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BEARING STRENGTHS OF SOME ATUMINUM-ATLOY SAND CASTINGS

By R. L. Moore ol e -
SUMMARY

Bearing tests were made of aluminum-alloy sand castings of 195-Th,
195-T6 220-Thk, and 356-T6 to evaluate the bearing strength of these Sz
alloys and their relation to tensile properties. Comparisons between
tensile properties obtained from individually cast test bars and specimens
machined from the bearing-test slabs emphesize the fact that size and
form of casting may have a significant effect upon mechanical properties.
The bsaring-strength characteristics of these aluminum castings with R
regpect to sdge distance and ratios of specimen wildth to pin dlameter wers
not significantly different from those which have been observed for the _ _
common wrought-aluminum alloys. The ratlos of bsaring yield to tensile -
yleld strengths for the castings were about 20 percent higher than those —
for the wrought materials; the ratlios of bearing ultimate to tensile :
ultimate strengths were about the sams. Ratlos of bsaring to tensile i
strengths are proposed as a basis for the selsection of allowable bearing
values for the design of aluminum-slloy send castings. s

INTRODUCTION

The bearing tests described in thls report are the first to be
made in the Aluminum Research Laboratorles on eluminum-alloy sand
castings and constitute part of a general program of research covering
the determination of the mechanical properties of the light-weight
structural alloys of interest in aircraft design. Although bearing
strengths are probably not a very importent factor in the design of
most aluminum-alloy sand castings, some data relating to this property
are needed.

Reference 1 lists three sand-cast aluminum alloys: 195, 220,
and 356. Values of ultimate bearing strength are given for the First
two, for an edge distance of twlce the pln diameter, but no other
bearing data are given. These tests were undertaken to provide a more B _
complete evaluatlon of the bearing-strength characteristics of these ) . -
alloys. The following tempers were investigated: 195-Th, 195-T6,
220-Tk4, and 356-T6. '


http://www.abbottaerospace.com/technical-library

2 NACA TN No. 1523
MATERTAT,

The bearing specimens were made in the form of cast slabs s 6 by
12 by % inch thick. These slabs were sawed in two and machined to

provide bearing-test specimens 2%_ inches wide by 12 inches long in

thicknesses of both 1/4 and 1/8 inch. Material was machined from both
faces of the castings. Individuslly cast tension test bars of %—inch

dlameter were provided with each lot of bearing specimens. All the
slabs supplied for test were X-rayed and found to be typically sound
and free from defects. .

PROCEDURE

Figure 1 shows the manner in which the bearing tests were made.
The %-inch—thick specimens were loaded on a %‘-inch-diame“ber steel pin,
vhereas those having a thickness of % Inch were loaded on a ﬁ-inch-

diemeter pin. Edge distances, measured in the direction of stressing
from the center of the pin hole to the edge of the speclmen, ranged
from 1.5 to 4 times the diameter of the pin. Tests were made in
triplicate in most cases.

Hole deformations, from which values of bearing yield strength
were determined, were obtalned by measuring the relative movement of
the pin and the specimen by means of a filar micromster microscope,
which could be read directly to 0.0l millimeter. The projecting portion
of the pin on the microscope side was flattened slightly on the under
side to provide & shoulder on which the reference mark for pin movement
was located; a small scratch on the specimen under the pin provided the
reference for specimen movement.-

In addition to temsile tests mede on the standsrd 3§'-:an:h—d_'La.me’oer

individually cast test bars, tensile specimens were also machined from
the bearing-test slabs. Properties from the latter were desirable to
provide a direct correlation between bearing and tensile strengths.
Compression and shear specimens were also machined from the cast slabs.
Table I gives the dimensions of these specimens.

