r
\ter hole at each end reamed to final s
U.
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&

inserted. This pro-

Figure 38 shows the compression

erins used for X bod later in this report. 4
is a2 vlaten to which wns mped the 5- by 5-inch surface ground
steel plate B. The small Dl tes, C and D, werc used to provent

a
rg of the end of the sam In prectice, plate C w

so that, when tho pn f the compression sanplﬁ
ageinst C, the ceanter of mags of the sample was on the axis
1o fd1.~. “Plate D was tightened agrinst the hat-shape stiff-
r of ea~ch sample.

Shims (visible =t E in fig. 38) werc placcd between A ~nd
o 'that the face of B for the botto mpression plate was
cular to the loading axis. semple standing on
onr nlatc, shims were for the upper grip so

cc B rested cvenly upon

To avoid twisting the sample while adjusting the load,
~ rod was inserted in the disk A and held manually during the
~djustmnent. Later, 2 clomp, designed to be fastened on the
supporting columns, was constructed. This clamp may be seen
above the upper compression grip in the photograph of figure

57




Measuring the Load

A method for measurement
running, using clectrical resi
developed.

of 1 ads while the machine is
istance-~type strain grges, was

The principle of the mecsuring method is to apply an
audio frequency current to a Wheatstone type bridge one ara
of vhich is an SR-U type A-1 gnge mounted either on the test
specimen in which it is desired to measure strains or on a
"weigh-bar® in series with the specimen. The periodic strai:
in the test piece or "weigh-brr" varies the resistance of the
gage. This voriation in résistance modulates the audio fro-
quency signal being applied to the bridge. The bridge is

balanced by means of a slide wire. A cathode roy oscillo-
scope is used as a null-point indicetor.

Figure 39 is a wiring dlharaw of the equipnent and
figure 40 is o photogrsph of the assembly showinez the vorious
purts in nlace. In figure 39, the parts illustratced are as
follows:

The signal sourcc. - "A" is a Hewlett Packard Model 200 A
audio oscillator. Vhile this oscillator can provide frequen-
cies from 35 to 35,000 cycles, it is being used at a constant
frequency of 750 cycles., This frequency can be conveniently
filtercd so as to eliminnte 6C-cycle piclkup.

"B" is a shielded isolating transformer with input and
output impedance selected to mateh the oscillator and bridge,
respectively. The transformer is a United Transformer Company
type LS1L41 transformer.

"The Bridge." -~ "C" is a "dummy" type A-1 gage mounted
on a strip of material similar to the "weigh-bor" or test
piece on which is mounted a similar grge "D," These gages
have an approximate resistance of 120 ohms ~nd the "dummy"
gage is mounted as close to the measuring gage as possible
in order to secure teuperature compens~tion. These two ele-
nents form two arms of the bridge. The other two arms are
nede up of resistance elements E, F, G, H, I, J, ~nd K, which
are salccted to make roughly a 1:1 ratio with the SR-U4 ele-
ments,




Resistances E, 'F, and R form 2 resistance combination
of aoproximntely 146 ohms. Resistences I, K, and the decnde
box J form o variablc resistance combination which can be
varied to suit the varticular gages (C ~nd D) being used, s0
that when the slide wire G is set at zero, the bridge is
balanced for zero strain on D, The slide wire G is a Leed
& Northrup Kolrausch type slide wire which is divided lnto
1000 divisions. The sensitivity of the birdge is such that
one division on the slide wire corrcsponds to a resistance
change of about 0.0009 ohm in gage "D."™ This change in
resistance is equivalent approximately to a strain of Y4 X 10~
inches per inch.

On account of stray capacitance, it is necessary to
insert some capecity in one arm of the bridge in order to
obtain & balance. This capacitance is shown at "™ in figure
39 and 1Ms a ranze of U0 to 1000 yuf. T is shown in arm C;
it can be inserted, however, in any other arm, as required,
to obtain a balance.

The detector and null-point indicator. -~ The verious
parts of the detector circuit are "L," a high quﬁlity shiclded
type 87All Stoncor isolating transformer which matches the

mpedance of the bridge to the amplifier M. mki amplifier

s a Dovid Bogen Company type E1Y4 amplifier having a variable
rain from 0 to 125 db. The enplified signal is then passed
hrough two filters, ¥ and P, designecd to select thc band
from 500 to 1000 cycles, and the filterecd wave is shown on
the oscilloscope.

)cf-(TQ s

o
=

is a General Radio type &30B, 500-cycle high pass

filter, ~nd P is 2 General Radio type 9308, 1000-cyclc low
pass filter. @ is a DuMont type 168 oscillograph. A1l leads

connecting the various protions of the equipuent are in
shielded cnbles and the shields of all cables and transformers
are grounded.

Several tests were made with the stroin gage "D" on the
samplc itsclf and the dunmy gage "C" on an unstrained sample
nearby. It is time-consuming to use a new gage with each
sample; moreover, o gage on the sample is subject to error
at high loads when the sample is yielding. On the other hand,
a weigh-bar in series with the sample offers difficulties in

ounting of the sample. Henece, some member of the machine
tself which would show apprecisble strain proportional to
the load was sought.
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A convenient arrangement proved to be this: Goge "D
was mounted on the plate fulcrum X (fig. 37), while "C" was
mounted at M. Thus, "C" served as temperature cormensator
to D, and also, since M is in tension vhen K is in compression
and vice versa, the arrangement offers reason~ble sensitivity
despite the relatively small straing in these plate fuleruns.
It should be noted that the strain in gage "D" couscd by
bending of K is largely compensated by a strain of gage "C,"
owing to concurrent berding of M. ZExcept at extremely low
londs (less than 50 1b), the readings of the slide wire in
the bridge circuit are linear with correspondinz values of
static load. Dynamic readings with this goge arrangenent,
moreover, give values agreeing with those obtained by using
n strain gage on the specimen itself. (The slight discrep-
ancies at low loads can be elimin~ted by an arrangement
wherein "D" consists of two strein goges mounted upon 0pnOo=
site sides of plate X and wired in series, while "C" is a
sinilar arrangement upon plate M.)

