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FATIGUE STREIIGTE AND RELATTD CHARACTERISTICS OF AIRCRAFT JOILITS
I - COMPARISOI OF SPOT-WELD AND RIVET PATTER'S
I 24S-T ATLCLAD SEEET - COMPARISON OF
24S-T ALCLAD AFD 75S5-T ALCLAD

By H. W. Bussell, L. R. Jackson,
H. J. Grover, and W. W. Beaver

SUMMARY

This report contains detailed results of a number of fatigue
tests on spot-welded joints in aluminum alloys. The tests des—
cribed include:

1, Fatigue tests on spot-welded lap joints in shcets of un-
equal thiclmess of alclad 24S-T. Thesc tests indicate that the
fatigue strength of a spot-welded joint in sheets of two different
gages is slightly higher than that of a similar joint in two sheets
of the thinner gage but definitely lower than that of a similar
joint in two shects of the thicker gage.

2. Fatigue tests on spot-welded n2lclad 755-T. Spot-welded
lap—joint specimens of alclad 755-T were not any stronger in fa-
tigue than similar specimens of zlclad 24s-7,

3. Fatigue tests on lap-joint speccimens spot-welded after
various surface orevarations, These included AC welding wire-—
brushed surfaces, DC welding wire-brushed surfaccs, and DC welding
chemically cleancd surfaces. While the AC wclds were strongest
statically, the DC welds on wirc-brushed surfaces were strongest in
fatigue. Specimens prevared in this way weore very nearly as strong
as the best riveted specimens tested for commarison.

4, Fatigue tests on specimens svot-welded with varying volt-
age so as to incluce a wide range of static spot-wecld strengths.
F The fatigue strengths were in the same order as the static strengths
but showed less range.
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5. Fatiguc tests on lap-joint specimens with scveral patterns
of soot welds. In general, those patterns which gave highest static
strongths gave also highest fatiguc strengths.

6. TFatigue tests on lap—joint specimens with various rivet
patterns. Again fatigue strengths were in the same order as static
strongths. Theec riveted joints werc generally stronger in fatigue
than corresponding snot-welded joints.

INTRODUCTION

This report describes the results of several investigations
which arc extensions of previous work. (Sce references 1, 2, and el

Preceding revorts have giveon results of tests on lap-joint
specimens consisting of two shcets of 2US-T alclad of cqual thick-
ness joincd by a single row of spot welds in 2 line transverse to
the direction of loading.

Part I of this report describes tecsts on specimens comprising
two shoots of different thickness joined by a single row of spot
welds. All other teosts described herc concern specimens made of
two shcets of cqual thickness.

Part II describes teosts on spot-welded specimens of alclad
755-T alloy.

Part III gives results of tests on svecimens soot-welded
aftor different surfacc preparations. Part IV describes tosts
on specimens soot-welded at different voltages to obtain spots
of widely varying size and static strength. Thesc tests were
made in an cndecavor to learn what tyoe of spot weld may be best
in fatigue.

Part V describes a serics of tests with multi-row 1lsp joints,
Part VI describes a few tests with onc-row and with two-row rivetcd
joints for comparison against rosults on spot=wclded joints. Thesc
two groups of tests allowed some czemination of tho question of
what svot-weld pattorn is best in fatigue and of what fatigue joint
efficicncy may be attainable in spot-welded lap joints.

This investigation, conducted at Battelle Mcemorial Institute,
&

wag sponsorcd by, and conducted with financial assistancc from,

the National Acvisory Committec for Acronautics.
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Acknowledgment is due Mr. B, S. Jenkins of the Curtiss-Vright
Corporation and Dr. Maurice Nelles of the Lockhecd Aircraft Corono-
ration for advice and assistance in obtaining materials and jointed
specimens for this investigation. Specimens for determining the
effects of surface orevaration were received through the courtcsy
of Mr. C. W, Steward of the Curtiss-YWright Corporation. Specimons
for determining the effect of range in spot-weld size were furnished
through the courtesy of Mr. R, C. MclMaster of Californie Institute
of Technology. Specimens of 75S-T were received through the cour-
tesy of Mr. T. Piper of Northron Aircraft, Inc.

I. SPOT-WELDED LAP JOINTS Iif SEEETS OF UNEQUAL TEICINMESS
Test Picces and Static Tests

Two lots of specimens have been tested. Lot A comprised
soecimens using shect gages 0.032 to 0.040 inch and 0.040 to 0.051
inch. The other lot, B, included gages 0.025 to ©.032 inch, 0.032
to 0,040 inch, and 0.032 to 0.051 inch. EFach svecimen was made by
joining two picces (cach 9 in. long by 5 in. wide) by a single row
of soots snacod'B/H inch apart in a line along the center of a 1-
inch overlap section. (Sec, for examole, fig. 1D in recference 1)

o

Table 1 indicates the welding conditions. Figures 1 and 2
show sectioned welds. Table 2 gives average weld dimensions and
static strength values. Valucs for some sovecimens mede under com-—

parable conditions with equal gage sheets haye been included for

.comparison,

It may be obsorved from figures 1 and 2 znd from table 2
that welds in sheets of unequal gage show generally greater per—
centage penctration in the thinner shecet. It 2lso may be noted
that the static strength of a weld joining different gage shects
is betweocen the strength valuc for a weld joining two sheets of
the thinner gage and the strength value for a weld joining two
sheets of the thicker gage. The weld strength for the unequal
sheets is ncarecr the lower of these strengths (that for a weld
joining shects of the lesser gage).

Fatigue Test Results

Tables 3 and 4 show the fatigue tcst results for the first
lot of specimens. Figure 3 shows load-life curves plotted from
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these data for the load ratios 0.25 and 0.75 (curves for R = 0.50
have been omitted to woid confusion, but thesc curves do not
oregsent any new fea es) .

Table H showw fatigue test results for the other lot of samples
and figure 4 the load~lifc curves plotted from these data.

In figurcs 3 and Y4, there have been included curves for sovec-
imens made by cpot-welding equal gage shocts. Fatigue failures
(sce, for example, .fig. 24) were similar to those in joints of
eaual—=thicknecss shcet. In a fow cases, at high loads, 2 button
was torn out of the thinner shcet. (Scc, for examplc, fig. Je, )
In general, the fatiguc-— ”trOﬂgtw valucs bear out thc observation
made for static-strcngth values: the strength of a weld joining
different gagc shects 1s slightly higher than that for a wecld
joining shoets of the thinner gage and definitely lower than that
for a weld joining shcets of the thicker gage. It scems probable
that this statement has limitations, and the conclusion should
not be cxtended to unreasonable differences in shcet gage or ap-—
plied without due regard for the wclding conditions concerned.

II. 'ATIGUE TESTS O SPOT-WELDED ALCLAD 75S_‘T
Test Pieces and Results of Fatiguc Tests

Comparative tests werc made on (1) shoot scecimens of 75S-T
and of 24S-T and on (2) soot-welded lao-joint specimeans of 75S-T
and of 24S-T. All gpecimens were made of 0.,040-inch alclad shect.

Monobloe sheet spccimeong were 1 inch wide Pt the center sec-
tion. (Sce reference By gy 1 ) Tables 6 and show data for
these specimens, and figure 5 shows rcsulting 1o“d—1ifﬂ eurvess
The 755T docs not eovear stronger in fatigue then the 24S-T des-
pite the difference in static propertiecs.

ccimen was made of two picces 9 inches
incd by a single row of spots in the center
of a l-inch overlan section. Takles 8 and O show the fatigue tost
results, jnd figure 6 shows the load-life curvos. For lifetimes
vond 10° cycles and for both load ratios (R = 0.25 and R = 0,60)
used, the 755-T svecimens apnear slightly weakor than the 2U8-T
specimens. It may be noted that the 755-T spot welds were slightly
(about 8 percent) stronger in static shear than the 2LS-T welds

Each goot-welded s

=
long by inches wide joi
S J
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Examination of Spot Welds

Ficure 7 (a, b) shows spot welds in the alelad 24S-T; while
figure 7 (c, d) shows welds in the 75S-T 2lclad.

Welds in the two materials are similar in size, shape, and
goneral acsearance. Hardncss readings at the dendritic zone (where

fatigue failure generslly took place) save 90 Vickers for the 755-T

against 100 for the 24sS-T.

The photographs in figure 7 show characteristic fatigue fail-
ures. IBxcept for the weld in figure 7b, the welds were from speci-
meng loaded similarly (116 1v per svot at R = 0.25). It may be
noted that fallurc in the 755-T welds (c, d) occurrcd at the DTro-
jection of the inner slclad. Failure in the 2US-T (a) took wlace
in the sheet outside the weld slug. However, at higheor loads (ol

ajlure in the 24S-T occurrcd at thec vrojcction of the inmer alclad.

Conclusions

For the tecsts made, spot-wclded 755-T gcemed no stronger in
fatisue than spot-welded 2US-T

It should be remembered that several factors may be concerncd:!
the relative strengths of barc sheet materials, the effect of the
cladding, and the typve of spot weld,

III. IAP-JOI:T SPECIMENS SPOT-WELDED WITH
VARIOUS SURFACE PREPANATIONS
Test Pieces and Static Test T c,';ult.>

Several test pieces of 0.040-inch alelad 2US-T spot-wclded
after various surface prcparations werec furnished tnrovnh the
courtesy of Mr, C. W. Stoward of Curtiss-Wright. UTable 10 list
five groups of specimens. Therc were three groups of spot—woldod
test picces prepared by different processcs. For each of thesc
groups, two lots of spccimens (A and B) were preparcd 2t different
times with, inadvertently, slightly differcnt welding conditionss
For comparison of joint efficicncics, two groups (4 and 5) of
rivetecd spccimens were furnished.
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Figure 8 shows photographs of three failed specimens. One
jllustrates the snot-weld pattern characteristic of grouns 1, 2,
and 3, having throce rows of spots, with the distance between spots
in each row 1/2 inch and the distance betwcen rows 1/2 inch. The
other two specimens shown in figure & illustrate the rivet natterns
of groups U4 and 5.

Table 10 also shows static strength values and static joint
efficicncy values. It mey be noted that the AC wire-brushed svec-
imens had a static joint ecfficiency (95 percent) considerably
higher than that (83 perccnt) of the strongest riveted joints.

b=}

atigue Test Results

Wine specimens of each group wore furnishcd. At Mr. Steward's
sugeestion, threc of these werc run at cach of three presclected
loads.

Table 11 nresents the results of the fatigue tests. The
method of running the tests at threoc preselected loads brings out
the features of scatter in tost results. EHowever, with so Tew
load values, it is not feasible to draw load-life curves or to
calculate fatigue joint cfficiency values for various constant
lifetimes. Nevertheless, figure 9 chows aporoximate load-life
curves in the form of scatter bands which do not attemot to dis—
tinguish among the differcnt spot-weld grouvs. From these curves
and from a fatigue curve (roference By dilce 5) for 2lclad 2uS-T
gsheet, limiting values of joint efficicncies may be cstimated.
Such valucs arc given in table 12. Comparison of these values
with values for other sveccimens tested (sce sec. 5 of this rcport)
indicates that these tcst pieces werc strong in ratigue.

From table 11, it may be observed that, of the spot-welded
gspceimens tested herc, thosc mede by DC welding wirc-Ddrushed
surfaces aoncarcd slightly the stron.est in the fatiguc tests.
From teble 11 and figure 9, it aspears that these same spot-—
woelded specimens were necarly as strong =n the best riveted spee-
imens.

Examinstion of Soot Welds
Figures 10, 11, and 12 show ohotogresphs of scce

e
vl

welds., Table 13 gives average valuos of spot-weld dimensions

for samples from the various groups.
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Carceful oxamination of table 13 affords en interesting obser-
vation. For the AC wire-brished picces, specimen 7 hed a smaller
rugzet area 2nd a smeller total weld area than specimen & but 2n
appreciably lorger fetigue life. This may be connscted with the
larger corona area of specimen 7. A similar observation anplics
on comparing spccimens 1 and 2. Generally the same observation
apnlies on comparing DC welded specimens with cach other. The
apparoently important contribution of corona bonding to fatigue
strongth docs not appear to extend to the comparison of AC vwelds
with DC w“ldn.

Conclusions

The following conslusions are suggeosted by the d~ta described:

>

1. BSpot-wclded joints can be made to have as high static
joint cfficiencics end nearly as high fatigue joint officiencies
as riveted joi Ats.

2. Of the threce tyses of spot-welded svocimens (AC - wire
brush, DC - wire brush, =nd DC - chenically clohnna), the AC wire-
brushed were strongest statically, but the DC wire-brushed strong-
est in fatizue.

3« There is & suggestion that, for a given type of welding
(AC or DC), corona bonding contributes considorably to fatigue
strength.

In view of +he relatively small number of specimens, these con-
clusions must be regarded as tentative.

IV, LAP-JOINT SPECIMINS WITH SPOT WELDS OF WIDELY
VARYING SIZE AND STATIC STRE.GTH
Teat Piecces and Static Strengta

Wine panels with spot velds of succescively larger sizes
were rcceived, together with radiscrachs of all welds, from
Californis Irstitute of Tocchnonlogy through the courtesy of Mr,
R. C. McMaster,

Teble 14 gives the welding conditions for ecch panel. Fie-
ure 13 rhows photogrephs of swots illustrating the veriation in

&
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spot size. (See 2lso figs. 15, 16, 17, an d 18.) Table 15 gives
the romults of nmessurements of the various spot dimensions 2nd
also values of static shear strength from tests on singlec—snot
couvons. The terms used to designatc weld dimensions have been
defined in a previous report. (uco reference 2, p. 4. )

Examinction of the welds and calculstiong from the data in
table 15 showed that the corona aren wes nearly constant through-
out the range of welds (0.0316 sq in. for Panel 1 to 0.0320 sq in.
for Panecl 9). On the other hand, the wecld-nugzet area increascd
from 0.0398 to 0.0804 sguare inch. The ntotic shear strength
incrcased sporoximately in direct proportion to the nugget area.