RESULTS AND DISCUSSION

Table I summarizes the results of all the tensile, compressive,
and chear tests made in this laboratory and includes specifiéd minimum
as well as typical properties for purposes ofcomparison. Mechanical
property data reported by the foundry are alse included.
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The tensile strengths obtained in this laboratory from the -:|2-'-inch-

diameter test bars ranged from 18 to 32 percent higher than the minimum
specified values for the castings and from 7 to 20 percent higher than -
those considered as typical. The greatest differences were observed '

for the 195-Th gpecimens which were susceptible to natural aging at

room temperature. The tensile propertles obtained 1n tests made at the

foundry, approximately 1 week after heat treatment and 3 months prior

to the tests made at the laboratory, show the extent of the natural

aging produced. Some natural aging also geemed to be Indicated for the )
195-T6 test bars. Tae two sets of data for the 356-T6 and 220-TL specimens,
however, were in very close agreement.

The tenslle strengths obtained from the specimens machined from
the cast slabs ranged from 16 to 29 percent less then the values o'bta.ined.

from the corresponding %-inch—diameter test bars, the greatest difference

being observed for the 220-Tk. All values were, nevertheless, above the

minimum allowable for test specimens of this type. The tensile yleld

strengths obtained for the 195-Th and 195-T6 castings were several

thousand pound.s per square inch higher than those obtained for the L

corresponding -—inch-d_ia.meter test bars; this would a.gain geem to indicate _

additional natura.l aging, since the yleld strengths o'bserved. for the .
356-T6 and 220-Th samples were essentially the same for the two types of
gpecimen. Elongation values obtained from the slabs were in a&ll cases i

less than thoss obtained from the %‘-inch—d.ia.meter teat bars, although

all the former were above the minlmum that would be permitted. in tests
of specimens machined from castings. . -

The compressive yileld strengths obtained from specimens machined
from the slabs were consistently higher than the corresponding tensile
yleld values, the maximum difference for the 195-Th4 being 11 percent.

The ultimate shear strengths, which are generally considered to range
from about 70 to 85 percent of the tensile strengths, exceeded the latter
in two of the four cases. The signiflcant conclusion to be drawn from
these comparisons is that relations between tensile, compressive, and
shear properties commonly based on tests of sepa.ra.tely cast test bars
may not always be representative of larger castings.

Table IT and figures 2 to 10 glve the results of the bearing tests.
Values of bearing yleld strength were selected from the bearing stress-
hole elongation curves as the stresses corresponding to an offset of
2 percent of the pln diameter from the initiasl straight-Iine portion of
the curves. Ratios of the average bearing to tensile properties, the
latter obtained from tests of specimens machined from the cast slabs,
are given in teble IIT.

The effect of edge dlstance upon bearing strengths and the general
behavior of the castings in bearing was not significantly different from
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that observed previously for & number of wrought-aluminum alloys
(reference 2). The bearing yield strengths were not sensitive to the
differences in ratio of specimen width to pin diameter investigated

and were not appreciably higher for edge distances of 4D (4 X pin diameter)
than for edge distances of 2D; thls was consistent with the conception

of bearing yield strength as a strictly local ylelding phenomenon.
Although the ratlos of bearing yield strength to tensile yield otrength
for any one edge distance wers approximastely the same for all alloys

and tempers, the magnitude of these ratlos was somewhat-higher than

that generally obtalned for wrought aluminum. The ratios for the castings
averaged about 1.7 for an edge distance of 1.5D and 2.0 for an edge
distance of 2D, as compared with corresponding ratios of 1.4t and 1.6

for the wrought alloys.

Ratios of bearing ultimate strength to tenslle ultimate strength
for the castings tested on a %-inch—diameter pln were of the same order

of magnitude as that observed for wrought=aluminum alloys, particularly
those of the medlum-strength class. Ratlios for the tests on a %Hinch-

dlameter pin were consistently higher, as expected. For both slzes of
pin and for edge distances of 1.5D and 2D, the ratios wers hlghest for
the 220-Tk castings which exhibited the highest tenseile elongation values.

CONCLUSIORS

The results of bearing tests of aluminum-alloy sand castings
of 195-Tk, 195-T6, 220-Th, and 356-T6 are believed to warrent the
following conclusions regarding bearing strengths and their relation to
tenslle properties: -

1. The tensile properties of the 195-T6, 356-T6, and 220-Tk
individually cast test bars representing the bearing-test slabs were
reasonably close to published typical values. These materilals were
considered sultable, therefore, for an investigation of bearing-
gtrength characteristics and a determination of gensral relstionships
between bearing and tensile properties.