One re~nson for the reproducibility (usually better
then 1 percent) of dynanic loed values obtained with the
electric strain goges concerns the calibration method adonted.
As an example, suppose it is desired to obtain dynamic values
for some particular loading. The cam is turned by hand, and
readings of the dial gnge and of the slide wire are recorded
for moaximum load, for minimum load, and for two or three
londs in between these, This affords a c~libration curve
for the strain gage. Now the Krousc gnge bar is reroved,
the motor is started, and dynanic values for nmaximum an
minirum lond are read from the slide wire. The machine is
now stopped and the calibration repeated. Thus, any shift
in the strain gage calibration caused, for exampley by lack
of complete termperature cormensation, is noted. If such a
shift is appreciable (which occurs only when the strain
circuit has been turned on rccently ~nd h=s not reached
equilibriun), the readings are all rcpeated.

Many tests by the method described above indicate that
the "dynomic throw" (max., load minus min. lond when the
machine is running) is about 15 percent grester than the
"static throw" (difference betwoon mex. and min. londs when
the cam is slowly turned by hand). That this throw increase
is due to inertin of the moving loading lever was confirmed
by tests with o series of strain goges mountcd ~long the top
of the londing lever (=t N, O, P, etc., in fig. 37). The

Lilgl >
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gnge at N showed such o dynamic increase, the onc at O shoved
little difference between dyn~mic throw and static throw, vhile
gaces at P, Q, and R showed static throws more than dynemic
throws. These observations =re readily understood if, because
of inertia, the bendirng of the center line of the loading lever
is along the lines sketched in figure 4l. In such o case, the
strzin at H would be greater for static deflections. The point
0 is ot the plece where the strain is the same for both static
and. dyananic conditions.

All the tests thet have been tried indicate that, with
the calibration method uscd, strain gages on the plate ful-
crums K ~nd M arc satisfactory. The graph plotted in figure
U2 indicates that the dynamic throw is directly proportional
to thc static throw for a wide ronge in mean load and for
spccimens verying widely in stiffness. The points shown on
the graph were obtained for (1) a stiffened aluminun panel
(type D) londed in compression, (2) a cast iron pipe about
5 inches in diameter and 3/16 inch in wall thickness loaded
in corpression, (3) a steel plate about 15 inches long and
2.00 inches by 0.093 inch in cross section loaded in tension,
and (L) o spot-welded 0.040 inch sheet of 2luminum with welds
3/4 inch epart loaded in tension. It will be noted that the
experimontal points frll upon a straight line with consist-
ency. A similor celibration curve wes made for the right-
hand side of the machine. It should be noted, since it does
not appear upon the graph, thot the dynamic mean load had,
within oxperimental error, the same value as the static
mean load.

Q

In view of the consistency of points for such plots, it
secms justifiable to n~dopt a graph such as figure Y2 as a
c~libration curve. If the desired dynamic throw is known,
the corresponding static throw is obtaincd from the calibra-
tion curve and the loading is done statically.

b

Measuring the Number of Cycles to Failurec

The fatisue testing mochine was originally equipped
with eloctrically operated counters. Difficulties with these
resulted in having them replaced by the mechanical counters
alroady mentioned. These latcer counters are now operating

satisfactorily.
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The cut-off (which stops the machine when a test piece
fails) consists of a microswitch overated by a change in the
deflection of the center of the loading lever with a change
in the mexinum load. The motion available is only about 3%
thousandths of an inch for a change in maximum load of 100
pounds. With the prescnt arrangement, the switch con be made
to operate for a motion of 0.015 inch corresponding to a
change in load of 430 pounds. The consistency of this "crite-
rion of failurc" is, of coursc, better than this in the sense
that cut-off occurs ~t nearly the scme (within about €0 1b)
decrease in load for all samples.

The Routine Adopted for Fatigue Tosts

In order to treat =211 samples consistently, a routine
procedure of loading and checking samples has been established.
Each sample is inspected for rough edges or visible flows.

The pertinent dimensions of each sample are rccorded. From
data obtained on previous tests, a load desisned to give a
desircd point on the S-N curve is sclected. If the dynanic
throw assigned is known, the static values at which the
machine should be set are computcd by using the dynanic

throw calibration graph (fig. U2) for the varticular mechine.
By use of the calibration constant furnished with the machine,
the dial readings to which the load is to be set arec comouted.

The sample is then placed in the clamps, with the pre-~
cautions already noted, and the loading screw and the cam
eccentricity are adjusted until the desired dial readings
(within 1/3 dial division - corresponding to about 10 1b)
arc obtained. Now the machine is run for 1000 cycles, during
which thc mean load often decreases. The lo~d is checked
ard, if necessary, restored to its original value. The mechino
is started and, after the cut-off adjustment has been checked,
is left running.

411 machines are checked frequently. A chock includes
a counter rc~ding, recading of maximum and minimum load, a
checlz on the cut-off adjustment, a~nd careful visual examina-
tion of tho sample.
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TABLE 1. SUMMARY OF RESULTS OF TESTS ON 24S-T ALCLAD
USED FOR LAP JOINT SAMPLES*

,; Thickness |Tensile Strength | Tensile Yield | Elongation Compressive
of Sheet (psi) Strength (in 2 in.) | Yield Strength
(0ffset 0.2%) % (Offset 0,2%)
(psi) (psi)
L0254 Min. 65,900 49,000 16.0
Max. 68,200 54,500 19.0
Ave. 67,550 52,810 4L nb 45 ,700%*
.032" Min. 64,500 47,400 1640
Max., 68,500 51,800 2040
Ave. 66,640 50,090 1¥.9 U2, 600%*
) .0uo" *RK 07 30 52,570 16.5 44,900

* Tests were made at Aluminum Company Laboratories. A complete copy
of their report is given in the Appendix. The values quoted above
were selected from data on test coupons from the particular sheets
used in makihg the lap joint samples.

