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GUIDﬁS LOR PREVENTING BUCKLING IN AXIAL FA@T@UE TESTS

. oF kgIm SHEET—METAL SPEcIﬁEHS | 'f j”__" c e
By W, 0. Brueggeman and M Mayer’ Jra. - i
SUNMARY . .. T S

Guide fixtures are .described by means of which B
aexial fatigue loads ingluding’ compress;dn may be appliod . -
to a thin shoct—metal specimen, Tests indicabte that tho
guidos provented buckling withound ‘bypassing the load or
injuring the spocimen. TremTowr R

L . R . I e

..., INTRODUORION . . _,, R

T In connection with invcstigations sPonsorod by the
¥atlonal Advisory Committee for Aeronautics it was deo—
sired to nake axial fatigue t.ests opn gluminum—alloy 24ST
sheet-motal specimens 0,032 inch and 0,102 inch thick. _
In gencral, altoernating loads were o be appliedy -that is, I
the loadr wvould -vary sinusoidally from s maximum compres— R
sive load (nminimum load) to an squal maximunm tans;le load _
(maximum load), the mean load being zero. LT e e

To attain unifofmity of stress and for other practi-—
cal roasons, it is necessary that the length of an axial
fatigue specinen be ¥elatlvely great in relation to the
.width, porhaps of the order of 10:1. Assuming that the
minimun width is equal fo that of the standard shest~
motal static tonsile epecimen, 0.5 inch,, the dimensions
of the thinnest specimen would be 0.033 by 0.5 inch by
5.0 inchos. Unloss this specimen ig supported latberally

s it is not pogsible to apply a compressive load of the
magnitude nocessary for fatigue testing as buckling wculd o
» ocecur at a lower load. o =
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Sevoral means for supporting sheef-metal - specimons
agoinst-huekliag .under sbatic loads have "been used (rof—
erencos 1 to 4). The most promising of these for fatigue
loads appearced to be that used at the.National Bureau of
Standards by Aibchison -and Miller ‘(reference 4), which
consists of restralning the specimen between stiff lubri- .
cated guides., This is an adaptation of. the Montgomexry
fixturo (wreoference 3), the rollers hdaving been replaced
by dolid bars. Light—weight guides were developed for
fatiguo use employing this prineciple. ™~

Bofore confidence could be placed. in thoese guldes
it was neccssary to voerify that they preventod buckling
without ©Dbypassing load around the specimen and witlhount
injurious effects on the spocimen, such as abrasion.

Experimental evidence of the adequac¢y of the guidos
is prosentod in this report together’ with = doscrlptian
of the tosting techniquo. : :

-H&ghlgg «— Tests were mado in two axial tension~cmmxvsmnn

fatigue machines, In machiline &4 (£ig.1). the load is
applied to tho specimon by moans of a crank—driven lever
at tho rato of 1000 cycles por minute; in machine B,

(fig. 2) by moans of an eccéntric at the rato of 2000 cyclos
per minuto. The capacity of both machines is about *£1500
pounds.- e o
Spocimon.~-Raduced—ééction sheot—motal fatzgua spoci~
mohse. as ‘shovwn 'ig flguro 3 woro used in: both machines,
Tho thicknoss was O 032 inch for machzno A and 0,102 1nch
for machinc B.

Egidgﬁ.— Guides similar to -thosa shown .in figure 4’

weroc usod in nachine A to make possibleo strain measure—
monts on tho specimen; those shown in figuro 5 wore usod

in machine B for that purpose. ‘For routine tosting strain.

is not moasured; tho guldos shown in figures 6 and 7 are -
used. The parts consisp of A (fig.?) +tho specimen} B,.
a palr of stocl bars lightoned. by milling to an I-section;
G, sido platces whlch hold $ho bars-in place; D, papor . .
saturated with lubricant; I, bolte; F,-washers; &, nuts._,
Thoe speocial side. plates H havo an openlng for = Tuckorman

gage, Thé Volt holes.in the side plates aro olongated to .

pormit - adjustmont.
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The papor, D, has bdoen found neococssary %o robain
the lubricant. Early oxporiments in which the papor was
not used rosulted in abrasion of $the specimen duo to )
working out of -tho lubricant. . o T

When assembling, a stplp of the saturatod papor is
placod on cach side of the specimen; tho parts are bolted
together snugly. but not tightlyi the bars aroc c¢lampod
firmly against tho spocimen by small C—clamps at cach ondj
the bolts zarc tightened and the clamps are removed. Whon
proporly assenbled, tho guido may casily be slid by hand
en the spocinen and in a vertical machine will quickly
work doun on the spocinon under its bwn woight, The guido
is mointainod in ite modial position by placing a feolt or
rubbor pad botweon tho end {or ends in the _caso of machino
B) of tho guide and the grip., )

Bost rosults were obtainea with a greaSQ lhbricant
cf a typo used in ball bearings, This greasc ls™desig-
nated Andol 1I-275 anf is narketed by the Standard 0Ll
Conpany of Wow Jersey. A econt of the grease is applied
to both sides of the papor and 'is allowed to socak in un—
til thec panor is saturatod. o