2. The 195-Thk castings (heat-treated, but not artificially aged)
aged naturally in a period of approximately 3 months to tensile strengths
comparable with those obtained for 195-T6. The instability of the
T4 temper raises a gquestion as to the significance of minimum specified
strength values for this temper for structural design.

3. Comparisons betwsen tensile properties obtained from individually
cast test bars and specimens machined from the bearing-test-slabs
emphaslize the well-known fact that size and form of casting may have a
gignificent effect upon mechanical properties.
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L. The bearing-strength characteristics of these aluminum castings
with respect to edge distance and ratios of specimen width to pin .
diasmeter were not significantly different from those which have been
observed for the common wrought-aluminum alloys. The ratios of bearing
yield to tensile yield strengths for the castings were about 20 percent
higher than those for the wrought materials; the ratlos of bearing ultimate
to tensile ultimate strengths were about the sams.

5. The following ratios of bearing to temnslile strengths are )
proposed as & baslis for the selectlion of allowable bearing values for
the design of aluminum-alloy sand castings.

Edge distances

Ratlo
2 X pin diam.
1.5 x pin diam. orpgreat:;‘
Bearing yield
Tensile yleld 1.7 2.0
Bearing ultimate '
Tensile Gltimate 1.6 2.1

Aluminum Research Laboratorles
Aluminum Company of America :
New Kensington, Pa., November 6, 1946
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SIMMEY OF NECINTOAL PROPERTIRS OF BOME

ATININGM-ALLOY EAND CASTINGS

Tezaile properties of §-in.-ianoter test tarel Propertles of 3/8- by 2}- Iy 12-in. cast elabe”
Alloy onsil i, Tonrils Compreagive Betios
and Samgile nl'b:l.n;a m::iu: Dongtdon | Date | g Kltimets yield Eoogetion Tield u:::h Shear tult:mgth
Sepor Qffset = 0.2 poroent)| 0 2 in. af tesbed | in 2 in. strongth ‘ ‘
(,,J f (pat) (peroerk) | test (_.,d_f Horreot = oiM) (paroent; KotTeet 2- o:)e percamt) '(“;:fﬁl Tannils wirength
y._

19954 C1576-4 36,400 25,000 5.8 [au-hs tory| 31,k00 28,100 2.0 33,000 32,800 1.03

3] 35,200 18,800 91 L-eé-hstm —_- —— —— : —

Speoifisd| mindmm”| £3,000 —— 6.0 22,000 m—— 1.5 — ——

Typloal 32,000 16,000 8.5 N M [ —— —

193-16 C1678-8 | 39,900 25,800 5.2 FRa-ks[Tabome 32,600 28,800 2.0 31,000 34,h00 1.

38300 2100 76 Posasireman | 2 : 20 #,00 0 >0

Spooifisd| mindwem | 32,000 ——— 3.0 2k ,000- e ¥ ————— ————— ———

Typiokl 3,000 £%,000 5.0 — - I o

356-76 Algy) 35,400 £7,200 26  bge-b)|tavorstary| 29,800 26,600 2.0 £6,000 25,900 67

33,500 27,200 3.8 -———-H.l'mnhv ] e — =] — ————

Speairied,| winimm | 30,000 w—r—— 3.0 22,000 —— .8 —— ———- cmm

Trploal 33,000 2,000 ko - ——— | - —_

otk sl | 9,700 ,000 176 6905 [1aboretory| 35,h00 27,600 5.0 29,800 33,000 9

a,'m ,100 19.7 Yomdry f-me-m- | -t — = ki =

Bpocified | mimtwm | h2,000 | . e 120  ferrmme-f e} 32 000 ————— 3.0 ———— ——— -—

Yrpoal 8,000 | 23,000 k.0 - I N ——

Indtviane)ly oast specimens testad vithowt wackining off sofece. Sos figme 1
Tentative Specifiontiene for Alusimm-Baso Alloy Saod Castings (BeG-lbr), 19#‘
Baok ef A3.2.M. Standarda, Mert I.