** Compressive Yield Strength is result for 1 sample.

***No sample of the OU0" sheet actually used for the lap joint speci-
mens was measured; the values given are average values for .O4O"
sheet used for compression samples and for unstressed attachment
samples.
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TABLE 2. WELDING CONDITIONS ON SPOTWELD LAP JOINT AND UNSTRESSED ATTACHMENT SAMPIES
Secondary Current (2) (1) Electrode Pressure Surface Treatment| Shear
Type of Peak Time in Millisec.' /| Electrode Tips | Welding Forging Pressure Palnt | Removing|Strength
Specimen Amperes [ To Peak | Total Upper Tower | Pressure| Max. [Time from Peak Removall Oxide Single
Lbs. Value|Current Millisec. and De- Spot
Lbs. |To Start To Max. grease Lbse
Lap Joints 41,800 18.5 675 4"R 4"R 1600 2400 9 22 Navy Re P.T1.
0.040" Dome Dome Spec. | Sol.#10 | 602
C-67-6
Lap Joints 21,600 17 6643 232"R 22"R 600 1800 17 374 Navy RePele 347
and Unstressed Dome Dome Spec. | Sol.#10
Attachments C-67-6
0.032"
lap Joints 38,700 7 53 4"R 4"R 600 1800 0 11 Navy RePeI. 328
and Unstressed Dome Dome Spec. | Sol.#10
Attachments C-67-6
0.025"
Unstressed 25,500 16.2 713 23"R 22"R 600 1800 1642 32.4 Navy RePsIe 470
Attachments Dome Dome Speces | Sole#10
0.040" C-67-6

(1)7otal time from start of welding current

(2)condenser Discharge typc of weldinge.

until decay to 10%.
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TABLE 3« STATIC TESTS ON LAP JOINT SAMPLES

Sample No. Thickness of Sheet Nos Spots Spot Spacing Rupture Load Rupture load
(Lbs.) (Lbs./Spot)

1A-26 .025" 4 13" 1332 333

14-30 .025" 4 1" 1352 338

1A~-21 .025" 6 3/4" 1908 318

1A-22 .025" 6 3/a" 1848 308

2GI33 .032" 4 12" 1240 310

26131 .032" 4 13 1260 315

2N33 .032" 6 3/4" 1920 320

2N31 «-052" 6 3/a" 1980 330

SA1l 040" 4 Ln 2400 600

3A9 .040" 4 15 2460 615

3A27 .040" 6 3/an 3540 590

3A30 040" 6 3/a" 3590 598

Note: 1In all cases, failure was by shear through spote.

VOVN
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FATIGUE DATA ON LAP JOINTS OF 0.025" ALCLAD 24 S-T WITH 4 SPOTWELDS SPACED 1%" APART

oV

TABLE 4.
Sample No. Total Meax. Load Max. Load Ratio Cyeles to Cycles To Type of Break
Lbs. Lbs./épot Min.Stress | First Observ+< Failure
Max.Stress | ed Cracking

1A7 400 100 25 2,317,500 | 2,372,600 Pulled buttons & fatigue cracke.
1813 440 110 25 1,017,500 Y 5% f* g it

1A9 500 125 «25 90,100 i i f y U

1A5 500 125 +25 197,800 695,800 ) i L it gt
1A33 600 150 +25 67,000 78,100 Fatigue crack.

142 600 150 25 521,800 " .

1A18 660 165 .25 34,200 Pulled buttons, also sheared.

1A3 720 180 «25 13,100 Pulled buttons.

1A4 880 220 «25 6,300

1Al 1000 250 «25 3,700 Shear.

1A24 220 55 «50 58,000 Did not fail.

Reloaded 880 220 «50 4,300 Pulled buttonse

1A17 340 85 «50 3,734,300 | 5,930,400 Fatigue cracks.

1A22 400 100 «50 5,687,800 8,300,300 Fatigue cracks & pulled buttons.
1AE19 440 110 «50 629,800 927,100 Fatigue cracks chiefly, also

pulled buttonse

1A6 500 250 «50 12,800 Pulled buttons mostly,some shear.
1B14 520 130 «50 1,651,700 25992 5,600 Pulled buttons,also fatigue cracke.
1A16 600 150 .50 70,600 Pulled buttons.

1A23 720 180 «50 25,700 L it

1B15 740 185 .50 79,100 95,000 Fatigue cracks & pulled buttouns.
1429 480 120 o5 >10,759,800 Did not fail.

Reloaded 1040 260 .75 700 Pulled buttons.

1A238 600 150 oD 756,300 Fatigue cracks indication of

pui%lng buttons.

1AE11 740 185 .75 413,500 820,800 Fatigue crack and pulling buttons.
1AE21 800 200 « 75 140,900 222,500 Pulling buttons & fatigue cracks.
1AE10 1040 260 .75 73,700 Fatigue cracks.

VO VN
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TABLE 5« FATIGUE DATA ON LAP JOINTS OF 0.025" ALCLAD 24 S-T WITH 6 SPOTWELDS SPACED 3/4" APART
Sample Total Max. | Max. Load Ratio Cycles to Cycles to
Number Load Lbs. Lbs./Spot MineStress First Observ- Failure Type of Break

Maxe.Stress ed Cracking

1A-18 . 444 74 «25 >9,010,900 Pulled buttons during reloadinge.
1AD-6 510 85 .25 1,000,000 2,530,900 Fatigue cracks.
1AD-4 570 95 «25 1,000,000 1,318,500 = W
14C-3 660 110 «25 351,000 467,700 ) ¢
1A-31 750 125 oeH 223,000 485,000 Chiefly fatigue crackse
1A-10 810 135 «25 - 182,900 " g L of huttons.
1AC-2 840 140 .25 - 108,600 Chiefly fatigue cracks, some pulling/
1c -8 960 160 «25 16,100 35,200 Pulled buttons.
1A-32 1020 170 .25 -—- 23,200 L L
1A-25 1140 190 +25 === 8,100
1A=30 1200 200 .25 -— 500 Shear.
1A -5 510 85 .50 7,227,600 8,553,100 Fatigue crack.
1CcD-9 570 95 .50 2,640,900 f t
1CD-7 690 115 <50 280,000 683,000 L it
1A-19 690 115 .5 290,000 594,300 " i
1A-23 780 130 «50 340,000 770,300 8 &
1A-26 200 150 - 50 135,000 Between pulling buttons & fatigue cracke
1A-12 960 160 «50 44,300 Buttons pulled.
1A-28 1020 170 «50 16,700 Ly it
1A-24 1020 170 +50 16,200 " 4
1A-17 1080 180 «50 39,700 . "
1A-13 810 135 SA 7,600,000 >11,771,400 Failed during reloading.
1A-15 960 160 5 623,700 1,068,000 Fatigue crack.
1A-14 960 160 o5 348,200 483,100 w o
1A-16 1050 175 <75 290,800 i !
1A-11 1200 200 «75 166,500 ¢ "