=S|

atigue Test Results

Strios 3 inches wide conteining threc spot welds each were
sheared from the various panels =nd tested in fatigue. All tests
wiere run a2t a lozd ratio R = 0,25,

Table 16 presents the results of the fatigue tcsts, and
figure 14 shows load~life curves plotted from tnose date.  TFo
avoid confusion, only results for cvery odéd-numbored vanel have
boen plotted - results for other pancls, in genersl, follow the
same pattern.

Two obscrvations are interesting. TFirst, the sporead in
fatigue strensgths is los~ than thrt in static-strength values.
This seems particularly true for lower loads and longer lifetimes.
Second, there is an incrocoase in fatiguc strength with increasing
weld size and increasing static—strangth valuecs. Neither of
those obsecrvations held for some previously reported tests on
spot~welded lap joints (refercnce 2, . 10) It germs that
fatigue strengths may increase in thc same order as st~tic strengths,
for welds variod in size only by verying the welding voltage.

BExamination of Failed Specimens

Figures 15, 16, 17, and 18 show scctions of spot welds from
feiled samples of the various vancls,

It may be noticed that the smaller wclds s
lozds but cracked from the alclad wrotrusion at
Larger welds "oulled buttong! (figs, 164 -nd 17~

N,'1iﬂ1

5 5
(5]
o
Tz
©
=5
"_)
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and somctimes gave risc to failure in the shcet at lichter loads.
Overheated end cracked welds (seoc fig. 18c) showed no signs of
weakness in fatigue or of failure through the transverse crack.

V. TATIGUE TESTS ON LAP JOINTS WITH
VARIOUS SPOT-WELD PATTERITS
Tost Pieces =2nd Static Test Results

Table 17 outlines a series of tests on the offcct on
fatigue strongth of varying the spot-weld pattern in siiple lap
joints, and table 18 show strongth orovertics of the shcet
material used. The purpose wags to detormine the cffects of such
variables as the number of rows of spots, the spacing betwcen
spots, staggering svots in adjacent rows, and pO"t—?”lr” mul ti-
rowed joints. The Boeing joint pattern h°° been included as
representative of a joint that is sucecesegful in uctual service
conditions, Figurcs 1¢, 20, and 21 show photographs of various
joint pattorns

Table 18 gives static test results on tent piecces made
from the various lots of sheet uscd for the spot—-weld specimens.

Tables 19 and 20 give the welding co”d1t1ﬂ~c for the various
ointed specimens. Figures 22, 23, 2nd 2! show photographs of
ectioned welds. In gencral, all welds were of good appearance.
The one exception was for group 3 M2C, vhere wolds apwoearcd to

be overheated.

3
s

-

Table 21 gives static strongth values averaged for two
representative specimens of each groun., t ney be observed thatt

%  lIncroas
ver spot but inc
(Cf. results for

ing the number of rows decreascs the strength
reases total joint strength ~nd joint efficiency.,

3 B1C-D, 3 X1C-D, and 3 M1C-D. )

1

inch avvears to afford a strongs
3 high joint

2. A spot spacing of 1/2
Jaint. (Cf. % K1C-D and 3 X10-F. iote also the
Dl

a
efficiencies in groups 3 M1 to 3 M3C-F.)

3« There does not aopear to be eny notoble effect due to
staggering spots in adjacent rows. (Cf. 3 K1C-D and 3 I1C-D.)
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Post-aging (10 hr ot 370° F) before wolding avesrs to
asc the static joint efficiency; while vost-aging after
may even decrease the stetic joint cfficiency.

5« The pattcrn consisting of threc rows of spots, with the
spots 1/2 inch aport in each row and with the rows 1/2 inch spert,
gave very high static strongths. Of the svecinmens used in these
tests, this pattern produced the strongcst joint in static streoneth
(2 joint stronger than the Booing joints tosted).

Le;o results are in reasonable ac
¥ -
- cy

cord with test resulis reported
turc (referonces L and 5)

Fatigue Test Results

To insurc that the alclad 24S-T sheet used in malking the
spot-welded test piccec had normal fatigue strength propertics,
and to afford base curves for the evalustion of fatigue joint
efficicncies, fatigue tests were run on srmmples of the partic-
ular lots of shost materials used. The resulting data are given
in tebles 22, 23, and 2%, and somc of these data are shown as
load-life curves in figures 25, 26, and 27. The values for the
0.040-inch sheet arc ncarly the samc as those reported for other
lots. (Seco roference 3, teble 2.) Values for the 0.064-inch
shoet are close to thosc for 0.0UM0 inch. XFor both gazes, the
offoct of post-aging . (10 hr = 3700 F) on fatigue otrnpgth was
glight and was in the direc th“ ()i i red“c1rg the fa tizue strongth
(cf. refierence: 3, fig, 5). The 0.016-inch sheet tCStud appeared
to have slightly hisher fatigue strengths for lifotimes beyond
10° cycles at o load rotio of R = 0.25 then either the 0,040~ or
the 0.064-inch shcet.

o

Tables 25 through 36 give the results of fatigue tests on
the variously patterncd joints. Most of the tests were run at
the load ratio R = 0.25 for which the alternating component of
locd is high, so that effects produced by dynamic loading might
be expected to show up. In meny cases, 2 fow tosts wero run at
& higheor load ratio (R = 0.60) in ordvr to note any possible
unexpected effcet of varying the rotio. TFigurcs 28 through 32
show the results plotted as load-lifc curves.
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In verticular, figure 28 shovs fatigue tcet results for
gspocimens of 0.040-inch shnet heying one row of svots and for
specimens having two rows of spots. It scems fair to conclude
thate

1. Two rous: f spots afford a joint morec than 50 percent
stronger than ~ singl row.

2 It docs not make much diffecronce whether the spots in

the two rows are staggercd or in alineument.

e Us 1, 1/2—ihch svacing betwecn spots in A row zives
a. stronger jo than a spacing of B/M inch, both in static
tests and in f timue teats at R= 0.2 However, the "trc“"tg
increane is somewhat dubious a2t 1life tl ies in excoss of 2 X 10
cycles.

P-' 0\1

d'fJ

Joint efficicnecy values will be discussed later.

Fizure 29 shows lond~life curves at R = 0,25 for specimens
having threo rows of spot wolds. It may be obscrved thatt

1, Joints with the spots spaced 1/2 inch ap=2rt in each
row were stronger in fatigue (n5 well as in static tests) than
jointg with spnts soacéd 3/4 inch =zpart. Cf. 3 M1C-D and
3 M1C-F.)

2es Post-aginzg the shcet before joining incrcesed the
static ﬂtrength and aid not significently aeffect the fatizue

gtrength. (Cf, 3 MIC-F =nd 3 M3C-F.)

3+ Post—aging the jointe after welding docressed slightly
both the static strength and the fatigue strength. (&2, 3 M1C-F
and 3 M2C-F.)

Figures 30 and 31 show load-life curves for specimons with
the Bonln’ tvoe joint. It is intercsting to notec the relatively

large decrease in fatiguc strength with decreoasing load and
lifetines increasing to 107 eyecles.

Figurc 32 %hows lo=2d-1ife curves for lap~joint specimong
of 0. OolI inch shoe It will be noticed that the same ge
results held for JOlntS in 0.064~inch shect ~s held for jo
in 0.040-inch materisl.
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Tablc 37 shows some values of joint efficicencicse Joint
officiency is herc defined as the ratio of the strength per inch
of joint to the strength-per-inch width of the sheet material at
the same lifetime and a2t the samc load ratio. Values for post-
aged shoet were used for all jointed specimens post-aged either
beforc or after welding.

Fizure 33 shows smoothed—-out curves of joint efficisncy
e

againct lifctine plotted from the valuzs in table 37. With one
cxception, the fatiguc joint officioncies preserve the same order
as the static values. The fatigue velues arc always lower and
dccreoase somewhat with decreasing lond and incroasing lifetime.
The one exception is the curve for 3 N1E-D (thre> rows of soots
in 0,064~in. sheot) which shows joint efficiencies docreasing
rapidly with decrcesing load ~nd increasing lifetime. This trend
can be obseorved, of course, in the steop load-life curves for these
specimens. (Sce fig. 32.) Yo explanation will bo attompted now.
In comparing the Boeing joint (5 ULC-F) results with results for

)

n

28 ns
the othor patterns, it rust be koot in nind that theose Boeing
joints weore made with roller welds. Preovious tests (reference 3)
have indicated thnt roller welds mey be slightly weaker in fatigue
than spot welds.

Conclusions

Useful interoretation of the results noted avove reguires
correlation with previously rovorted data and very carcful con~
sideration of the limitations nccessary in drowing genecral con-
clusions from particular laboratory tests. It is belicved do-
sirable to omit preomnture conclusions from this progress rcoort.

It may be observed that, in general, variations of fatigue

strongth with veoristions of spot-weld patterns have followed
the order of variations ir static strength.

20

VI. FATIGUE T=2STS O LAP-JOINT SPECIMEL
WITH VARIOUS RIVET PATTERNS
Tost Picces and Static Test Results

For purposes of comparison, tests werc made o
gspccinens fastened by various patterns of flush rivets. Teble
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38 gives specifications for the test piecces ~nd figures 3, 35, ond
36 show photographs of the various types of joints. In choosin

the rivet patterns, it was not the intention to duplicate e "ﬁctlv
the spot-weld patterns but rather to use rivet spacings character-
istic of good commercial practice.

Table 39 gives tho results of static tests and shows static
joint officicncy values (bascd on a static ultimate of 66,700 psi
for the shcet as roceived and 59,000 psi for tho post-azed u“»ct)
The joint efficiency is here defined to be the strength per gross
inch of the jointed specimen divided by the strenzth-per—inch width
of a monobloc speccimen of tho some gage sheet.

It may be observed from the values listed in t=ble 39 thats

1., FYor the single-row spocimens (P1C-D =nd P1C-F), the
1/2-inch gspacing gave a stronser joint than did the 3/U-inch
spacing.

2s Tor the 3/h~inch spacing single row (P1C~D =nd P20C-D),
the post—-aged sovccimens gave o higher joint efficiency.

3. TFor spocimens with two rows those (QLC-D and T10-D)
with approximately 3/4 ~inch spacing betwcen rows were stronger
than those with closer svaced rows. Of these two, QLC-D, which
had its rivets in line, appoared stronger than T10-D in vhich
tho rivets were staggered.

Fatigzue Test Results
Tables 4O through U5 show the rosults of fatizue tests on
the various specimens. Fisures 37, 38, 39, and 40 show various
load—-life curves plotted from these d=ta.

Figure 37 shows curves at three load ratios for grcup P1C-D
(a single row of rivets spaced 3/4 in, apart), The dotted line
shows, for R = 0.25, the curve for the same typc of specimens
post-aged (P2C-D). Apparently, although post-aging increased the
gtatic Joint strength, it slightly decrcased the fatigue strengths
except at very high loads and very short lifetimes.

Figure 36 shows curves (solid lines) for specimens (PLC-T)
with rivets spaced 1/2 inch apart. Thc spccimens with the closer
spaced rivets appear stronger both statically and in fatiguc.
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The strength difference is most marked at very low loads and long
lifetimes. For cxample, at a lifetime of 3 X 10 cycles at 2 load
ratio R = 0.25, the 3/M~inch spacing gives only about 60 percent
the strength of the 1/2-inch spacing.

Fizure 39 shows curyes ot R = 0.25 for specimens with rivets
3/4 inch apart in each row. The increase in strength on adding
a second row B/H inch away is evident on comparing the two curves.
The effect of staggering the spots for the two—row pattern is in-
significant. (Both obsecrvations apply generally to fatigue curves
at R = 0.60.)

Figure L0 shows the load-life curves for three grouvs of
specinens, 21l of which had a pattern consisting of two rows of
stagaered rivets spaced B/H inch apart in each row. The spacing
between rows veried from 3/16 to 11/16 inch. Apparcntly, joints
with the larzest spacing between rows were strongest, being sbove
that for the specinerns (3 B10-D) with a single row of spot wclds
and gonerally near the curve for specimens (3 110-D) with two rows
of spots. Agzain the curve for specimens (Q1C-D) with two rows
of rivets lies very ncar thet for specimens (3 M1C-F) with three
rows of spot welds,

With the possible exception of the curve for 2 single row
of rivets, the order of the joint efficiencies in fatigue is
much the same ag that for static values (fig. 4). Thus, while
the results indicate a generally lower joint efficiency in
fatigue than in static tests, they imply that rivetcd joints
arc better than spot-welded ones in fatizue only as they are
also better statically (fig. 42). It algo appenrs possible
that spot-welded joints can be made that are as strong in
fatigue as riveted joints at the possible expense of having
an extrs row of spot welds.