Yaloss far both laborabory and foundry tews aro averape of six testa.

R pocimens mohined, from caxiral portion of cast alsbs, See Aray-Bavy-dercoeatics
Bpecdfication AN-A-R3.
Tenxile specimme, wiendsrd 1-in.-wids sheet type, § in. thick (2 teste).
Compresmioa spsoimens, wtandard abeet tgpe, 1/h @ 5/8 X 2.63 in. (2 tests).
Sheer speclmena, S-in. diam. X 3 io. (& tewia).

Wmmwf«%—u.ﬂ-.mm pakes, from Aloos Alwecinem mnd
Its Alloys; tedle 13. Minimm valuss of tensile strength el elonstien for
mmmhmtfnuwuﬂmrwnh,d
propertiss specified, fens E-h.-ﬂn. teat tars. Bee Bpecifioation £X=-A-08,
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http://www.abbottaerospace.com/technical-library

NACA TN No. 1523 T

TABLE IT

BEARING STRENGTHES (F SOME ATUMINTM-ATIOY SAND CASTINGS

Bearing strengths for edge distances of -

(ps1)
A;.i.g_y Test 1.5 X pin di=smeter 2 X pin diamster 4 X pin diameter
remeer yie1a | 722 oF Yield | Type of Yield | Type of
Tltimate ) fa.:é.]a.':):re Ultimate ) T, | Titimate ) e
Bearing tests of %—m.-d.iameter steel pin in %‘-in.-tbd.ck by zi—j_n_.-wid.e castings
195-Tk{ 1 | 51,800 | 48,800 b1 69,100 | 56,k00 i<} 91,100 | 59,200 T
2 @,% te,ooo b3 298,800 59,600 ™ 96,000 | 60,800 T
3 51, 9,200 i3 000 ,000 pi< 95,900 | 59,200 T
Av. | 51,000 1#,700 69,000 | 57,300 9%,300 | 59,700
195-m6| 1 | 53,400 | 51,000 b 74,300 | 61,900 s 99,600 | 61,900 T
2 52,000 | 50,800 ™ 72,000 | 61,000 TS 98,600 | 62,500 T
3 51,100 | 51,600 i< 70,800 | 60,900 i 97,600 | 65,000 T
Av. | 52,200 | 51,100 72,300 | 61,300 58130—0 3,100
356-T6| 1 47,500 | 45,500 TS 62,000 |.55,400 TS 71,000 | 56,300 T
Sl |k RS 2| = | 2| R
3 7,500 500 pis] 3,700 | 5 S T , T
av. | 7,800 , 500 3,100 m 78,200 | 57,600
220-Th| 1 68,700 | 50,400 T 84,600 | 56,500 T 106,000 | 57,000
2 T3, 51,000 T 87,600 | 58,000 T 100,600 | 61,000 T
3 68,100 | k9,500 T 82,100 | 55,000 T 100,600 58’,'000
351'115 50,300 'BE:'SSE 58,500 102,500 | 58,700

Bearing tests on %—:Ln.-d_tame'ber steel pin in %—in.-thick by 2%—:.n.-wme castings

195-Th 1 57,100 | 49,300 b memmen | emmee- -- 137,100 | 63,900 i 23
2 59,000 | 48,000 S 80,500 | 61,000 S 134,600 | 61,000 i<
3 | 61,500 | k9,000 <] 78,200 | 59,500 ™ | 125,200 | 64,000 ™
b | 64,200 | 53,000 T | meme—m | em—mee I B T -
Av. | 0,500 E,LBE 79,300 | 60,200 132,300 | 63,000