(14




TABIE 6. FATIGUE DATA ON LAP JOINTS OF 0.032" ALCLAD 24 S<T WITH 4 SPOTNELDS SPACED 1%" APART

Sample Total Max. | Maxe. Load | Ratio Cycles to First | Cycles to

Number load Lbse Lbs./épot Mine.Strcss | Observed Crack- | Failure Type of Break
Maxe.Stress inge

2E1 460 115 «25 5,442,900 6,621,200 Fatigue crackes

2H22 500 125 «25 338,300 1,295,500 . ft

2HI30 520 130 «25 266,000 863,400 S L)

2H23 560 140 «25 599,200 1,119,300 U it

2F17 640 160 «25 210,000 227,500 Fatigue crack (shear failure?)

2G15 700 175 «25 67,000 69 4500 Shear.

2G1-32 760 190 25 ——— 46,600 Shear and pulling buttonse.

2EF7 840 210 «25 3,800 Shear.

2ES 880 220 <25 2,800 Shear.

2E6 920 230 «25 6,750 Shear.

2EF8 1000 250 «25 1,250 Shear.

ZHI26 1040 260 «25 1,100 Shear.

224 520 130 .50 1,338,600 3,171,100 Fatigue crackss

2HI27 600 150 50 427,000 886,400 Fotigue cracks.

2E3 640 160 «50 678,900 1,193,500 i 3

2G14 720 180 «50 177,000 326,200 Fatigue cracks and pulling buttonse

2EG20 800 200 .50 52,400 71,500 Pulled buttons.

2E2 840 210 «50 ——— 22,500 u "

2F18 880 220 «50 27,400 Fatigue cracks.

2HIZ29 900 225 <50 -—— 26,800 Pulled buttons.

2EF9 960 240 «50 28,200 3 L

2EF12 1080 270 «50 4,500 Shear.

2BG21 600 150 «75 >10,275,200 Did not fail.

Reloaded 800 200 <75 57,600 Fatigue cracks.

2F16 680 170 «75 1,126,000 1,959,600 o u

2EF10 800 200 o 75 125,000 549,500 L) o

2E4 900 225 «75 141,800 174,400 " Ui

2HIZ28 1000 250 .75 142,700 338,200 " L

QHIZ2S 1040 260 «75 119,900 Pulled buttonse.

2EG 19 1080 270 <75 168,000 " "

2Y
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TABLE 7. FATIGUE DATA ON LAP JOINTS OF 0.032" ALCIAD 248-T WITH 6 SPOTWELDS SPACED 3/4" APART
Sample Total Maxe. | Max. Load Ratio Cycles to First | Cycles to
Number Load Lbs. Lbs-/Spct Mine Stress | Observed Crack- | Failure Type of Break
Maxe. Stress | ing.
2LNZ1 540 90 «25 >10,642,300 | Did not fail.
Reload 840 140 «25 768,200 | Fatigue crack.
2JL9 570 95 «25 732,800 1,503,400 | Fatigue cracke
2KL5 690 115 <25 854,000 1,089,000 | Fatigue cracke.
2JK17 750 125 «25 350,300 776,000 | Fatigue cracke.
2MN 29 810 135 «25 225,000 439,000 | Fatigue crack.
2GI2 930 155 «25 293,100 296,20C | Fatigue crack.
2N32 1050 175 «25 75,100 119,800 | Fatigue and pulled buttonse
21N20 1200 200 .25 -——- 9,700 | Shear
2M26 1520 220 «25 ——— 9,900 | Pulled buttonse.
2LN19 690 115 «50 >10,596,000 | Did not fail.
Reload 960 160 «50 847,700 896,300
2126 750 1256 «50 558,800 1,000,500 Fatigue cracke.
2Jk15 810 135 «50 301,100 735,7C0 L it
2J18 930 155 «50 29,300 346,300 ) i
2JK14 1050 175 .50 93,000 221,900 | Pulled bution, fatigue.
2G1l 1110 185 «50 79,300 150,300 | Fatigue crack.
21123 1200 200 «50 22,800 | Pulled button, shear.
2JK11 1260 210 «50 70,000 113,5C0 | Pulled buttons.
2JK16 1380 230 «50 34,350 Fatigue crackse.
2N 28 780 130 <75 2,208,900 7,043,800 | Fatigue crack.,
21 30 900 150 <75 1,571,600 3,222,500 " 1
2JK10 1050 175 «75 622,800 1,441,400 . g
2JK18 1200 200 «75 226,400 618,100 t "
21M24 1380 230 « 75 116,800 150,000 it "
2M27 1560 260 S 47,200 Pulled buttons and shears.
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TABIE 8. FATIGUE DATA ON LAP JOINTS OF 0»040" ALCLAD 24 S-T WITH 4 SPOTWELDS SPACED 1%" APART
Ratlo Cycles to First

Sample Total Maxe Max. Load | Min. Stress Observed Crack- Cycles to Type of Break
Number Load Lbse . Lbs-/Spot Max. Stress ing Failure
3A25 600 150 0e25 >5,042,100 Did not fail.
3A25(Reload) 1200 300 0425 113,000 Fatigue cracke.
3A23 700 175 0.25 1,309,200 Fatigue crack.
3A19 800 200 025 420,000 779,600 0 "
3A33 880 220 0.25 454,200 539,200 L L)
3A29 1000 250 0.25 189,750 346,800 1 "
3A31 1040 260 0+25 100,000 291,400 L U
3A14 1200 300 0625 25,200 Shear.
3A13 1500 375 0+25 3,600 W
3A15 1620 405 0«25 1,000 i
3A26 700 176 0.50 >15,320,000 Did not fail.
3A26(Reload)1200 300 0+50 66,400 183,600 Fatigue cracke.
3A21 800 200 0+50 515,500 1,964,500 f 4
3A32 880 220 0450 331,600 1,109,000 U it
3A27 900 225 0.50 279,800 897,000 . "
3A20 1000 250 0.50 152,100 1,053,000 £ "
3A17 1200 300 050 73,300 196,500 ik U
3A18 1400 350 050 60,000 72,200 v "
3A22 1600 400 050 8,000 b "
3A28 800 200 0.75 2,188,000 6,784,600 Fatigue cracke
3Al11l 950 237 0.75 1,453,700 2,984,600 b L
3A10 1000 250 0.75 2,373,700 g L
3A24 1000 250 0.75 >3,200,000 Did not fail.
3A24(Reload)1600 400 0.75 200,000 1,380,000 Fatigue crack.
3A8 1100 275 0.75 489,000 842,300 L L
3A7 1200 300 075 1,152,300¢ 1,761,600 W it
3A5 1400 350 0«75 684,300 936,000 " L
3A2 1600 400 0.75 533,300 it 1t
3A4 2000 500 075 220,000 277,000 L t
3A6 2200 550 0.75 41,200 i i