Tho papor was takon from a lot produced for a speciel
purposc in the experimontal paper nill of tho Bureau, It
is a watorloaf shoet appreximately 0,004 inch thick nmade
fron s furnish of 50 porceont sulfito and 50 percont soda
wood pulp. Its chemical roaction was practically neutral.
This papor differe from most common connpgreclal papors in
that it is free from resin and alumj probadbly its con-
sistency is more noarly that of blotting paper than of
any other connercial papor, Little exporienco'ﬂas besn
had with other papers, One colored papor which was tried

apparently hed a slight corrosive action on bthe aluminum—
alley spocinon,;

The guide bars 4 shown in figure 5 were useod in con—
Junction vith special wirec gagos mounted on tho specimen.
The goges consistod of a hairpin loop of resistance wire
B 0.001 inch in diameter cemented to cach side of the
specimen, For insulation a sirip of paper about 1/8
inch by 5 inchos was comonted %o the spocimen, the wire
loop was ccmonted to the paper, another sirip of papor
was conented on top of the loop. Tho rosistance of esach
gage was 890 ohms, The gulde bar A is lightoncd by mill*
ing to a channel-shape . cross—scection and the face is’
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grooved to clear the wire gage. Grease-saturated papor
was uscd as- with the regular guides.

Iosts . — Strain amplitude measuremonts were made for

several load amplitudos on-specimens—in nachino & undor
both static and dynamic conditions nas follows!

1, Hinimum load is O, guides off

2, Minimum load is 0, guides on

r

3. Mean load is 0, guldes on

For tho static condition the crank of the maeching was .
turned slowly by hand., The strain amplitude was doter—
mined by nocane of s pair of Tuckerman oprtiecal straln
gages nountod on the edges of the specimen as shown in
figuro 4, . The autocollimator was egquipped with a dund-
‘bell rotiocule., . : ‘ d - ’

Tho aanlitude of tho rosisténqe change %§4 of
the wire gagoes was detcrminéd for.tha gpoecinen which
wag loaded in machine B under conditions gsimllar %o
those obtained for machine A, In addition a soriocs of
comprossive loads (maxinum load is 0) were applioed.

Tho change in resistanco of -the -wiroc gages was do~—
termined by means of an a.ec., Wheatastone bridgo of which
a Campbell—Shackolton shieldod ratio box {roferonce 5)
formed two arms, a Xohlrausch slide wire the third, and
the wiro gage the fourth, The change in resistance of
the gogo vith load modulatadd a 1500-wycle carrier signal
applled to0 the¢ bridge; the amount of the modulation was
noasurod on tho scroen of a cathode—ray oscillograph,
The chonge in resistance of %the gagoe was deternined by
adjusting the Kohlrausch.slido wire to produce the sane
chango in-neodulation,

_Rcsg;ig.— The‘quuita are given in figuroce 8 and 9
for machino A ond in figures 10, 11, and 12 fer machine B,
In- the cose of machince B the relative change in resistance

AR

R was »lotted as abscissa or ordinate directly without

converting %o strain., No significant aifforonco is ap—

baront TDbotwoon the anplitudo of the strain or %?
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corresponding to a given load snplitude with tho guides
on and with the guides off.

It is ovident in figure 9 that the strain amplitude
is ‘about 6.5 porcent groator whon machine A is running
than viien tho crank is turned slowly by hand. Tkis
differonco is caused by the inortia of the lovorj a
sinilar difforonce has been observed in another machlne
by othors (roforenco 6) i . - .

Figurglll fails to show an appreciable "dynanic
overthrow® Tor nachine B, within obsorvational orrors
which vere as high as 6 percont for one of tho p01nts.

Thero vas no eoffect of tho guides on the strain or on %?

for stotic and dynanic loads. Pigure 12 shows that %?
was very nocarly equal on both sides of the specinen for
all types of loading with the guldes on.

Experience with the guides on specinens to which
as many as 107 cycles of stress were applied has not
shown any injurious abrasidn or other effocts which
could *be -correlated with premature failurc of the speci—
nen,

Cdnolusion.— A method is doscribed for'laterally

supporting a thin shget—metal specimen %o prevont dbuck-
ling vhen axial compressive fatigue loads are applied.

Tests in two fatiguse—~ftesting nagchines on laterally
supported 245—F sheet—metal specimens 0,032 inch and
0.102 inch thick have indicated an axial condition of
loading and negligible Dbypassing of the load by the
guides, Mo noticeableo abrasion or other injurious eof-—-
focts have been experienced wvhen using the technique
described.

Katioenal Bureau of Standards,
Washington, D.C., January 7, 1944,
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Figure 2.- Fatigue testing machine B.
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Figure 4.- Apparatus for measuring the strain on the edges of a
guided fatigue gpecimen.
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Figure 5.- Special wire gage mounted on a fatizue specimen and
guide for this specimen.
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Load amplitude, 1b
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