Battelle Mcmorial Institute,
Colurbus, Ohio, Junc 1, 1944,
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TABLE 1. WELDING CONDITIONS FOR SHEET OF UNEQUAL THICKNESS
it A+ Specimens of Lot A Welded on a PMCO=-2-8
Sciaky Welder
Sheet Thicknesses
Ire) Settings 032 - .040 «040 - 051
'9]
Max. energy relay 162 180
Resistance blooks 5&6 5&6
Contactor pales 8 8
Initieting switch 30 36
Welding press., gege 50 54
Forging press., goge 50 54
Forge time relay 3 3
Pressure Applﬂ variable variable
Hold time relay 6 6
B. Specimens of Lot B Welded on & Taylor-
Winfield rocker arm type stored energy
machine
Sheet Thicknesses
< Settings 025 = 032, 032 = 032, 032 - 040, 032 - 051
Pressure (Lbs.) 680 800 910 850
- Charging Voltage 1200 1360 1400 1350
Capacity (mfds) 960 960 1200 1200
Holding time (dial) 3 3 3 3
TABLE 2. WELD DIMENSIONS AND STATIC STRENGTHS - SHEETS UNEQUAL GAGE
—
Indentation
Specimen Gages Diameter Penstration in Thinnest Statie (2)
P)esign:tion of Sheet of Weld of Weld Sheet (Lbs./Spot) Remarks
EIBC-D «032" = 040" |0.190" 2 0.01" 50% in 0.040" 0.004" 529 | Welded on PMCO-2-8
80% in 0.032"
(1) «040" - 040" 0.230" 65% 0.005" 615 (- Sciaky machine
EICD-D «040" - ,051" 04190" 50% in 0.081" 0.004" 676
75% in 0.040" 0
EIAB-D 04025" = 0.032" 0.120" 35% in 0.032" 0.004" 310 Welded on Taylor - Win-
c 50% in 0.025"
0.032" - 0.032" 0.125" 50% 0.002" 378 field rocker arm type
>
EIBC=D 0.032" - 0.040" 0.140" g%é in Q.040" 0.004" 438 stored energy machine
in 0.032"
(1) 0.040" = 0.040" 0.175" 58% 0.006" 520
f EIBD-D 0.032" - 0.051" 0.190" 65% in 0.051" 0.006" 484
‘ c 45% in 0.032" i

‘ (1) These comparison values have been taken from previously reported work. In general the

welding conditions were similar to those giwen in Table 1.

| (2) Static values were obtained at Battelle on six spot specimens exactly like those tested in

given above but show exactly the same order for different gages.

fatigue., Values reported by the weldere for single spot coupons vary slightly from those
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TABLE 3. FATIGUE TEST RESULT'S FOR SPOT-WELDED LAP JOINT SPECIMENS OF
SHEETS OF UNEQUAL THICKNESS
Specimens of Lot A, Sheets 0.032" to 0.040"
Maximum Load
Total
Specimen Fo. Lbs. Lbs./In. Lbs./Spot Cycles to Failure Remarks
Ratio «26
BIBC-9D 1650 330 275 14,800 +040" sheet cracked welds pulled in 02"
T 1500 300 250 19,200 TWelds pulled in .032" sheet
1 1250 250 208 61,700 Partially pulled welds in .032" sheet
2 1000 200 167 260,500 Fatigue cracks in both sheets
3 875 175 146 489,400 Fatigue cracks in both sheets
5 780 156 130 546,200 Fatigue cracks in 032" sheets
6 780 156 130 647,700 Fatigue cracks in 032" sheets
4 760 150 126 1,576,800 * M s -
8 650 130 108 1,861,900 - » SRR .
10 626 126 104 3,174,400 v ' L] .
‘thio «50
16 2100* 420 350 7,300 Pulled welds in .032" sheet
13 1800 360 300 35,300 " B ane "
12 1500 300 250 120,500 Fatigue cracks in both sheets
11 1250 250 208 286,900
36 1200 240 200 342,100 Fatigue cracks in «032" sheet
15 1000 200 167 1,115,100 . »” b ol "
18 850 170 142 2,384,100 Fatigue cracks in 032" sheet
17 825 165 138 1,446,800 Fatigue cracks in 032" sheet
19 750 150 125 4,036,900 Fatigue cracks in .040" sheet
20 700 140 117 >18,936,700
Re Load 1800 360 300 34,300 Pulled welds in 032" ghoet
14 600 120 100 >10,213,200
Reload 1500 300 250 172,200 Fatigue cracks in both sheets
tio .
22 2600 420 433 23,000
32 2300 460 383 113,200 Pulled welds in +032" sheet
26 2000 400 333 121,300 s u n-_e ¥
24 1760 360 291 326,800 Fatigue cracks in .040" sneet
35 1500 300 250 1,130,300 Fatigue cracks in both sheets
25 1400 280 233 1,085,100 . = et .
27 1250 250 208 1,567,200 = ~ . ) o
34 1200 240 200 3,822,500 = o o L
21 1125 225 188 4,263,000 Fatigue cracks i O¥O" sheet
23 1000 200 167 4,320,700 Fatigue cracks in ,032" sheet
33 900 180 150 >15,972,900
Reload 1500 300 250 1,544,700 Fetigue crucks in both sheets

*ON WYV VOVN
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TABLE 4. FATIGUE TEST RESULTS FOR SPOT-WELDED LAP JOINT SPECIMENS OF
SHEETS OF UNEQUAL THICKNESS

Specimens of Lot A, Sheets 0.040" to 0.051"

Maximum Load
Total
Specimen No. Lbse Lbs./!n. Lba./Spot Cycles to Failure Remarks
Ratio «26

EBICD-8D 2250 450 375 7,000 Pulled welds in .040"™ sheet
7 2100 420 350 14,300 " Y il i
3 2000 400 333 14,900 N " b/ » n
1 1760 350 292 39,500 Fatigue oracks in 040" sheet
2 1350 270 225 109,400 L " ) - "
4 1100 220 183 228,700 n L * o "
5 876 176 146 1,097,200 L L » N o
10 850 170 142 767,100 " - LA »
28 8256 165 137 1,705,800
6 800 160 133 > 9,849,300

Reload 1600 300 250 123,100 Fatiguve aracke in .040" sheet

Ratio «50

19 2750 550 458 1,100 Pulled welds in +040" sheet
13 2376 475 396 32,400 o o BN »
18 22560 450 375 39,400
12 2000 400 333 108,500 Fatigue cracks in both sheets
11 1600 300 250 220,700 . o LR "
17 1400 280 233 427,700 Fatigue worse in 040" sheet
14 1126 225 187 1,268,100 Fatigue oracks in «040" sheet
16 1000 200 167 3,039,900 " - L "
16 1000 200 167 > 9,412,200

Reload 1750 350 292 144,800
9 900 180 150 >10,229,400

Reload 1600 300 250 263,300 Fatigue cracks in both sheets
27 3250 650 542 40,700 Pulled welds in «040" gheet
25 2850 670 475 179,200 \y " LI L i
22 2500 600 417 429,200 Fatigue cracks in both sheets
36 2400 480 400 286,900 Pulled welds in both sheets
36 2100 420 350 426,300 Fatigue cracks in both sheets
2l 2000 400 333 1,291,800 L v bl 5
23 1700 340 283 2,255,000 Fatigue cracks in «040" sheet
26 1600 320 267 3,485,500
32 1600 300 250 2,576,000 Fatigue cracks in 040" shest
34 1400 280 233 > 17,886,500

Reload 2500 500 417 i 148,900 Fatigue oracks in «040" sheet
33 1300 260 217 > 11,472,500

Reload 2700 540 450 143,400 Pulled welds in «040" sheet
20 1200 240 200 > 10,368,400

Reload 2400 480 400 344,900 Fatigue cracks in both sheets
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TABLE 5. FATIGUE TEST RESULTS FOR SPOT-WELDED LAP JOINT SPECIMENS OF
SHEETS OF UNEQUAL THICKNESS

Specimens of Lot B

e
Maximum Load
Total
Specimen Noe. Lbs. Lbs-/In. Lbs./Spot Cycles to Failure Remarks
Sheet 0.025" to 0.032"
Ratio «25
EIAB 2 D 1000 200 167 7,400 Sheared welds
C T 875 175 146 24,900 3 sheared welds = 3 pulled buttons
1 750 150 125 65,000 Fatigue cracks in both sheets
3 625 125 104 318,100 u e = b/ "
9 540 108 90 936,600 Fatigue cracks in 0.025" sheet
4 500 100 83 1,119,400 » " LEEE L "
5 400 80 67 1,822,200 " " o o
8 400 80 67 4,154,100 B £ N Ly
6 360 72 60 4,755,600 g “ gt 2
Sheet 0.032" to 0.040"
EIBC 2 D 1250 250 208 20,800 Fatigue cracks in 0.032" sheet
i1 900 180 150 177,000 L " L "
3 650 130 108 944,600 " o DT "
4 550 110 92 1,287,700 » L ) w *
Sheet 0.032" to 0.051"
EIBD 2 D 1500 300 250 11,700 Sheared welds
C 4 1200 240 200 79,700 Fetigue cracks in 0.032" sheet
Buttons pulled in 0.051" sheet
1 1000 200 167 245,000 Fatigue cracks in 0.032" sheet
7 810 162 135 770,300 Fetigue cracks in 0.032" sheet
8 810 162 135 595'500 " n " " "
3 750 150 126 1,706,000 Fatigue cracks in both sheets
5 675 135 112 1,407,600 Fatigue cracks in 0.032 sheet
6 600 120 100 > 17,166,900
Reload 300 60 50 > 1,967,400
2nd Reload 2500 500 417 300 Sheared welds
9 550 110 92 2,344,800 Fatigue cracks in 0.032" sheet
——

*ON HHV VOVN
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TABLE 6, FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF 24S-T ALCLAD
1,000" X 0,040" AT CENTER SECTION
?=ﬁ—_—-—__—-————==m—
Maximum Load Type of
Specimen No. Total Lbs, PeBodi. Cyeles to Failure Failure
Batio .26
4A1C 5 25660 64,000 26,700 1/4" off center
4 1948 50,000 112,000 3/8" ditto
54 1660 40,000 234,900 9/16" .
2 1166 30,000 927,100 1/2% .
3 1054 27,000 |>11,410,600 Did not fail
Ratio .60
7 2496 64,000 138,500 7/16" off center,
6 2106 54,000 492,900 1/4" ditto
8 1710 44,100 1,722,200 1/8" o
Static Tensile Resulte
Statioc Ultimate, Statioc Yield, Elongation,
Specimen No. PeBesis pes.i. % in 2"
4AlC 9 67,180 41,800 15.3
10 66,150 41,100 15.7
—_—— — —— — ——————
TABLE 7. FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF  758-T ALCLAD

1,000™ X 0.040" AT CENTER SECTION

| Maximum Load Type of

Specimen No. Total Lbse. | p.sei, Cycles to Failure Failure
Ratio .26
XAIC 6 2496 64,000 22,400 5/16" off center

3 1948 60,000 72,900 17D5 »

5 1634 43,000 65,000 1/2" ” »

1 1560 40,000 111,900 at "

4 1292 34,000 250, 700 1/4" ofe! Li®

2 1170 30,000 >10,116,300
Reload 1656 45,000 84,600 1/8" L4 »
Ratio ,60

8 2220 67,000 347,400 9/16" off center

7 1362 35,000 >12,117,200
Reload 1950 50,000 921,900

Static Tensile Results
tatic Ultimate, Static Yield, Elongation

Specimen No. Pe8els Pe8.ie % in 2%
XAIC 9 78,300 66,800 9.3

10 77,600 66,600 9.6

30
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TABLE 8, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS OF 24S-T ALCLAD
WITH ONE ROW OF SP(I WELDS 5/4" SPACED
(Group 4BICD)
Maximum Load
Total Cycles to
Specimen No, Lbs. | Lbs./Spot Lbds./In, Failure Remarks
Ratio .25
4BIC 4D 2000 333 400 2,900 Shear
it 1500 250 300 38,000 " and pulled button
2 1000 167 200 423,800 Fatigue eracks
5 800 133 160 1,055,600 ditto
3 700 116 140 5,453,800 3
Ratio ,60
8 2000 333 400 49,5600 Pulled buttons
6 1500 250 300 249,200 Fatigue oracks
7 1000 167 200 1,683,200 ditto
9 800 133 160 > 13,743,700
Reload 1700 283 340 127,300 Pulled bottons
Static Tensile Results
Static Ultimate
Specimen No. Total Lbs. | Lbs./Spot [ Lbs./Inch
4BIC 14D 2700 450 533
° 15 2600 433 507
TABLE 9, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
oF 755-T ALCLAD WITE ONE ROW OF SPOT WELDS
3/4 INCH SPACED
X
(Group B1C-D
c
Maximum Load
Total Cycles to
Specimen No. Lbs. | Lbe./Spot | Lbs./In. Failure Remarks
Ratio .25
b 4
B1C-3D 2000 333 400 3,800 | Shear
[
3 1500 250 300 32,000 Fatigue cracks
2 1000 16 200 147,100 Ditto
L 700 11 140 983,200 "
5 580 91 116 1,279,100 )
6 480 80 96 > 11,462,500 .
Reload 1000 166 200 197,500 .
Ratio .60
10 2400 Tolo] Lgo 8,500 Shear and pulled
bottons
9 2000 333 400 36,300 Pulled buttons
7 1500 250 300 149,200 Fatigue cracks
g 1000 167 200 895,800 Ditto
Static Tensile Results
Static Ultimate
Specimen No. Total Lbs. Lbs./Spot Lbs./In.
B1C-11D 2780 463 556
12 2960 493 578

3l
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TABLE 10, SPECIFICATIONS OF SPECIMENS WITH VARIED SURFACE PREPARATIONS AND WELDING CORDITIONS
static!3)Jotnt | Cracks
) Loed,| Eff, | via
Group | Surface Prepaeration Welding condltionn(z (1vs.) (%) X~-ray Remarks
A, Alcohol dip and wipe. D.0. weld, Mp force | 4240 | 89.0(%) | mo Specially made welds with fused Alclad
Sol. 1U etch, (1) Wire 1370#, 1.65KV €00 mfd, ring around t (good corona bonding)
brushed. Welded within 195 turns ratio JOO#/ adds approx. 35% to spot strength.
1 10 min, spot setup (4)
B. Diversey cleaner, D.C. weld. Tip rorce 4530 | 84.3 Yes Note larger welds compared to first
Clepo etch, wire brushed,1200f, 1,88KV 800 mfd, group of specimense
Welded within 10 min, 195 turns ratio Dome
tips 3"R 825#/spot
setup
A, Alcohol dip and wipe. D.C. weld. Tip force 4150 73.h(5) Yes Corona bonding poor. larger nuggete
Sol. 14 etch only 1370#, 1,75KV, 800 mfd, than Group 1. Lower eff. due chem
195 turns ratio 570#/ cleaninge
2 spot setup
B, Diversey cleaner D.C, weld, Tip force 3800 70.3(h) Yes Hote larger welds compared to first
then Clepo etch only 12004, 1.88KV, 800 mfd, group of specimense
195 turns ratio Dome
tips 3"R, 650#/spot
setup
A. Alcohol dip and wipe. A.C. weld, Tip force | 5180 | 95.0(5) | ®o Good corona bonding adds approx. 40% to
Sol. 14 etch. Wire brush-790#, 24000 emps, spot strength.
ed, Welded within 10 min.timing 8c; 750#/spot
3 setup . N
B, Diversey cleaner, A.C, weld, Tip force 5000 9“.}( ) Fo Note larger welds compared to first
Clepo etch, wire brushed.600f, 24700 amp. tim- group of specimens.
Welded within 10 min. ing 8c, Dome tips 3"
R 850#/spot setup
in 5-A178T 100° rivets 3/16" diam. Both sheets 4100 73-6(5)
dimpled. 1000%/rivet
5 12-A17ST 100° rivets, 1/8" diam. 4410 82.7(“') Believed to be best
ftivet combinatian
(1) Sol. 14 developed by R.P.I.
(2) D. C. welds made on Federal Model P3-12-BA machine, throct 21", Tips EIX alloy 3" RH.
A. C. welds made on Federal P3-12-RA, throat 21", G. E. Control Panel CR7503, Tips 3" R.
(3) Average values for these specimens.
(4) Based on actual dimensions and 66,400 p.s.i, for parent metal.
(5) Based on actual dimensions and 66,900 " . . -
The above infarmation was furnished through the courtesy of Mr. C. W. Steward.