La%
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TABLE 9. FATIGUE DATA ON LAP JOINT OF 0.040" ALCLAD 24 S-T WITH 6 SPOTWELDS SPACED 3/4" APART
Sample Total Mox. | Max. Load Ratio Cycles to First Cycles to
Number Load Lbs. Lbs-/Spot Mine Stress | Observed Crack- TFailure Type of Break

laxe Stress | ing.

3425 690 115 025 >10,753,000 Did not fail
Reloaded 1800 300 0«25 11,100 Pulled buttons.
34BT 720 120 0e25 25124 ,000 Fatigue cracks.
3A24 775 129 0e25 2459734500 t 4
3A23 900 150 0.25 135,900 257 5400 i "
3A22 900 150 Ce25 638,000 i .
3A2 1050 175 0e25 176,400 L i
3429 1050 175 0e25 261,000 " &
3A3 1200 200 0.25 129,300 216,000 ¢ "
3ABS 1320 220 0.25 98,500 153,900 s i
3A1 1500 250 0e25 94,200 126,000 i "
SAB10O 1560 260 0.25 76 ,000 104,600 W i
3AS 1800 300 0e25 16,600 Pulled buttons.
3A4 2100 350 0e25 3,400 Shear.
3AB11 900 150 0450 5,127,000 Shear.
3AB12 1050 175 0.50 1,039,400 Fatigue cracks.
3AB33 1350 225 0«50 174,700 223,400 " R
3A31 1650 275 0+50 31,200 Pulled buttons.
3A32 1650 275 0«50 87,000 Fatigue cracks and pulled buttons.
3A26 1800 300 0450 68,000 Fatiguc cracke.
3A28 2100 350 0.50 31,700 o 4
3ABO 2400 400 0.50 7 5100 Shear.
3A18 1200 200 0.75 10,517,600 Fatigue cracks.
3A21 1350 225 0.75 2,950,000 B #
3A16 1500 250 0.75 490,000 " “
3420 1650 275 0.75 1,000,400 iy "
3A15 1800 300 0.75 318,000 593,000 " o
3A13 2100 350 C.75 387,400 i f
3A8 2400 400 075 143,000 Shear.
3414 2700 450 0475 205,800 Fatigue cracks.
3AL17 3000 500 0.75 88,000 107,600 Shear
3A19 3300 550 0475 4,100 J

VOVN
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TABIE'10. EXTRAPOLATED VALUES OF REVERSED STRESS FOR 0.032" ALCLAD 24 S-T
Weld Spacing Reversed Stress (ILbs./Spot) at Varied Lifetimes Static Ultimate
Inches 50,000 Cycles 500,000 Cycles 5,000,000 Gycles (Lbs./Spot)
Stress IR Stress R. Stress Re
1* , 106 04340 70 0.224 59 04189 312
*
3/4 108 0332 68 04209 43 0e132 325
Single Spot 70 0.184 40 00105 30 0079 381
Reversed
Stress
* yalues reversed stresses extrapolated (see Figure 11).
** Prom tests by Hartman and Stickley (see Reference 2).
*¥** p = stress given lifetime
static ultimate
Z
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TABLE 11. RELATIONS BETWEEN WELD DIMENSIONS AND FATIGUE DATA FOR 0.032" - 0.025" GAGE MATERIAL
Semple Average Width of Average Maximum Ratio | Cycles Location of | Spot Gage
Number Length of Spot (Axis |Penetration | Load/ Point on Spacing
Spot (Axis Normal to |of Spot Spot SN Curve
in Direction| Direction
of Testing) | of Testing)
1A-7 (4) 0+145" 0.140" 44% | .022" | 1004 0.25 2,372,600 On curve. 13" 04025"
1a-4(4) 0.150" 0.140" 44% | .022" | 220# 0425 6 5300 On curve. 13" 0.025"
14D6(6) QRAGTY 0.141" 36% | .018" 85# 0.25 2$530,900 On curve. 3/a" 0.025"
14-25 (6) 0e145" 0136 40% | .020" | 190# 0.25 8,100 On curve 3/4" 0.025"
2H-23(4) 0.134" 0e128% 55% | .035" | 140# 0.25 1,119,300 On curve 13" 0.032"
2E5(4) 0.122" Op123" 50% | +032" | 220f 0.25 2,800 Below curve. 13" 0.032"
2KL-5(6) 0.129" 0.122" 48% |[.031" | 115% 0.25 1,089,000 On curve. 3/a" 0.032"
2IN-19(6) G Lis 1 0.134" 53% |<034" | 1154 0.50 |10,596,000+ High 3/a" 0.032"
keloed 160# 0.50 896,300
1A-31(6) 0e144" G181 45% | .023" | 125# 0425 485,500 High 3/4" 0.025"
1A-2(4) 0.150" 0,139" 58% | 029" | 150# 0425 550,000 High 13" 0.025"
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TABLE 12. SUMMARY OF RESULTS OF TESTS ON 24 S-T ALCLAD
USED FOR COMPRESSION SAMPLES*

Thickness | Tensile Strength | Tensile Yield | Elongation | Compression !
of Sheet (psi) Strength (in 2 in.) | Yield Strength ©
(0Offset 0.28) ¥ (0ffset 0.2%) P
(psi) (psi)
025" Min. 65,300 51,400 17.5
Max. 67,300 50,000 18.0
Ave. 66,500 51,233 177 4L, 000**
032" Min. 66,800 49,700 19.0
Max. 68,400 51,900 170
Ave. 67,510 50,600 18.3 42, 000%*
.0l40" 68,900 51,300 170 4l ,900

* Tests were made at Aluminum Company Laboratories. A complete copy
of their report is given in the appendix. The values quoted above
were selected from data on test coupons from the particular sheets
used in making compression samples.

**Compression yield strength is result for 1 sample.
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TABLE 13. WELDING CONDITIONS FOR STIFFENED PANEL SAMPLES
Secondary Current® Electrode Pressure Surfaee Treatment
Time 1n Forging Pressure Paint Shear Strength
Peak |[Milli-Sec.| Electrode Welding [ Max. [Time for Peak Current | Removing Single-Spot
Gauge4 Value | To Tips Pressure|Value| In Milli-seconds and Removing| Specimen
Inches Amps. |Peak Timel Upper | Lower Lbse Lbs. [ To Start |To Maxs. Degreasing| Oxide Lbs.
0.032Sr 30,400 16 | 62 [23" R |[%" x 10° 800 2400 12 110 Acetone & | R-P.I. 460
Trichlor |Solution
Ethylene No. 4
Vapor
0.032p1 Dome Flat
0.0328r 32,400| 16 | 62 [28" R[1" x 10° 800 2400 12 110 " " 505
0.051pl Dome Flat
0.0325r(2) 37,200 17 | 61 23" R | 5/16"x10°| 800 2400 8 49 Navy Spec.
C-67-C R.P.I. 492
Solution
No. 10
0.040p1 Dome Flat
0.0328r 24,600 [18.6]69.0 [23" R | §16"x10° 600 1800 0 39 " " 410
0.025p1 Dome Flat
S S — ke
l. Total time from start of welding current until decay to 10%.
2. 1 cracked weld others sound.
3. Condenser discharge type of welder.
4. Sr - stringer
o1 - panel
I
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TABLE 14. STATIC COMPRESSION TESTS ON STIFYENED PANELS
Average | Average

Panel Weld Area Area Buckling| Buckling | Crippling| Crippling | Crippling
Thickness | Spacing A 4 W A Load P Stress | Load Pp Stress Stress
(Inches) | (Inches) | (sqein.) | (Inches) | (sq.in.) (Lbs.) P./A- (Lbs.) P2/a Pz/hl
Stiffner

Alone == .162 -- -~ = ~= 5,680 34,400 -
0.025 «75 275 1.436 .198 1,750 6,360 8,400 30,500 42,300
0.025 1.25 .275 1.436 -198 1,750 6,360 7+950 28,900 40,100
0.032 «75 - 306 1.84 .221 2,950 9,630 9,020 29,500 40,800
0.032 1.25 .306 1.84 .221 2+950 9,630 8,300 27,100 37,600
0.040 <75 .342 2.30 «254 3,900 11,400 10,445 30,500 41,100
0.040 1.25 .342 2.30 .254 3,900 11,400 8,640 25,200 34,000
0.051 s 75 «391 2.92 «311 4,600 11,800 11,160 28,500 35,900
0.051 1.25 . 391 2.92 .311 4,600 11,800 9,520 24,400 30,600
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TABLE 15. COMPRESSION FATIGUE RESULTS ON 0.025" ALCLAD 24ST STIFFENED PANELS
min. stress
Ratio ——————— = .25
maxe. stress
Semple | Max.Load(Lbs. )| Spot Spacing |Cycles to failure Type of break
L6 2500 " 6,602,600 Failed - welds pulled
L9 2700 13" 1,524,600 " 1 weld pulled loose
L8 2800 13" 210,000 " 1 weld popped, 1
cracked
e 3100 15" 598,100 Failed
L5 3300 13" 100,700 " 1 weld pulled
£ 3500 13" 6,500 o 1 weld pulled
L7 4000 13" 100 " 3 welds separated
K5 2500 3/4" 2,742,200 Failed - 1 weld pulled
K7 3200 3/an 847,000 " Welds pulled
K1 3600 a/an 714,800 k Welds pulled
*K3 4000 3/a" 7,000 "  While adjusting
cut-off 1 weld, possibly
not sound, pulled
K& 4500 3/4" 3024200 Failed - 1 weld popped
K9 5100 3/4" 11,400 n 1 weld, possibly
not good, pulled
K10 5600 3/4" 4,600 Failed - 2 welds
* For K-3 the ratio,owingto an error, was 0.394 instead of 0.250.
6
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TABLE 16. COMPRESSION FATIGUE RESULTS ON 0.032"
245-T ALCLAD STIFFENED PANELS
Sample Max. Load Cycles to Ratio Spot Spacing Remarks
Number Lbs, Failure Min.Load Inches
Max.Load
A6 7218 63600 +25 3/4
Al0 6498 144,000 «25 *
A3 6000 167,900 <25 "
AS 5496 252,900 «25 "
A2 4500 812,400 .25 o
A7 3996 815,200 » 25 "
A8 3498 20,000,000 «25 " Did not fail.
A8(reloaded) 3996 1,202,420 «25 "
B9 5500 3,140 25 1%
B5 5000 58,000 25 "
B10 4450 104,000 ST i
B2 4080 62,000 «25 "
B6 3980 309,600 <25 L
Bl 3525 1,530,000 A b
B7 3500 31,200 +25 ]
B8 2300 2,127,600 «25 "
B4 2550 22,000,000 «25 " Did not fail.
B4(reloade) 3500 74,500,000 225 "
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TABLE 17. COMPRESSION FATIGUE RESULTS ON 0.040" ALCLAD 24 S-T STIFFENED PANELS

Ratio 0.25 Min. Stress
Max. Stress

Sample Max. Load Spot Spacing Cycles to Failure Type of Break
Lbs.
G2 3400 3/a" 9,496,700 Did not fail
Reloaded| 8000 3/a" 95,500 Two welds popped-
G3 4700 3/4" 714,500
G8 5200 3/a" 682,100
G9 5600 3/4" 455,300
G5 6000 3/@" 213,700 Failed through the one cracked weld in sample .
Gl 6500 3/a" 294,400 2 welds broke
G10 8500 3/a" 58,000
G6 9200 3/4" 34,400 Weld pulled
H8 3200 13" >10,179,900 Did not fail
Reloaded | 6000 1-;‘* 78,500 Two welds popped.
H1 3600 1z 7,539,700 Failed in center welds.
H5 4000 13" 1,156,000
HY 4500 1= 524,000 Weld pulled.
H2 5000 1 61,900 i 4
H3 5600 1:" 200,000 " "
B7 6200 13" 34,800 " "