*ON WYV VOVE
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TABLE 11,

TIONS ARD WELDING CONDITIORS

EATIGUE TEST RESULTS POR SPECIMENS WITH VARIED SURFACE PREPARA=

TABLE 11, CONTINUED

W=b6 .

Epooiman Meximom Load Cycsles to Average Cycles |Bpecimen and Maximum Load Cycles to Average Cycles
pnd Group (Total Ebs.) Pailure to Pailure Group (Total Lbs,) Failure to Failure
Group 1; D.C. Welds (Lot B) pBroup 3: AC Welds (Lot B)
wire brush wire brush
Lot A Lot A
1 3070 15,300 1 3070 6,200
4 1535 104, 200 4 1536 89,300
7 920 2,243,800 7 920 612,100
Lot B t B
2 3070 14,100 el 2 3070 5,400
3 070 13,000/ 2B48e0 3 3070 a,voo} Ss00
5 1535 98.400} P 5 1536 81,6001 __ _
6 1535 122, 218,800 8 1535 ao,aoo} 52,200
8 20 600, 8 920 287,6001 __ __
9 920 503,000} s liga R0 9 920 264,100 276,800
Group 2: D.C. Welds roup 4: 6 rivets
chem clean A 3070 6,200
2 3070 8,200 % —— —— 6,400
iot A 3 3070 4,800
1 3070 19,700 4 1535 89,300
4 1535 65,800 5 1536 99,800 p —— -== 109,600
7 %20 307,900 3 1636 139,700
bt: 3070 3,700 7 920 719,300 e
» 8 920 406,300 p — —
3 3070 iy — — 9 920 665,300 ’
5 1535 73,500 73.600 U
e e
s 13,700 up 5: 12 rivets
2 20 m'm}_ — - 406,050 1 3070 11,300
9 220 680,000 . 2 3070 10,300 p— — 10,300
3 3070 9,300,
4 1636 140,2
5 1636 129,700 » — — 148_400
6 1636 176,200
7 920 4,167,800
8 820 1,137,300 p ~—— 1,503,600
9 920 1,206,600
Note: All tests at load ratioc of 0,26,

°ON YWYV VOVN
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TABLE 13. FATIGUE STRENGTH AS A FUNCTION OF SPOT SIZE IN SPOT WELDS MADE WITH DIFFERENT SURFACE PREPARATION

"ON HYV VOVN

T047%

Weld Penetration,
Lbse Total] Cycles Coronea Diameter, | Corona Area#, Nugget Diameter, | Nugget Area, | % of Total Sheet
Specimen Load to Failure | Inches (Total) Square Inches Inches Sqe Inches (2 X 0.040)
AC-WB=f1 3070 8300 0278 «0502 04115 <0104 50
AC-WB 3070 5400 0.288 «0389 0.183 +0264 65
AC-WB 920 512,100 06275 <0469 0.126 «0125 50
AC-WB~48 920 287,500 0290 0416 06177 #0246 65
DC-WB=41 3070 15,300 04230 20242 0.149 <0174 50
DC-WB=2 3070 14,100 06250 «0275 0.166 .0216 65
DC-WB~#7 920 ,243,800 04285 .0384 0.180 0255 65
DC-WB~}8 920 600,000 04265 «0269 0.190 «0283 65
DC~CC=#1 3070 19,700 0.260 «0277 0.180 «0265 50
DC=CC~#2 5070 3,700 0.256 «0202 04200 <0314 65
DC=CC~#7 920 307,900 04251 «0296 0.159 «0199 50
DC=CU~48 920 412,100 0.258 .0218 06197 +0305 50
TABLE 14, WELDING CONDITIONS FOR PANELS FROM CALIFORNIA INSTITUTE
AC - Alternating current OF TECENOLOGY
DC - Direct current
WB - Wire brush cleaned
CC - Chemiocally rcleaned
* Area assumed bonded. The extent of bonding was estimated from the appearance
of welds after the sheets were torn aparte | Material: 0,040" to 0,040" Alclad 24S-T
Machine: Taylor-Winfield Hi-wave, condenser
discharge welder, 440 line volts.
lectrode pressure: 1100 1lbs. (constant)
apacitance: 960 mfd. (constant)
oltages | e==e- (variable)
hroat: 3iinches (constant)
rm: 9 1/2 inches constant
TABLE 12. APPROXIMATE JOINT EFFICIENCIES FOR SPECIMENS WITH VARYING dius top electrode 4 iﬁhas Eoonst&ntg
SURFACE PREPABATIONS dius bottom electrode 4 inches (constant)
Material cleaned in Oakite #63 and Osekite #64
pecimen Joint Eff, in Per Cent at Various Lifetimes Panel No. Voltage
ype 10% Oyoles |5 x 10% Oycles | 10° Oyoles | 5 x 100 Cyclea [10° Cycles| 1 1350
2 1500
3 1600
pot welded 54-63 38-47 31-42 30-38 — =30 4 1700
iveted 58-64 42-47 40-44 36-41 36-41 5 i
6 1925
e s T 2025
— | 8 2125
Above are epproximate limiting values from the scatter bands shown in Figure 3. 8 2250
::10“13(.);10“ use gross area in both cages and sheet data from Reference 3
ge .
— — —

%2
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TABLE 15, HROPERTIES OF SPOT WELDS FROM CALIFORNIA INSTITUTE OF TECHNOLOGY SPECIMENS
) Max. Kax, Average (2)
Avg. Weld Nugzet Diameter Avz. Corona Diamster '~/ Average Offset Indentation Static Shear

Panel |[Radiographs, | Micrographs, Radiographs, crographs, | Penetrationm, from Cehter | on One Side,| Strength,

umber Inches Tnches Inches Inches Inches Line, Inches| Inches Pounds/Spot Remarks

1 0.13120.010 | 0.102%0.010 0.214%0,010 | 0.22520,001 | 0.020%0.003 0 0,004 230230 4 few abnormally
large welds are in
this group. Some
welds unbonded with
included Alclad.

2 0,13920.010 | 0.122%0.010 0.224%0,010 | 0,236%0.001 | 0.031%0.002 ) 0.005 320220 Very evenly shaped,
no cracks or includ-

2 i " . ed Alclad in nugget.

3 0.170%0.010 0.162-0.005 0.247-0,010 | 0.249=0,001 0.037-0.003 0 0.006 41920 Ditto #2

4 0.179%0.010 | 0.171%0.010 0.25020.010 | 0,259%0.002 | 0.040%0.005 0.002 0.007 490220 Nugget shape becames
distorted, other-
wise OK.

5 0.198%0.010 | 0.19520,005 0.260%0.004 | 0.270%0,001 | 0.051%0,005 0.003 0.007 570%10 Hugget rounded on
one side.

6 0.213%0.010 | 0.202%0.010 0.27120.010 | 0.285%0.002 | 0.058%0,005 0.004 0.007 583%5 Nugget approaching
"dumbbell shspe".

7 0.228%0.010 0.220%0.005 0.283%,007 | 0.294%0,002 0.082%0.008 0.005 0,008 735510 Some small trensverse
cracking.

8 0.244%0.010 | 0.246%0.005 0.301%0.010 | 0.31220,0056 | 0.065%0.005 0.007 0,010 963210 Cracks and porosity
Nugget melted through

% . outer Alclad.

9 0.26220.020 | 0.248%0.010 0.314%0,020 | 0.320%0.015 | 0.070%0.005 0.007 0.012 1075 240 A few abnormaily
small welds are in
this group. All welds
overheated with
cracks, ‘porosity and
melting of outer
Alclad.

(1) Total diameter of coroma ring - not a direct messurement of corona area.

(2) Average of results fram 3 specimens.

Note:

Nearly all welds were round with respect to the surface having the
same diameters parallel and perpendicular to the direction of testing.

*ON HHV VOVN
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TABLE 16.

FATIGUE TEST RESULTS FOR SPECIMENS WITH A

WIDE RANGE OF SPOT WELD SIZE AND STATIC STRENGTH

Specimens:

VALUES

3" Wide, 0.040" - 0,040" Alclad 245-T,
3 Spots in row Transverse to Loading

26

p—— —= == —— |
Maximum Load
Speeimen [Total |Lbs./ [Lbs./ Cycles to
No. Lbs. | Spot | In. Failure Type of Break
Retio ,25
HIC 1-3 | 522 174 174 59,000 Shear
1-4 | 398 133 133 1,613,900 Fatigus crack
1-2 | 318 108 106 2,958,000
2-3 | 750 250 250 2,900 Shear
2-4 | 570 190 190 130,100
2-2 | 474 158 158 831,900
2-5| 390 130 130 2,499,000
3-3 | 900 300 300 4,800
3-11| 615 205 205 138,500
3-2 | 393 131 131 1,206,200
3-4 | 348 116 116 3,410,100
4-1| 736 245 245 800 Shear
4-3 | 735 245 245 46,900
4-2 | 468 156 156 974,400
4-4| 390 130 130 4,158,000
5-1| 846 282 282 44,100 Pulled buttons
5-4 | 540 180 180 321,500
5-3 | 339 113 113 P9,275,100
Reload [1200 400 400 3,200
6-1| 864 288 288 17,200
6-2 | 552 184 184 416,000
6-3| 480 160 160 818,000
6-4 | 408 136 136 2,298,600
7-1 /1104 368 368 13,100
7-4 | 840 280 280 82, 700
7-2 | 702 234 234 147,400
7-3| 450 150 150 2,351,800
8-1 (1428 476 476 5,500
8-2| 912 304 304 67,400
8-3| 630 210 210 331,100
8-4 | 420 140 140 4,075,600
9-1 1596 532 532 2,100 Pulled buttons
9-2 1014 338 338 102,900
9-3 720 2L0 2Lo 2L7,300
9-4 450 150} 150/ >10,238, 700
Reload 1800 600 600 3,300
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TABLE 17. SPECIFICATICNS FOR SPECIMENS WITH S
VARIOUS SPOT WELD PATTERNS E
&)
Distance (2) TABLE 18, STATIC TEST RESULTS FOR SHEET USED IN SPOT WELD 5
Spot Betwsen PATTERN SPECINENS -
Specimen No. | Total Spacing | Overlap Rows 8
Designation [Rows [ No. Spots (Incheeg) (Inches)| (Inches) Remarks (A1l Sheet 24SeT Alclad)
(A1l Test Pieces 1" Wide at Center Section)
0,016" sheet
= 4 a0(1) 1 12 |(See Fig. 3) [Boeing joint
Ultimate Yield Zlongation
0.040" sheet ” Gage (Q.2% in 2V) (in 2™)
3 BiC-D | 1 6 3/a 1 Specimen (Inches) (peseis) DeSele (%)
3 K1C-D 2 12 3{4 1% % i
3 K1C-F 2 18 z 1z gL As Received
3 L1C-D 2 12 3/a 1z 2z S [A1F 8 0.016 66,250 45,600 13752
IAIF 9 0.016 66,250 46,100 13,9
3 M1C-D 3 18 3{4 2 % S
5 M1C-F 3 29 8 2 g 3 AlC 12 0.040 65,200 46,800 14,2
M2C-F 3 29 3 2 %S Post-aged (3) |[3 AlC 13 0,040 66, 700 45,600 14.1
after welding
3 M3C-F 3 29 3 2 is Post-aged be- ||5 AlC 9 0.040 67,200 43,680 14,3
fore welding(3)[ [5 AlC 10 0.040 67,200 43,680 16.6
5 UlC-F 4 40(1) 2 2 (See Fig. 3) [Boeing joint 3 AlE 12 0.064 69,900 50,266 16.2
roll - welds 3 AlE 13 0,064 69,900 50,266 16.4
0.064" sheet /
B1E-D 1 6 3/4 1 Post-Aged*
3 A2C 22 0.040 68,700 64,200 4,5
3 N1B-D 3 18 3/a 2% 3/a s 3 A2C 23 0,040 69,000 63,900 4.4
3 K2E2-D 3 18 3/4 = 3/4 S Post~aged (3)
after welding |[3 A2E 20 0,064 73,200 68,300 4.8
3 E3B-D 3 18 3/4 2% 3/a 8 Post-aged be-5 3 A2E 21 0.064 73,200 67,900 .5
fore walding( )
(1) 1In these tests the total number of spots varied slight- * Heat treated ten hours at 370°F.

ly from one specimen to another.
average ones.

are discussed in the text.
(2) S denotes spots in adjacent rows staggered, L spots in
line.

(3)

Values given here are
Slight variations in individual groups

See Figures 19, 20 and 21 for illustrations.
Heat treated ten hours at 370°F.