54

TABLE 18. COMPRESSION FATIGUE RESULTS ON 0.051"
245-T ALCLAD STIFFENED PANELS
Sample | Max. Load Cyeles to Ratioc Spot Spacing
Number Lbs. Failure Min. Load Inches
Max. Load
c9 9350 11,700 1175 3/4
c3 8500 169,800 .25 3
c4 8275 220,000 s 170 L
c2 7626 263,700 173 A
Cc6 7600 217,000 .164 i
Cl10 6900 165,000 .162 1
CS 6750 1,500,000 .250 e
c7 6500 4,000,000 . 200 &
(did not fail)

D7 7250 900 .25 1%
D2 7000 66,000 20 o
Dl 7000 66,800 25 M
D8 6500 290,000 25 t!
D4 6500 42,600 «25 g
D3 6500 22,000 .25 i
D6 6250 638,000 .25 )
D9 6000 10,558,600 .25 "

NACA
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SUMMARY OF RESULTS OF TESTS ON 24 S-T ALCLAD

USED FOR UNSTRESSED ATTACHMENT SAMPLES*

Thickness |Tensile Strength | Tensile Yield | Elongation Compression
of Sheet (psi) Strength (in 2 in.)|Yield Strength
(0Offset 0.2%) % (0ffset o.ei)
(psi) (psi)
025" Min. 65,300 50,000 17eh
Max. 67,400 53,100 18.0
Ave. 66,840 51,620 176 Ul 000**
032" Min. 65,500 49,700 16.0
Max. 68,400 51,900 20,0
Ave. 67,170 50,750 18.4 L2,000%*
. o4o Min. 67,000 51, 300 16.5
Max. 68,900 53,900 17,0
Ave, 67,830 52,570 16.8 L4, 900%*

* Tests were made at Aluminum Company Laboratories. A complete copy
of their report is given in the appendix.
were selected from data on test coupons from the particular sheets
used in making unstressed attachment samples.

The values quoted above

¥¥Compression yield strength is result for 1 sample.




TABLE 20. STATIC TENSION TEST ON UNSTRESSED ATTACHMENTS
Sample Number Gauge Yield Load Breaking Yield Ultimate Elongation
Welds (Lbs) Load (Lbs) (peseis) pessi. (%)
4A28 4 .025 3,800 4,660 50,700 62,100 7
4830 4 .025 -- 4,470 -- 59,500 7
4G 10 2 .025 3,800 4,310 50,700 57,300 5
5p22 2 .032 4,600 5,220 47,900 54,400 6
5J30 4 .032 4,500 b0 46,800 56,600 5
6C27 2 .040 5,800 7,280 48,300 60,600 1
6B26 @ +040 6,175 7,000 51,500 58,400 5
All failed across the line of spotwelds.

98
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TABLE 21. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .025" UNSTRESSED

ATTACHMENT, 2 SPOTWELDS 11" SPACED.

R Min.Stress = 0.25
Max.Stress

Sample Max. Load | Cycles to failure Type of Break
Lbs.
4B13 1200 >10, 604,500 Did not fail.
Reloaded 2500 123,600 Failed in sheet just below welds.
4028 1600 370,005 Failed 2",
4C9 2200 219,800 Failed in fillet.
4B11 3000 41,300 Failed through line of welds.
4D22 3500 69,000 t ) Ly f
4C25 3700 4,700 Failed. One weld cracked.

TENSION FATIGUE TEST ON 24 S-T
ATTACHMENT. 4 SPOTWELDS 3/4"

4C4 1800
4A19 2100
4B12% 2400
4C2 * 2600
4B24 2700
4B26% 3200
4C1* 3600
4B25% 4000
4C3* 4100
4A21 1500
Reloaded 2400

407,400
153,200

142,300
79,300
96,300
57,800
16,900
22,000
12,700

9,493,200
573,400

ALCLAD SHEET 3" x ,025" UNSTRESSED
SPACED R =0.25

Failed in fillet.
Cracked 12" while load being
pulled up.

Failed in fillet.

Failed in bottom fillet.
Failed on top radius.
Failed in welds.

Failed just below welds.
Failed at fillet edge.
Failed in weld.

Did not fail

Failed in fillet

* Unstressed attachment on these samples was ,032".
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TASLE 22. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .032" UNSTRESSED
ATTACHMENT R = .25 Min. Stress
Max. Stress
Max. Load
Sample Lbs. Cycles to Failure Type of Break.
2 spot welds 11" spacings
5P19 2000 520,300 Failed 1-5/8"
5K25 2400 300,100 Failed in fillet.
5M28 2800 213,900 Failed 1-3/@".
509 3300 62,500 Failed through welds.
5R31 4000 70,100 i " &
5N6 4600 39,900 i ft I
5P18 5000 6,700 Ay it b
4 spot welds 3/4" spacings
5K27 1900 >9,787,600
5J24 2000 2,032,900 Failed through welds.
5J23 2400 930,100 " = it
5J21 2600 317,700 Failed 2".
5126 2600 295,600 Failed 1-3/4".
5K28 3000 369,300 Failed in fillet.
5K31 4000 65,000 Failed- 2 right welds on rear of
sheet cracked.
5J29 4500 6,500 Failed in linec of welds.
TABLE 23. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .040"
UNSTRESSED ATTACHMENT R Min.Stress = .25
Mex.Stress
Sample Max. Loed Cycles to Failure Type of Break
Lbs.
2 spotwelds 13" spacings
6A4 2300 3,096,500 Failed through welds.
6C32 2500 1,049,000 Failed 1-3/@".
6A3 4000 223,200 Failed 13".
6C28 5000 74,500 Failed, Crack in weld.
6B 2 6000 5,800 Failed through weld.
4 spotwelds 3/4" spacings
6C27 2400 3,879,400 Failed through welds.
6821 3000 620,850 Failed 13".
6C30 3800 143,800 Failed through welds.
6BZ5 4000 54,300 Failed across welds.
8B22 4200 203,500 Failed in fillet.
6C32 5000 32,900 Failed by shearing sheet
through line of welds.
6C28 6000 48,700 Failed across welds.
6C31 6000 22,000 Failed through all welds.
6B23 6400 9,100 Failed through welds.