Le
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TABLE 19, WELDING CONDITIONS FOR LAP JOINTS WITH
VARIOUS SPOT PATTERNS

Machine: Federal Spot Welding Machine, Model P3-12-RA
Roytheon Condenser Discharge Unit, Spec. No.
W-4508,

Speocimen Groupsg Degreasing Etchant

[Surface Preparation

|
3 B1C-D, 3 K1C-D, 3 KI1C-F,)
3 L1C-D, 3 M1C-D, 3 MIC-F,) Diversey Clepo

3 B1E-D, 3 N1E-D, 3 N2E-D,)

3 N32-D
3 M2C-F, 3 M3C-F Acetone dip and wipe Re.P.l. Sol'n. 14
Tip Force
Specimen Groups (Lbs.) KV Mfd.| Turns Ratio

Machine Setting

3 B1C-D, 3 K1C-D, 3 KIC-F,)
3 L1C-D, 3 M1C-D, 3 MIC-F,) 1200 1,76 800 195

3 M2C-F, 3 M3C-F

3 BlE-D, 3 N1E-D, 3 N2E-D 2000 1.98 1800 390

3 N3E-D 2000 i1 .80 16800 390

Note: 3" Rad, dome tips used for all groups.
TABLE 20, HELDING CONDITIONS FOR BOEING JOINT SPECIMENS

1, Details for joints in 0,016" sheet are not evailable, Conditions
were those of commerciel practice.

2. Joints in 0,040" sheet were made on a Federal Condenser Discharge
Roll Spot Welder, Serial 8908, 440 volt, 60 cycles. Conditionst

Etch = Six minutes in Oskite B84-A
Upper Wheel: (10" diameter
(" wide face with 13" radius

Lower Wheel: (113" diameter
(7/8" wide flat face

Note: Spots not exactly in chain alignment, but
same as those being made for airplanes.




W=56
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TABLE 21, STATIC STRENGTH FOR LAP JOINTS WITH VARIOUS
SPOT PATTERNS
Lbs. per Join* Eff,.

Specimen Group Total Lbs, Spot )
UlF-F 3,330 61 68

3 B1C-D 3,805 634 28
3 K1C-D 6,930 577 52
3 K1C-F 8,970 500 68
3 L1C-D 6,615 550 50
3 M1C-D 8,860 493 67
3 M1C-F 10,250 354 i
3 M2C-F 9,360 319 68#
3 M3C-F 11,050 381 80+
§ UlC-F 9,700 226 T2
3 BlE=D 6,970 1,161 31
3 N1E-D 14,760 820 . 68
3 N2E-D 17,170 956 76*
3 N3E-D 18,240 1,013 80=

#1554 static ultimate of post~aged sheet.
TARLE 22, FATIGUE TEST RESULTS FCR MONOBLOCK SPECIMENS OF

SHEET USED FOR BOEING JOINT SPECIMENS

Maximum Load
Total Position
Speoimen No. Lbs.| pe.sel. | Cycles to Failure of Break
(0.018" gage as received)
Ratio .25
AlF & 1024 64,000 28,400 Failed 1/8" off otr.
4 968 60,000 31,100 Failed in center
2 836 62,000 72,700 |Failed 1/16" off otr.
1 640 | 40,000 368,000 |Failed 5/8" off otr.
8 678 36,000 3,147,300 Falled in center
3 482 30,000 > 9,947,100 Did not fail
Reload 644 40,000 308,400 Failed in center
Ratio .80
AlF 10 966 60,000 661,400 Failed 1“2" off otr.
12 912 57,000 646,200 . . »
11 880 | 55,000 2,708,600 |Failed 11/32" off otrd
7 800 50,000 >10,168,800 Did not fail
Reloed 976 62,000 497,100 Failed 1/8" off otr.
(0.040" gage as received)
Ratio .25
6 AlC 8 2600 65,000 32,800
3 2410 60,000 63,600
3 2010 650,000 117,100
2 1610 40,000 262,600
4 1360 34,000 563,400
b 1044 26,000 2,384,900
Ratio .60
5 A1C 7 2400 60,000 239,800
6 1800 45,000 2,942,800

a9
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TABLE 23, FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS TABLE 24, FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF
OF 0.040" 248~F ALCLAD 0,064" 245-T ALCLAD
Maximum Load Maximum Load Position
Total Position Speoimen No. [Total Lbs.| p.s.i. | Cycles to Failure of Break
Specimen No. | Lbs.| p.s.i.| Cyoles to Failure of Break
|Ratio .25 As received
WRntio 25 lAs received
] 3 A1E 9 4224 66,000 36,400 |Failed 1/8'off ctr.
3 AIC 6 2600 65,000 26,000 Failed in center
5 2400 60,000 49,200 " L 8 3840 60,000 48,400 Failed 2"off center
2 2000 | 50,000 101,000 |Failed 1/4" off center
4 1760 44,000 171,300 Failed in center 6 3200 650,000 53,600
i 1520 | 38,000 301,000 |Failed 1/2" off center
17 1288 33,000 410,200 Failed 7/16' off ocenten 1 2560 40,000 201.300 Failed in center
3 1200 | 30,000 775,100 |Failed 1/8" off center
7 1080 27,000 910,200 Failed 1/2“ off center 2 2180 34,000 439,300 W B L
9 1020 25,500 2,333,200 Failed in center
8 960 24,000 7,646,900 Failed in lower grip 3 1860 29,000 894,500 Failed 7/16'off otr.
IRatio .50 7 1730 27,000 >10,273,300 Removed unbroken
3 AlC 15 2605 65,000 99,500 Failed 3/8" off center 4 1600 25,000 > 9,900,000 Removed unbroken
11 2205 55,000 206,100 |Failed 1/4" off center
14 1522 38,000 1,434,800 Failed in center =
16 1440 36,000 2,946,400 Failed 1/@" off center | Ratio .25 Post=aged
18 1320 33,000 >11,347,700 Did not fail
Reload 2000 50,000 224,800 Failed in center 3 A2E 17 4550 71,000 5,800 Failed %” off ctr.
|Ratio .75 16 3840 60,000 33,000 Failed 5/@“ off
center
3 AXC 10 2600 85,000 805,600 Failed in center 18 3644 57,000 34,200 Failed 1/@" off
el 2210 55,000 4,423,600 center
~ 14 3200 50,000 113,600 Failed 1/16" off
[Ratio .26 Post-aged center 7
10 2560 40,000 187,600 |Failed 3/4" off
3 A2C 26 2000 50,000 72,200 Failed in center center
25 1600 40,000 145,200 Failed 1/@" off center 2 1920 30,000 756,800 Failed %” off otr,
20 1200 30,000 469,300 Failed 1/2" off center
24 972 25,000 >11,835,800 Did not fail 15 1730 27,000 >10, 705, 700
Reload 1556 40,000 55,400 Failed 1/4" off center
30 2400 60,000 30,200 Failed 1/@" off center Reload 2560 40,000 176,900

* Heat treated ten hours at 370°F,

*Heat treated ten hours at 370°F,

*ON HYV VOVA

TO04%
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TABLE 25,

WITH A SINGLE ROW OF SPOT WELDS

(Group 3 BiC-D 0,040" Sheet) *

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

Maximum Load
pecimen (Total Lbs./ [Lbs./
No. Lbs, Spot Inch Cycles to Failure Remarks
Ratio ,25
3 B1C-1 D | %200 533 640 300 Pulled buttons
2 2000 666 400 9,700 . L
3 1250 208 250 397,300 Fatigue cracks
5 1000 167 200 1,132,300 Fatigue oracks
6 900 150 180 1,015,600 Fatigue cracks
8 775 129 155 2,386,500 Fatigue oracks
11 650 108 130 > 10,003,100 w >
Reload 1200 200 240 376,700 = "
atio ,60
3 81C-9 D| 3000 500 600 4,400 Five pulled but-
tons, 1 shear
4 2000 333 400 121,000 Five pulled but-
tons
7 1250 208 250 1,170,700 Fatigue craocks
12 1000 166 200 >10,807,800 Did not fail
Roload 1800 300 360 108, 700 Pulled buttons
10 950 158 190 >10,141,500 Did not fail
Reload 2600 416 500 11,000 Pulled buttons
&?—h

TABLE 26,

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

WITH TWO ROWS OF SPOT WELDS

(Group 3 K1C-D 0,040" Sheet)#

Specimen Maximum Load Cycles to
No. Total Lbs, [ Lbs./Spot | Lbs./inch| Failure

h@atio +25

3 Ki1C-3D 4000 333 800 2,300

1 3000 250 600 13,700

12 3000 250 667 18,200

2 2500 208 500 105,100

14 2400 200 533 92,600

4 1800 150 360 541,200

13 1800 150 400 349,500

6 1400 117 280 1,393,800

7 1250 104 250 3,244,800
tio ,60

3 K1C-8D 1800 150 360 1,745,900

9 1400 117 280 > 36,001,400

* Specimen 3 B1C-D: Single row of apots 3/4" apart
in 1" overlap.

*Speoimens 3 K1C-D3

Spot spacing within each row 3/4",

Distance between rows 1/2",

Spote of alternate rows in line (of load);
overlap 1 1/2",

*ON HYV VOVN

TOd¥
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TABLE 27,

PFATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH TWO ROWS OF SPOT WELDS

(Group 3 KIC-F 0,040% Sheet)=

TABLE 28,

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS

WITH TWO ROWS OF SPoT WELDS

Group - 04 et)*
( 3 L1C-D 0,040" Sheet)

‘O YUV VOVN

TOdY

Specimen Maximum Losd Cycles to Specimen k Maximum Load Cycles
No. [Total Lbs.|Lbs./Spot|Lbs./inoh Failure No. otal Lbs. Lbs./Spot|Lbs./incH to Failure
Ratio .25 [Ratio .25
3 L1C-2D 4000 333 800 3,500
3 K1C-9F | 5000 277 1000 6,500
5 3400 283 680 7,700
8 4000 222 800 21,600
1 2400 200 480 83,300
i 3000 167 600 72,500
3 1750 146 350 331,000
2 1800 100 360 476,100
6 1300 108 260 913,000
3 1800 100 360 568,000
8 1000 83 200 >11,582,200
5 1500 83 300 6,614,500
6 1000 56 200 p»10,786,400 atio .60
3 L1C-9D 4500 375 900 34,600
Ratio .60
4 3400 283 680 126,800
3 K1C=13F | 6000 333 1200 11,500
7 2000 167 400 1,072,400
11 4500 250 900 95,000
10 1750 146 350 >10,269,100
T 3000 167 600 774,900
Reload 2500 209 500 723,100
10 1800 100 360 1,707,800
12 1400 78 280 pP12,210,100
*Specimens 3 L1C-D: Spot spacing within each row 5/4" .
Reload 3000 167 600 1,001, 700 Distance between rows 1/2%,
Spots of alternate rows staggered.
Overlep 1 1/2",

*Specimens 3 KIC-F: Spot spacing within each row 3",
Distance between rows Jg"'.
Spots of alternate rows in line (of load);

overlap 1%" .

2g
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TABLE 29. FPATIGUE TEST RESULTS FOR LAP MINT SPECIMENS TABLE 30, FATIGUE TEST RESULTS FOR LAP JDINT SPECIMENS
WITH THREE ROWS OF SPOT WELDS STAGOERED WITH THREE ROWS OF SPOT WELDS
(Group S MI1C-D 0,040® Sheet)s (Group 5 MIC~F 0,040" Sheet)s
e =
ls;noimn L Maximum Losd Cycles Specimen Maximum Load Cycles
No. otal Lbs.[Lbs./Spot[Lbs./inoh to Failure Remarks Fe. Total Lbs.|Lbs./Spot Lbs./IncH to Failure
Ratio .25 {Ratio .25
3 M1C-2D 6000 333 1200 2,700 3 M1C-16F 8000 276 1800 2,900
13| 5000 278 1000 13,450 3 7000 241 1400 12,000
10| 4400 244 880 62,700 | Result uncertain| 1 8000 207 1200 18,600
Load varied dur-
ing test. 2 4200 145 840 60,600
12| 3800 211 760 71,800
4 2800 97 560 382,500
1| 3000 167 600 133,100
5 2400 83 480 811,000
6| 2400 133 48C 180,100
6 2000 69 400 1,476,100
3| 1700 94 340 1,146,700
10 1600 55 320 |> 9,468,500
5| 1400 8 280 [P>10,694,500
|Ratio_ .60
Reload| 2200 122 440 363,300
3 M1C-15F 9400 324 1880 7,800
atio .60
9 8000 275 1600 32,700
11| 8000 444 1600 1,000
8 6000 207 1200 134,000
8| 6000 333 1200 27,500
14 4700 161 940 212,500
7| 4000 222 800 175,200
7 3800 131 760 1,965,800
4| 3000 167 600 623,000
13 3000 103 600 [|>12,626,600
9 1800 100 360 4,301,700
Reload 3800 131 760 857,000
S e e
*Specimens 3 MIC-D: Spot spacing within each row 3/4%,
Distance between rows 1/2", *Specimens 3 MIC-F: Spot spacing within each row 1/2",
Spots of alternate rows staggered. Distance between rows 1/",
Overlep 2", Spots of alternate rows staggered.

Overlap 2%,

ee




TABLE 31.

FATIGUE TEST RESULTS FOR LAP JCINT SPECIMENS

WITH THREE ROWS OF SPOT WELDS

(Group 3 M2C-F 0,040" Sheet)#

TABLE 32,

W-56

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH THREE ROWS OF SPOT WELDS

(Group 3 M3C-F 0,040" Sheet)*

Post=aged after welding (heat treated 10
hrs. at 370°F,)

Specimen Maximum Load Cycles Specimen l Maximum Load Cycles
No. otal Lbs.|Lbs./Spot|Lbs,/IncH to Failure No. otal Lbs.[Lbs./Spot]Lbs./Inch to Failure Remarks
atio ,25 hatio «25
3 M2C- 6F 6000 207 1200 5,800 3 M3C-4F 7000 241 1400 11,800
2 3800 131 760 75,900 L 5600 190 1100 23,700
1 2400 184 480 396,200 2 3800 131 760 101, 500
3 1800 52 360 856,000 3 2600 90 520 320,800
4 1400 48 280 > 11,360,300 8 2000 69 400 2,716,900
Reload 3200 110 640 100,300 10 1700 60 340 P10,344,600
Ratio ,60 Reload 3800 131 760 118,400
5 M2C-10F 7600 258 1500 12,100 Eatio +60
T 6000 207 1200 27,400 3 M3C-6F 6000 207 1200 96,800
5 4000 138 800 218,600 5 3800 131 760 700, 700
9 3000 104 600 1,134,100 Y 2800 97 560 1,667,000 | Result uneertain,
Load varied dur-
ing run,
9 2400 83 480 P 11,161,700
»Specimens 3 M2C-F  Spot spacing within each row 1/2",
Distance between rows 1/2", Reload 3800 131 760 750,800
Spots of alternate rows staggered.
Overlap 2",

*Specimens 3 M3C-F:

Spot spacing within each row 1/2",
Distance between rows 1/2",

Spots of alternate rows svaggered,
Overlq a.c

Post-aged before welding (heat treated
10 hours at 3%0°F.)

TOdY °"ON HYV VOVH
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TABLE 33, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS TABLE 34, FATIGUE TEST RESULTS FOR LAP JOINT
NITH BOEING TYPE SPOT WELD PATTERN SPECIMENS 0,040 INCH BOEING TYPE JOINT =
L4 =
(Group UIF-F Boeing Joint in 0,016" Sheet)# (Group 5 U1C~F = 0.040 Inch Sheet) -
l$pecimen Maximum Load Cycles =
No. otal Lbs.[Lbs./Spot|Lbs,/Inch| to Failure Cycles to ¢
bpecu:en Yo, Lbs./Weld | Lbvs./In. Failure &
atlo .28 Batlo .25 =
UIF 11 F 3000 75 600 10,600 5 U1C-11F 7500 178 1500 4,400
9 6000 143 1200 12,000
2 2000 50 400 40,900 1 4200 100 840 35.600
2 3000 70 600 137,100
1 1580 39 318 87,600 L 1750 350 1.233.300
10 1500 35 300 3,141,400
17 1400 35 280 109,200 6 1250 29 250 |>13,591,000
Reload 4000 93 800 39,900
3 1250 31 250 114,400
4 1000 25 200 207,200 5 U1C-12F 7500 183 1500 23,500
[ 5700 129 1140 78,300
5 750 19 150 485,200 2 3000 70 600 137,100
7 2200 53 440 2,863,500
6 500 12 .5 100 1,021,100 13 1850 42 370  |> 34,000,000
360 9 72 2,204,400
18 280 S<b S 10,0655 T0D ® Specimens 5 U1C-F ~ l&/rmu of roll welds 1/2" spaced
7/8" between center rows
Reload 3000 75.0 600 100 1-3/1&“ O e
tio .60 2" overlap
14 3000 75 608 34,200
13 2000 50 400 141,700
18 1400 35 280 436,800
19 1000 25 200 1,067,000
20 720 18 144 1,528,500

*Specimens UlF-F:

Spot spacing within esch row 1/2",
No. of rows of spots - 4,

Distance between inner rows3 /4",
Distance between outer rows 1 1/8",

Overlap 1 1/2",

Sg




TABLE 35. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH ONE ROW OF SPOT WELDS

(Group 3 B1E-D - 0.064" Sheet) * TABLE 36. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH THREE ROWS OF SPOT WELDS (0.064" SHEET)
Maximum Load Maximum Load
L Total Cycles to Total Cycles to
pecimen No. Lbe. | Lbs./Spot | Lbs./In. Failure Specimen No, Lbs. | Lbe./Spot | Lbs./In. Pailure
Ratio .25 [Ratio .25 As received (Group 3 N1E-D) (1)
3 B1E-14D 4000 667 800 5,500 3 N1E-1D 6000 333 1200 43,000
T 3000 500 600 35,300 2 4000 222 800 127,500
12 2400 Loo 480 116,700 3 2600 iy 520 586, 800
3 1750 291 350 639,500 5 1500 83 300 2,544,000
L 1300 217 260 1,297,100 1 900 50 180 |>11,879,600
5 1100 183 220 1,573,600
6 850 142 170 > 10,000,000 [Ratio ,60
Reload 2400 Loo 480 136,500 3 N1E-9D 7000 388 1L00 335,200
L 5000 278 1000 557,300
Ratio ,60 6 2800 156 560 L4, 324,600
3 B1E-10D 5200 867 10Lk0 1,700
8 4000 667 800 78,500 Batin .25 Post-aged ) after velding (Group 3 N2E-D)(1)
if 2000 333 Loo 1,262,100 3 N2E-1D 6000 333 1200 29,100
11 1500 250 300 3,700,000 2 4000 222 800 87,700
13 1200 200 240 > 20,433,400 3 2400 133 480 499, 800
5 1600 89 320 1,301,600
7 1250 69 250 2,48, 200
Spot welds 3/U" spaced PL—L.J_‘i 60
1* overlap
3 F2E-4D 5000 278 1000 385,300
6 3500 194 700 907,900
Batio .25 Sheet post-aged(a) before welding (Group 3 N3D-D (1)
3 N3E-3D 7500 117 1500 24,300
1 3800 211 760 168,200
8 2400 133 480 421,100
2 1500 83 300 4,690,200
4 950 52 190 | > 7,925,000
Reload 1900 105 380 527,600
E; e ——

(1) Specimens 3 F1%-D, 3 N2B-D, and 3 N3E-D:
3 rows of spot welds staggered
3/4* between rows
3/4" epacing within the rows

(2) EHeat treated 10 hours at 370°F.

TOdY °ON HHV VOVN
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Joint efficiency here means the ratio of the fatigus strength of

a gross width of joint to the fatigue strength of the same width of

sheet at the same lifetims under the same load ratio.

6. Riveting peiformed with a Chicago Pneumatic Squeezer.

TABLE 37. JOINT EFFICIENCY VALUES fOR SPOT-WELDED PATTEENS TABLE 38, SPECIFICATIONS FOR RIVETED LAP JOINT SPECIMENS
Rivet Distance (2)
Various Lifetimee for R = 0.25 Specimen Width No. Total No.| Spacing | Overlap |Between Rows
Static 10% 4 x 10 105 4 x 100 [ 10® ] L x 100 [Pesignation (Inches) | Rows Rivets (Inches) | (Inches)| (Inches)
0.040" 24s-T Alclad lap Joints P1C=D)
4 2 § 6 3/4 3/4
3 B1C-D 29 15 15 1h 17 17 15 ||(2)Pc-D) /2 / /
3 K1C-D 52 23 22,5 2y 28 28 2k P1C-F 6 1 10 12 3/8
3 13C-D 50 27 22.5 23 25 22 25
3 M1LC-D 61 40 33 31 32 34 31 QlC-D 41/ 2 12 3/4 7/16 3/4 L
3 K1C-F 68 35 29 26 26 31 23 RI1C=D 4 15/16| 2 13 3/4 15/16 3/16 §
3 M1C-F 17 54 41 37 39 38 35 81C-D 415/16| 2 13 3/4 11/8 3/8 8
3 M2C-F 68 i 37 39 375 37 32 T1C-D 4 15/16| 2 13 3/4 1 5/16 11/16 §
3 M3C-F 80 54 D 37 39 38 35
5 U1C-F 72 i6 32 30 31 29 2 i A S
0.064% 24S-T Alclad 1lap jointe 21; P2C-D specimens were post-aged after riveting,
3 315D 31 17 15 17 17 16 n 2) 8 denotes rivets in adjacent rows staggered, L rivets in line,.
3 N1E-D 66 e 3 30 26 22 bt Riveting Procedurs
3 N2E-D 5 = 29 25 23 19 13 1. All material 0,040" Alclad 24S-T.
3 ¥3E-D 80 = 33 30 26 22 % 2, Rivets AN426AD-5, 100° countersunk, 5/32 D,
Rivet material Al7S8-T specification An-FF=-R551,
0.016" 24s-T Alclad with Boeing type joints 3, Both sheets drilled with hand motor using #1 (0.159") drill.
U1F-F 68 57 L2 40 2L 17 1 Holes burred with countersunk type burring tool.
4. Surface skin dimpled 100° on one shot rivet gun (Chicago PneWmatic)
6. Bub-dimpled other skin 110° on same equipment.

*ON WMV VOVN

TOd%
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NACA ARR No. 4F01 38
TABLE 39, STATIC TEST RESULTS FOR RIVETED LAP JOINT SPECIMENS

Specimen Static Ultimate Values (1) Static Jointz)
Designation [Total 1bs, | Lbs./Rivet | Lbs./Inoh' Eff. (%)
PIC-D 4160 693 925 35
P2C-D 5130 855 1140 41
P1C-F 6940 694 1385 52
Qic-D 8700 725 1935 75
RIC-D 8750 675 1762 67
sic-p 9100 700 1820 69
T1C-D 9290 716 1858 70

(1) Note, in Table 1, that specimens of different groups differ
considerably in widthe

(2) Joint efficiencies are basel on gross width of the jointed test
pieces end on 66,700 p.s.i. statio ultimate for as received
sheet and 69,000 static ultimate fer post aged sheet,

TABLE 40, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS
WITH OFE ROW OF FLUSH RIVETS

(Group P1C-D) (1) 4s received

X, Load
otal Cycles to
Ls :uen No. Lbs. | Lvs./Rivet | Lbs./In. Failure
tio .
P1C-25D 3800 633 864 17,500
22 3600 600 823 22,600
10 3000 500 668 55,000
15 2550 L25 570 93.&
2 2350 425 566 75,
1 2koo 400 534 101,600
14 2400 Loo 538 131,400
16 2100 350 L66 175,900
5 2100 350 L66 180,200
1800 300 400 305, 600
5 1560 260 347 572,000
6 1328 225 300 937,800
7 11 190 254 1,288, 800
8 960 160 213 1,677,900
9 810 135 180 > 8,438,000
t
P10-20D 3900 650 873 57,600
11 3000 500 668 228,500
17 2400 400 526 423, 800
18 1800 300 406 704, 300
19 1kko 240 322 2,L06, 300
P1C-26D 3800 633 858 186,600
27 2800 Le7 626 318, 800
28 2000 333 Lug 927,300
30 1700 283 390 1,773,900
29 1600 267 360 1,680,300
- 31 1500 250 331 3,730,000
0 o
D 3900 650 880 747,300
2k 3300 550 45 1,828,900
21 3000 500 678 8,008,200
(Group P2C-D) (1) Post-aged (2)
rzc%gn 4500 750 1010 5,700
46 3380 565 762 29, 700
:ﬁ 2koo 0o 534 96, 700
1680 280 374 261,300
us 1200 200 267 ‘778, 800
47 900 150 205 1,264,400
L8 750 125 150 3,436, 800

(1) Specimens P1G-D, P2C«D: L-1/2" wide, single row of
rivets 3/4" apart, 3/4" overlap.
(2) BHeat treated 10 hours at 370°F.




TABLE L1,

FATIGUE TEST EESULTS FOR LAP JOINT
SPECIMENS WITE ONE ROW OF FLUSH RIVETS

(Group P1C-F) °®

TABLE 42, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO ROWS

OF FLUSH RIVETS.

(GROUP Q1C-D)#

W=56

Specimens P1C-F: 5" wide, single row of rivets 1/2" apart,

3/4" overlap

L Maximum Load S
Total Cycles to Maximum Load Cycles to
[Specimen No. Lbs. |Lbs./Rivet | Lbs./In. Failure [Specimen No. Total Lbs, | Lbs./Rivet [Lbs./in. Failure
[Ratio .ZE tio 425
P1C-1L4¥® 6000 600 1220 10,500 QlC 9D 7500 576 1550 10,100
8 5100 510 1030 15,100 6 6000 500 1340 18,700
7 4500 450 91k 23,800 4 4800 400 1080 37,800
3 3600 360 730 37,800 1 3600 300 810 89,000
1 3000 300 608 101,200 2 2640 220 590 298,800
2 2500 250 506 140,900 3 1920 160 427 1,665,000
4 2000 200 405 923, 800 5 1680 140 375 3,473,600
5 1750 175 354 8,650,400
6 1700 170 pnn 9,381,300 tio 50
. 11 4200 350 940 142,200
Ratio .50 14 3000 250 670 1,733,700
1C-10F 5000 500 1010 50, 700
11 3500 350 700 188,900 tio ,60
18 2350 235 450 527,300 10 8000 666 1830 31,500
16 2250 225 450 467,200 15 6000 500 1343 89,700
8 3800 292 840 453,600
Ratio .60 7 3000 250 678 734,300
P1C-23F 6000 600 1212 49,000 16 2500 192 559 > 9,972,000
20 3800 380 772 253,200 Reload 5500 291 760 1,371,600
21 2600 260 520 615.900
22 2300 230 u67 €34,600
24 2000 200 402 1,099,500
25 1800 180 370 4,377,000 * Specimens Q1C-D. 4 1/2" wide. Two rows of rivets 3/4" spacing
within each row, Distance between rows 74".
Rivets of the two rows in line. Overlap 7/16",
P1C-17F 5500 550 1100 266,900
15 4200 420 846 539,600

*ON HHV VOVN

T04¥

62



NACA ARR No. 4F01

TABLE 43, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO ROWS
OF FLUSH RIVETS (GROUP R1C~D)#
Maximum Load Cycles to
8pecimen No. otal Lbs. Lbl?ﬁnt Lbn.?in. Failure
R1C 7D 7600 577 1500 5,100
6 5600 422 1100 125700
: | 4000 308 800 37,000
2 2800 215 560 93,200
3 2000 154 400 436,200
4 1600 123 320 2,223,300
5 1350 104 270 3,941,800
8 1200 92 243 > 13,018,200
Reloead 3000 231 608 »
Ratio .60
16 8000 615 1600 32,600
11 6000 481 1200 70,600
10 4200 323 708 181,000
9 3000 231 608 1,292,700
16 2832 218 566 2,268,400
14 2700 208 544 8,242,300