DM
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Typical Lap Joint Tension Fatigue Sample
(Note failure by propagation of fatigue crack.)
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NACA Figs. la,b
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18074
1X
Figure 1A

Sample showing shear type failure
through spots. Sample 3A - 4 (86).

8070
1X

Figure 1B

Sample 3A - 14 (4) illustrating
"button pulling" type of failure.




NACA Figs. lc,d

18071
1X

Figure 1C i

Sample 3A - 29 (4) illustrating
beginning of fatigue cracks at top
of welds.

18072
1X

Figure 1D

Semple 3A - 29 (6) showing
propagation of fatigue cracks.
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FIG.3 FATIGUE CURVES FOR LAP JOINTS OF 0.025 ALCLAD 24 ST.

SHEET 6 SPOT WELDS ¥, SPACED

Figs. 2,3
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MAXIMUM LOAD IN POUNDS PER SPOT
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FIG.5 FATIGUE CURVES FOR LAP JOINTS OF 0.032 ALCLAD 24 ST.
"
SHEET 6 SPOT WELDS 34 "'SPACED

Figs. 4,9
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Figs. 6,7
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FIG.7 FATIGUE CURVES FOR LAP JOINTS OF 0.040 ALCLAD 24 ST.
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Figs. 14,15

Keller's Etch 20399
10X

Keller's Etch 20386

0t (a) 2LN19 6 Welds, 3/4" Spacing

0.032"-0.032"

(a) 0.025"-0,025"
4 Welds, 13" spacing.

Keller's Etch 20392
10X

(b) 2H23 4 Welds, 11" Spacing
0.032"-0,032"

Keller's Etch 20385
10X

R R
(b) 0.032"-0,032" i
4 Welds, 1" spacing.

Reller's Etch 20392
10X

(¢c) 1A7 4 Welds, 11" Spacing
0.025"-0,025"

%gngyll-lllllllllllll

Keller's Etch 20387

10X
(e) 0.032"-0,032" Keller's Etch 20399
6 Welds, 3/4" spacing. 10X
(d) 1AD6 6 Welds, 3/4" Spacing
0.025"-0,025"
Figure 14,
Spotwelds in Tensile Samples Figure 15.

Spotwelds in Fatigue Tensile Samples
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Figs. 20,21
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Figs. 22,31
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FIG. 31 -FATIGUE CURVES FOR UNSTFESSED ATTACHMENTS 24-ST ALCLAD I*-"SPOT SPACING.




NACA Fig. 33

Keller's Etch 20390
10%

(a) H2- Longitudinal 0.032"-0,040"
H2- Transverse 0,032"-0,040"

Keller's Etch 20391
10X

(b) L3- Longitudinal 0.032"-0,025"
L3- Transverse 0,032"-0,025"

. Figure 23.

Typical Spotwelds in Stiffened Panel Section




NACA Fig. 234

19949
1X

Figure 24.

Sample K-3, 0,025"-0,032" showing
weld variation and elliptical shaped
welds in thin gage compression samples.




Keller's Etch 20394
50X

L-3 Longitudinal
e 0.032"-0.025" Compression Sample.

Figure 25.

Crack Propagation into Thinner Sheet

W-64 .

Xeller's Etch 20398
(510

G-10 Longitudinal
0.032"-0.040" Compression Sample.

Figure 26.

Crack Propagation into Dendritic Zone
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Keller's Etch 20384
10X

(a) L3 Transverse 0.032"-0.025"
L3 Longitudinal 0.032"-0.025"

Keller's Etch 20383
10X

(b) GlO Transverse 0.032"-0.040"
G1l0 Longitudinal 0.032"-0.040"

Keller's Ztch 20382
10X

(¢) K9 Longitudinal 0.032"-0.025"
K9 Transverse 0,032"-0,025"

Eilgure 27,

Appearance of Fatigue Cracks in Spotwelds




W

NACA

Figs. 38,29

Keller's Etch Zoggs Keller's Etch 20381

K-S Transverse
0.032"-0,025" compression sample.

Figure 28.

Crack Propagation Similar to
That Occurring in Lap Weld Sections.

Keller's Etch 20395
; 10X
(b)

Figure 29.
Fatigue Cracks Starting

L-3 Transverse
0.032"-0.025" compression sample.
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Fig. 30

L7001
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20224

Figure 30

Typical unstressed attachmsnt
tension fatigue sample.

(Note failure through line of welds. )
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Figs. 32,33
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Figs, 34,35

Keller's Etch 20388
10X

(a) 4c25
0.025"-0,025"
49,300 p.s.i.

Keller's Etch 20388
10X

(v) 5K31
0.032"-0,032"
41,600 p.s.i. Keller's Etch 20393

50X

Figure 35
Keller's Etch 20389
10X 4C25
0.025"-0.025"
(¢) eB21 49,300 p.s.i.

0.040"-0.040"
25,000 'pes.i.

Figure 34.

Welds and Fatigue Failures
in Unstressed Attachments
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Fig. 36

Failure
outside weld
Z0ne.

(a) 6B21
0.040"-0.040"
25,000 p.s.i.

Keller's Etch 20397
50X

(b) 4D22 (total failure on other end of weld)
0.025"~0.025"
46,600 p.s.i.

Figure 36.




NACA Fig. 37

18221 Figure 37. The Fatigue Testing Machine




NACA Fig. 38

Figure 38. Grips for compression samples.
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FIGURE 39-WIRING DIAGRAM OF STRAIN MEASURING BRIDGE
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Figure 40.

Photograph of strain analysis equipment
for use in making dynamic measurements
with SR-4 strain gages.
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Figure 41.- Deflection of center line of loading lsver (the deflection is
greatly exaggerated to indicate the effect of ipertia. Points
N,0,P,Q,R are points of attachment of strain gages mentioned in the text).
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NACA Fig. 42
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Figure 42.- Calibration for dynamic throw (left hand side - machine P-18)