* Specimens R1C-D,

TABLE 44,

4 15/16" wide,

spacing within each row.

rows 3/16",

ROWS OF FLUSH RIVETS (GROUP 81C=D)=*

Two rows of rivets, 3/4"
Distance between
Rivets staggered Overlap 15/16%,

FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO

#* Specimens 81C-D,

4 16/16" wide,

spacing within eech row,
Rivets staggered.

each row 3/8%,
1 1/6%,

JMaximum Load Cycles to
Specimen No.  [Total Lbas, | Lbs./Rivet | Lbs./in, Feilure
2
81C 14D 8400 646 1700 4,300
6 6800 522 1360 12,100
1 6000 461 1200 17,900
2 4000 308 810 60,000
3 3000 230 605 179,800
4 2200 170 446 695,000
7 1860 142 369 2,616,900
6 1700 131 342 > 10,060,400
Ratio .60
b1 8400 646 1700 25,800
8 6800 622 1360 61,400
10 6200 400 1040 156,000
9 4000 308 €00 302,000
11 3000 230 600 4,116,400
19 3000 230 600 8,161,700

Two rows of rivets, 3/4"
Distance between

Overlap
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TABLE 45, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO
ROWS OF FLUSH RIVETS (GROUP T1C=D)®

Maximum Load Cyocles to
Speoimen No.  [Total Lbs, | Lbs,/Rivet | Lbs,/in, Failure
Vo)
i\
=
Ratio 26
T1C 5D 8000 616 1600 10,500
1 6000 461 1200 25,000
2 4400 338 894 68,000
3 2800 215 560 317,500
4 2200 169 228 1,533,800
6 2000 154 414 5,565,800
Ratio ,60
11 8500 654 1700 37,000
9 5400 415 1080 120,900
1 3800 292 760 1,889,200
10 3300 254 670 2,611,900
8 3000 230 608 7,600,000
» s Specimens T1C-D, 4 15/16" wids. Two rows of rivets, 3/4"
spacing within each row., Distance between
each row 11/16", Rivets staggered. Overlap
1 5/16",
1 TABLE 46. JOINT EFFICIENCIES FOR RIVETED TEST PIECES
m’———_-——— =
Joint Efficiency in Per Cent (2)
Specimen (1) 108 |4 x10% 10° |4 x210° 105 |4 x10°
Designation |Static [Cycles | Cycles [Cycles| Cycles [Cycles | Cycles
P1C-D 35 35 30 26 26 24 20
P2C-D 38 36 29 28 27 21 14
P1C-F 52 46 31 29 31
Q1lC-D 73 60 4] 39 39 40 42
R1C-D 66 47 31 29 28 28 27
81C-D 68 53 38 3€ 36 35 37
T1C=D 70 62 41 39 39 40 42
====———_—___L——._=—_==m
. (1) For meaning of specimen designation, see Table 38.

(2) Defined es ratio of strength per inoh of joint
to strength at same lifetime of an inch width of
monoblock sheet.

4 All fatigue joint efficiency values quoted above
are for & load ratio R = 0,25,
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NACA ARR No. 4FO0l

Keller's etch 1T OX
29159

(a)

Keller's etch 10X

Keller's etch 1E@RE

Kellieg's .etch HOX
29161
(Ed:)
Figure 1.- Spot welds 1n dissimilar

gauge sheet - Company B welds.

Ratbglii
0.032"% -=0,040"
(a As received
0.0321. = @E@LEH
(b) Fatigue break
0« 040" SO IREE
(c) As received
0. 040N “= 0@ SHAD
(d)

Fatigue break
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NACA ARR No. 4FO01 Big. 2

0.032" - ONGLOD
Fatigue break

Keller's etch 10X

0.032H —0SE511
(b) As received

0.0320 -0 0025"
(fe

As received

0.032N ==0S02Hi

Keller's etch

0.032" = HOSHE Bl
Fatigue break

0103 2" | == i0E
Fatigue break

Keller's etch 10X
29164
(e-f)
Figure 2.- Spot welds in dissimilar gauge

sheet - Company C welds.
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MAXIMUM LOAD IN POUNDS

NACA ARR No. 4F01 Figs. 3,4
4000 = 4050 STATIC (0.040—0.051)
3690 STATIC (0.040-0.040)
oo ) (0]
3000~ 3174 STATIC (0.032-0.040) __ _ Ry \\\
o N ~
20
iy R=0.25 Gl %
bt
~
b T
1500 -
\ \ Jo,—0.040-0.040
X g, A
B i N 0.032-0.040
MAX. LOAD K
1000
900 \\
\z\o\
800 x\)\
700
600
500
10® 10® 10* 10° 108 10’

MAXIMUM LOAD IN POUNDS

CYCLES TO FAILURE

FIG. 3— FATIGUE CURVES FOR SPOT-WELDED, SHEETS OF DIFFERENT GAGES. (ALL SPECIMENS
5" WIDE, WITH 6 SPOT -WELDS, 3 BETWEEN CENTERS, ON SCIAKY MACHINE.)

SN |
e 3120 STATIC (0.040-0.040)
3000Le- 2905 STATIC (0032-0.051)
- 2630 STATIC (0.032-0.040)
< 2270 STATIC (0.032-0032)
| Ly
2000175 STATIC (0.025-0032) o) P
0040-0040
1500, 0.032-0.051 S
0.032-0.040 N
0.032 -0.032 ~ J_ I
N A ~ \
1000 0.025-0032 =g S \\
~ s
900
800 \\1‘\ AN
700 \A\\ \\ Ry
. MIN. LOAD RN
R* Maxtoap *92° Ty T
8 XN
500 N
iy \
400 o— 4
o
300
102 10 1t 10° 108 0

CYCLES TO FAILURE

FIG.4 - FATIGUE CURVES FOR SPOT -WELDFD SHEETS OF DIFFERENT GAGES (ALL SPECIMENS
5" WIDE, WITH 6 SPOT WELDS, % BETWEEN CENTERS, ON TAYLOR-WINFIELD MACHINE)
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MAXIMUM STRESS PS.I.

MAXIMUM LOAD IN POUNDS

NACA ARR No. 4F01

Figs. 5,6

80000 EC 77,700 sTATIC  755-T

70,000 66,700 YIELD 755-T

66,400 STATIC 24S-T = {' 245-T
) =0.25 —
b 75 5T S| R

40,000f—4,450 YIELD 24S-T

X
r = MIN._LOAD
30.000 MAX.LOAD o X
\r 1§

20,000

102 10° 10* 10° 108 107

CYCLES TO FAILURE
FIG. 5- FATIGUE CURVES FOR MONOBLOCK SPECIMENS OF ALCLAD SHEET (24S-T AND
75S-T ). (SPECIMENS 1.000" X 0.040" AT CENTER SECTION.)

3000

2870 STATIC 75 S-T
2650 STATIC 24S-T

| R=0.60 {‘o
R=0.25 \
o {§’=\ X\\
\ \x
R= MIN. LOAD
ol MAX. LOAD 24 §-T =2 x\ é x
g CLREEZN Ty
800 X X
\A;* i
700 E x':
e
500 o)
P
“.)olo' 10® 0% 10° 10® 107

CYCLES TO FAILURE

FIG. 6-FATIGUE CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS OF ALCLAD  75S-T
AND OF ALCLAD 24 S-T.
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W-56

(a) 116 1bs./cspot
R = Qg2

(b} 166 lbs./Bpot
R = 92285

Keller's etch 10X
29165

\. 24S=T Alclad

(e): 116 lbsE/Epot
R = 0.25

(d) 116y lbss/epoet
R = "0%25

Keller's etch 10X
755-T Alclad
Figure 7.- Comparison of fatigued spot

3 welds made in 24S-T Alclad and 75S-T
Alclad sheet.
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NACA ARR No. 4FO0l1

f4gure 8.~ Photograph of .fatigue test plecess

Each specimen was 10" long,

and 2" wide at the center section,

and had a 2" overlap. The material was 0.040" Alclad 24S-T.
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MAXIMUM LOAD IN POUNDS

MAXIMUM LOAD IN LBS. PER SPOT

NACA ARR No. 4FO01 Figs. 9,14
STATIC VALUES
5000 |+5!80 ]
H-44|0 !
ksl 4100 RIVETS ¢ SPOT-WELDS
3800
~
3000 . 2
\
\ RIVETS
2000 SPOT ~ wab‘
-MIN. LOAD
R*Max Loap =025
1000 \
102 10° 10 10% 108 (oid
CYCLES TO FAILURE
FIG. © —~SCATTER BANDS FOR SPOT-WELD AND RIVET LAP JOINT SPECIMENS WITH DIFFERENT
SURFACE PREPARATION.

1250

STATIC VALUES
[~— 1075 PANEL 9

1000

900
800

MIN
MAX

. LOAD

LOAD

= 0.25

5= 735 PANEL 7

600

~— 570 PANEL 5

N

500

i N

PANEL 9 —\

400

<— 320 PANEL 2

PANEL 7—%

300

=+—230 PANEL | -

PANEL 5

Y

200

103

104
CYCLES TO FAILURE

10°

FIG. [4- FATIGUE CURVES FOR SPOT-WELDED LAP JQINTS WITH VARYING WELD SIZE.

e
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NACA ARR No. 4FO0l Fig. 10

#1 ~ 3070000 s
8300 cycles

#2 - 3070 bk
5400 cycles

Keller's etch 1{ep¢
(b) 29678

#7 - 1GPEEEE
512,100 eyecles

#8 =920 1bs:
287,500 cycles

Keller's etch 10X
1 (d) 29680

Figure 10.- Spot welds from panels cleaned by wire brushing
A.C. welds.
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NACA ARR No. 4FO0Ol Hiiged

$1 = 3070 b sl
15,300 eycles

Keller's etch 150X
(a) 29681

S R, #2 - 3070 1lbs.
Tt 14,100 leyeiies

Keller's etch 10X
(b) 29682

#7 - 920 lbs'

Keller's etch 10X
iet) 29683

#8 = 920 1ibeR
600, 000 cycles

Keller's etch 10X
(d) 29684
Figure 11.- Spot welds from panels cleaned by wire brushing

DRC o welds.,

2,243,800 eycilles
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NACA ARR No. 4FO0l

B e

Keller's etch 10X
(a) 29685

Keller's etch 10X
e 29687

Keller's etch 10X
(d) 29688

#1 -~ 3070 Ebel
19,700 eyeles

#2 = BOYOs DSk
3700 cycles

#7 -'920 lbsh,
307,900 leyclies

#8 - 920 lbse.
412,100 eycilies

Figure 12.- Spot welds from panels cleaned by chemical

methods - D.C. welds.
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NACA ARR No.

s

\
\

iy

4F01

Arae

5X (a) 29167

5X (b) 29168

5X Ee

Misewre 13.-

) 29169

Sheared spot welds

ing corona.

Rt gie
Panel #1, Weld #2
Dark area - weld
Light area - corona

Panel #5, Weld #64
Optimum weld size

Panel #8, Weld #108
Note crack in center

showing weld area and surround-

i3
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Panel #1, Specimen #4

i j‘ ﬁﬁﬁﬁ;n ;.f : 133 1bs/sipet
S R | 1,613,900 cycles
Keller's etch 10x
(a) 29170

Panel #1, Specimen #3
174 lbss/spot
59,000 cyectes

Keller's etch 10X
by} 29171

Panel #2, Specimen #3
250 lbs./spot
2,900 cycles

R e —

Keller's etch 16X
(c) 29172

S woeew Panel #3, Specimen #2
131 1bs.ifcipoib
1,206,200 cycles

et o rn e R IR SRR

Keller's etch 10X
(d) 29173

Figure 15.- Spot welds in Panels #1, -#2, and #3.
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Panel #4, Specimen #1
245 lbs./spot
800 cycles

Panel #5, Specimen #4
180 1lbs. /spoit
321,500 eyeciles

Keller's etch 10X
(b) 29175

Panel #6, Specimen #2
184 1bs./spot
416,000 cycles

Keller's etch 1 EX
{e) 29176

Panel #6, Specimen #1
280 '1bs./s8pot
17,200 cycles

S ———————

Keller's etch 10X
(d) 29 18757

Figure 16.- Spot welds in Panels #4, #5, and #6.
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NACA ARR No. 4FOCl RIg? 17

Panel #7, Specimen #1
368" lbs./spot
13,100 eyeles

Keller's etch 10X
(a) 29178

Panel #7, Specimen #4
280 lbs./spot
82,700 cycles

Keller's etch 1.0
(b) 29179

Panel #7, Specimen #3
150 1lbs . /8pet
2,351,800 cyclecs

Keller's etch LG
ich) 29180

fifpure 17.- Spot welds in Panel. #7.
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Panel #8, Specimen 42
504 . tkbs. /spaot
67 ;400 e yeles

W-56

Keller's etch 10X
(a) 29181

Panel #8, Specimen #4
140 1lbs./spot
4,075,600 ‘cycitas

Keller's etch 10X
(b) 29182

Panel #9, Specimen #3
240 lbsi/spet
247,300 eycles

Keller's etch 10X
(Fet) 29183

E Figure 18.- Spot welds in Panels #8 and #9.




(a) 29388
Spot welds in line (Test 3 K1C-D)
i
3 L
(#b7) 29388 D
L0t welds staggered (Test 3 L1C-D)
LR oure i~ Lap joint specimens with two rows of spot welds
‘Specimens 5" wide, with 1—%—" overlap. ©Spots %?" apart
within rows. Spacing between rows %?".

.
- . -
L
s o
N s
i
1
\
- 1 B
> 1
e 2
A
i
-
EI
f
il




(a) 29392

Spot spacing 1/2" within row & i
(Test 3 M1C-F)

£h). 29392

Spot spacing 3/4" within row
Eresiti 3 M1:C=1")

\

Figure 20.- Lap joint specimens with three rows of spot welds
Specimens 5" wide, with 2" overlap. Spacing between rows

>’i' i
ot

+ Note spots in adjacent rows staggered.




NACA ARR No. 4FO01l ' Pig. 21

1/2" between welds in a row

3/4" between inner rows

3/16" between outer and
nearest inner row

1-1/2" overlap

N Sk

(a) 29391
0.016" sheet (Test UlF-F)

"Roll welds, rows staggered

1/2" between welds in a row

7/8" between inner rows

7/16" between outer and
nearest inner row

2" overlap

(b) 29391
0.040" sheet (Test 5 UlC-F) y

Figure 21.- Lap joint specimens with Boeing type joint.




NACA ARR No. 4F01l Bagl w22

e e SR 0% :ﬁ‘fl’»-ﬁ b %
i
Keller's etch AK1EC~8D 10X
(a) 29668

e S i s i B e
Keller's etch S C=ZD 10X
(b) 29669

Keller's etch 3 M1C-4D 10X
(c)) 29670

Keller's etch 3 M1C-6F 10X
(d) 29671

Keller's etch 3 M2C-3F 10X
(e) 29€71

e m g Eee IR TR R T 5 S

Keller's etch SN CSEH 10X
(8&2) 29672
Figure 22.- Representative welds from spot pattern specimens

(0. 0401
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NACA ARR No. 4FO0l e 5t 2

Keller's etch 30 N1LE-2P 10X
(a) 29673

e
» y
g
.
- ’
» oo

Keller's etch 2 N2E-3D 1LOX
29674

Keller's etch 3 N3E-1D 1O
(fc) 29675

T R T SR e S

Keller's etch 3 BLE-12D 10X
(d) 29676

Figure 23.- Representative welds from spot pattern specimens

(0.064")




\C
i Keller's etch (a) 10X
29665
0.016" - Fatigued-sectioned parallel to direction of testing

Keller's etch (b) 10X
296€6
0.016" - As received-parallel to direction of testing
B i e e
Keller's etch (e) 10X
29666
0.016" - As received-normal to testing

Keller's etch (d) 10%
29667
0.040" - Roller weld-parallel to direction of rolling

: Keller's etch (e) 10X
29667 S
0.040" - Roller weld-normal to direction of riol litng

Figure 24.- Spot welds from Boeing joint specimens.

NACA ARR No. 4F01 Fig. 24
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MAXIMUM STRESS IN P.S.I.

MAXIMUM STRESS RS.I

NACA ARR No. 4F01 Figs. 25,26
T ALUES'
o STATIC VALUES
68,850 ULTIMATE (POST AGED)
70000 J,66,450 ULTIMATE (AS RECEIVED) ~ | —— — 7 "
oL
60,000 ==1:490 YIELD (POSTAGED) ‘g&« 3\‘ s - (e
ey o 1 i\x_
50,000 |— 8 R=.60
"2 46,200 YIELD (AS REGEIVED) e \\ i~ :
\ X\ N '\
40,000 5 .
! X AS REGEIVED R <<
R=.507 K e
O POSTAGED 5 | o
iy e
Re _MIN. LOAD Re.287 0 il
MAX. LOAD L
20,000
10° Tor 10° 10° 10"
'CYGLES TO FAILURE
FIG. 25- FATIGUE CURVES FOR 0.040" ALCLAD 24S-T SHEET (SPECIMENS 1.000" X 0.040"
AT CENTER SECTION )
[
STATIG VALUES
f
73,700 ULTIMATE (POSTAGED) o AS RECEIVED
10004 69,900 ULTIMATE (AS RECEIVED) ~ X
68,600 YIELD (POSTAGED) sl 0
60,000 F—— /‘O
| POSTAGED 7 O~
L < 50,260 YIELD (AS RECEIVED) ¢
50,000 X
40,000 o
\x
30,000 x\fxlsr_
o,
R=MIN_LOAD _ . .. L
MAX. LOAD -
20,000
103 104 105 108 107

CYCLES TO FAILURE

FIG. 26 - FATIGUE CURVES FOR 0.064" 24 S-T ALCLAD SHEET ( SPECIMENS 1.000" X 0.064"

AT CENTER SECTION).
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MAXIMUM STRESS PS.I.

NACA ARR No. 4F01 Figs. 37,38
¢ e 66,250 STATIC ULTIMATE
60,000 Nx \‘Q\ R=.60
\ 3 hKo\
50,000 e R'e.2Y R,
45,850 YIELD \
40,000 1\
'\x*
R = MIN. LOAD
30,000 MAX. LOAD }
rﬁ—
20,000
102 10° 10* 108 10® 107
CYCLES TO FAILURE
FIG. 27 -FATIGUE CURVES FOR 0.016" 24 S-T ALCLAD SHEET (SPECIMENS 1.000" AT CENTER
SECTION.)
$O00L o 8970 STATIC (4)
TO00 |- €930 STATIC (X)
€000 |—8615 STATIC (0)
WOV \“‘\\ R. w»m .0'25
O S804 sTATIC (1) x—\ \
1)
it o i B o, A
N
8 X
3 ’ e
E <ULV
Q
2 \
£ 1800 \k &)
z SPOT 5]
-1 SYMBOL TEST  SPACING NO. DISTANGCE
; : SETVED: B -
no.:;: o 3sc-0 & I 7— ,{ if‘:
sol— X 3Kic-0 2 2 + INLINE S
ob— o0  3Lc-0 ¥ 2 % STAGGERED
HE ; . %
A 3KGC-F 2 - %
] |
10° 104 10® 10° 107

CYCLES TO FAILURE

FIG. 28-FATIGUE GURVES FOR LAP JOINTS 0.040"-0040" WITH ONE AND TWO ROWS OF
- SPOT-WELDS.




NACA ARR No. 4F01 Figs. 29,30
12,500

. 1,050 STATIC (0)
10,000 {10,250 STATIC (a)
5000 [ 9,360 STATIC ()
8,860 STATIC (O)

8000

¥ 8o MIN.LOAD _ g
000 R= MAX_LOAD 0.25:

6000 dx%x\ B

‘/
Vi
/

5000
(2]
o
=
3
O 4000
z POTS b
= Q?APART } O 3MIC-D, AS REGEIVED
'3 b A 3MIC-F, AS RECEIVED
= 3000 _SPOTS l ! ] D\
z + APART X 3M2G-F POST AGED AFTER WELDING N
= IN EACH ROW o
X i 3M3C-F, POST AGED BEFORE WELDING \(\A
2000 \S \\\\>=\g\\----
:;:::\‘~\-~_> 2
\ ——
z 150! — — X
P
e 10° 10* 10° 10® 10"
. CYCLES TO FAILURE
FIG. 29- FATIGUE CURVES FOR LAP JOINTS WITH 3 ROWS OF SPOT -WELDS.
4000
3630 STATIC
5 i §~\\
0 \\.&
& &
X
\
X
R =060
2 R = _MIN. LOAD n-uzsA
3 looo}——— TMAXLOAD % ”
£ oo \\ X
g ok N x N
700 .
2 X N
! 800 \ ‘\ %
3o =
400
\x\
300 N
. X
|
200
X 10 io* 4 10* 10

CYCLES TO FAILURE

FIG. 30~ FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0016" ALCLAD 24S-T WITH
BOEING TYPE SPOT WELD PATTERN.
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MAXIMUM LOAD IN POUNDS

NACA ARR No. 4FO01

Figs. 31,32

10,000

9,700 STATIC

9,000

8,000

7,000

6,000

5,000

4,000

0.60

3,000

. MIN. LOAD
MAX. LOAD

2,000

1,500

10°

10?
CYCLES TO FAILURE

10%

10® i<

FIG. 31 - FATIGUE CURVES FOR LAP JOINT 0.040" SPECIMENS WITH BOEING TYPE SPOT-WELD

MAXIMUM LOAD IN POUNDS

PATTERN.
20,000 }—-18,240 STATIG (a)
17500 = 17,170 STATIC (X)
13,000 14,750 STATIC (0)
MIN. LOAD |
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FIG. 32— FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0.064" SHEET WITH ONE AND
WITH TWO ROWS OF SPOT-WELDS.
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MAXIMUM LOAD

JOINT EFFIGIENCY IN PER CENT

NACA ARR No. 4FO01 . Figs. 33,37
‘ T
SHEET  NO.ROWS
80 SPECIMEN GAGE SPOTS
3BIC-D 0.040 [
77 STATIC 3MIC-F SBIE L 5ha :
72 STATIC 5UIC —F 3LIC-D 0.040 2
70 3NIE-D 0.064 3
3 MIC-D 0.040 3
— 66 STATIC 3NIE-D 5UIG-F 0.040 4 (BOEING, ROLL WELDS)
% |
. MIN. LOAD ,
~\ RE R 0AD s
3MIC-F
50}~ 50 STATIC 3LIC -D ;
o 5UIC—F§\
\‘
sofe 3! STATIC 3BIE-D | 3NIE-D -3
- 29 STATIC 3BIC-D ‘w N =55
\QAT
20 sl
3BIE-D, 3BIC-D ~
b e i
10
10 108 10° . 107
CYCLES TO FAILURE
FIG. 33-JOINT EFFICIENCY CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS.
T T T
1140 STATIC (POSTAGED) Rs .25
1000 | A,
} S
675 900 [+ 925 STATIC (AS RECEIVED) JKQ Wﬁﬁ'x
~
800 \‘ N
2
= \\ \ R-.n)\X\ 2
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, X) N
375 500 Jél
P2C-D N h\(ﬂ' .60
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;) ™ o) \
R= MIN.LOAD N\ \ o
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AN
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Ay s ik
150 200 X ———
E 3 X Ry
[ =z \
B g e
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-
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10? i0® 10t 10° 10° 10

CYCLES TO FAILURE

FIG. 37- FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS. GROUP PIC-D:
RIVETS SPACED -i- APART GROUP P2C-D: SAME BUT SHEET POSTAGED.
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NACA ARR No. 4F01 Biglh 34

(a) 29389
Specimen P1C-D - 4-1/2%
wide - 3/4" rivet spacing

(b) 29389
Specimen P1C-F - 5" wide -
1/2" rivet spacing

Figure 34.- Lap joint specimens with one row of flush rivets.




NACA ARR No. 4FO0Ol brigdli3h

W-56

(a) 29390

Rivets in line (QlC-D)

(b) 293590

Rivets staggered (T1C-D)

‘_ Figure 35.- Lap joint specimens with two rows of flush rivets
é%" spaced, é%” between rows.
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NACA ARR No. 4FO0l Fig.

Q QC C OO0~

Ti1C-D
e Q Q Q @ 11/16" between rows

(a) 29391

S1C-D
3/8" between rows

50“0@ YO (ﬁ'?mf:f R1C-D

1/4% between rows

{ie.) 29356

Figure 36.- Lap joint specimens with two rows of flush
n

: %) : : 5 .
rivets staggered, 7 rivet spaeing within rowss




NACA ARR No. 4F01 Figs. 38,39
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MAXIMUM LOAD
—*

8
/

POUNDS PER RIVET
POUNDS PER INCH

10% 10® 10* 10% 108 il /
CYCLES TO FAILURE
FIG. 38-FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS GROUP PIC-F
RIVETS 4 APART. GROUP PIC-D: RIVETS % APART.

2000% . 1935 0/G-D
L 1858 TIG-D
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x\
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1000 \L

900 |+ 925 Pic-D \

800 ~Q A
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g 00 o
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ﬁ 600 D ‘,(‘A
- \)\ \\\k
Z 400
& O PIC-D ONEROW OF RIVETS ekl
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¢ A TIC=0 LT et Y S R e rinsEReD

300 D
2 N
3

MIN. LOAD <
00— Ryax om0 " 028 -
-
.
= 1ot 163 104 105 108 10’

CYCLES TO FAILURE

FiG. 39 - FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE AND WITH TWO ROWS OF
RIVETS.
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JOINT EFFICIENCY IN PER GENT

NACA ARR No. 4FO1

Figs. 40,41

2000 —/1858 STATIC (0) TIC-D

1820 STATIC (4) SIC-D R=0.60
[™\1762 STATIC (X) RIC-D {\\ Y o
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X & BETWEEN ROWS (RIG-D)
a § BETWEEN ROWS (SIC-D)
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8

.

7

200

MAXIMUM LOAD

FIG. 40-FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH TWO ROWS OF FLUSH RIVETS

108

104 105 w0¢

CYCLES TO FAILURE

STAGGERED —EFFECT OF VARYING SPACING BETWEEN ROWS.

107

80 STATIC VALUES

—~— 75 STATIC QIC-D

TO0F—=—70 STATIC TIC-D
69 STATIC SIC-D

~67 STATIC RIC~D

R=

MIN. LOAD _ g

—— 52 STATIC PIC-F
50

N\

MAX. LOAD
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40
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L
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30

—~RIG=0 ]

\\ NPIC-D
-~ gt

R (PZC-D

104

105
CYCLES TO FAILURE
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FIG. 41-JOINT EFFICIENCY VALUES FOR RIVETED LAP JOINT SPECIMENS FOR DETAILS OF
SPECIMEN GROUPS SEE TABLE 38.
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STATIC VALUES
——77 STATIC 3MIC-F
73 STATIC QIC-D
QIC—-D, 2 ROWS OF RIVETS
\N
f—<—235 STATIC PIC-D | PIC-D, | ROW OF RIVETS
e S J
—
—<—29 STATIC 3BIC-D 3L1G-D, 2 ROWS OF ~ — 5
SPOTS TP St |
- \ —
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FIG. 42- COMPARISON OF JOINT EFFICIENCIES FOR RIVETED AND SPOT-WELDED JOINTS.
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