195-16| 1 59,800 | 50,000 ™ 82,h00 | 60,000 ™ 129,400 | 50,000 s
2 59,500 | 50,900 s} & 400 | 61,000 TS 131,000 | 63,500 i <
3 | 57,700 | 53,300 8 81,600 | 63,000 m | 134,600 | 67,500 i<
Av. | 59,000 | 51,%00 8,100 | 61,300 131,700 | 63,700

356-T6 1 52,300 | 52,000 pi<} 62,600 | 56,500 b 102,600 | 58,500 pi =}
2 48 koo | 48,000 T8 gg,'roo 53,500 s 109,300 | 6k, T
3 | ==m--- | mmm——- — 300 500 S el Bttt -
Av. | 50,300 | 50,300 . 82,500 EE,LW 106,000 | 61,300

200-Th 1 &,200 | 50,900 8 99,500 | 57,900 ™ 141,300 | 59,000 T
2 85,400 | 49,000 i} 10k, 700 | 57,000 ™ 155,600 | 60,000 T
3 83,100 | 48,500 s 9k,300 | 48,500 ™ | 150,300 | 59,900 T
Av. m %9,500 99,500 | 5%,500 149,000 | 59,600

3tress corresponding to offset of 2 percent of pin dimmeter from Initial siraight-line portion
of hole-elongation curves.
es of bearing fallure: T, +tension on section through hole; S, shear above pin;
TS, combination of tension and shear. -
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TABLE ITL

RATTOS OF AVERAGE BEARING TO TENSILE STRENGTHS FOR S(ME ALUMINUM-ATIOY SAND CASTING2

I:Ra.tios based. on tensile properties obtained from bearing-test slabs. BS, bearing
ultimate strength; BYS, bearing yield strength; TS, tensile ultimate strength;

TYS, tonslle yleld strength.]

Ratioa for edge dlstances of -

Alloy 1.5 X pin dlemeter 2.0 X pin dlameter 4.0 X pin dismeter
and B B8 B BYS B BYS
temper S TYS s TYs TS TYs
Bearing tests on %—m.-diameter steel pin in f-in.-thick by 2f-in.-wide cestings
195-Tk 1.62 1.73 2.20 2.0L 3.00 2.12
195-16 1.60 1.77 2.21 2.13 3.02 2,19
356-T6 1.60 1.75 2,12 2.06 2.62 2.17
220-T4 1.96 1.8 2.39 2.05 2.8 2.13
Bearing tests on %;'-in.-di&neter gteel pin in %-in.-thick by 2%-111-%5.3 castings
195-Th 1.92 1.77 2.52 2.14 h.o1 2.24
195-T6 1.81 1.77 2.5 2.13 4.03 2.21
356-16 1.69 1.89 2.11 2.06 3.56 2.30
22014 2.36 1.79 2.8 1.97 h.21 2.16

€2CT *ON NI VDVN
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Figure 1.- Arrangement for bearing tests.
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Flpure 2,- Bearing stress-hola elongation curves for 166-T4 aluodmum-alloy castings, Specimen thickness,
1/4 inch; specimen width, 8-1/4 inches; pin diameter DI, 1/4 inch; adge distance, 1.6D for apscimens 1, 2,
and 8; edge distance, 2D for apecimens ¢, b, and 8; sdge distance, 4D for spacimens 7, 8, and 9; bearing
yield eorresponds to offset of 0,02D.
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Bearing streas, psi
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p— Figure 3.~ Bearing stress-hole uwmﬁgd;vasdﬁtﬁg slumimm-altoy castinga. Bpectmen thickness,

-alloy
1/8 inch; spaciman width, 2-1/4 inches: pin dameter D, 1/4 inch; edge distence, 1.6D for specimeans 10,
11, 12, and 15; adge distance, 2D for speclmens 13 and 14; edge diatance, 4D for specimans 18, 17, and 18;
bearing yleld corresponds to offsat of 0.08D,
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Figure 4.~ Bearing stress-hole elongation curves for 185-T8 aluminum-alicy castings. Specimen thickness
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Mgure 5.~ Bearing stress-hole elongation curves for 195-T6 eluminum-alloy castings. Specimen thickness
1A mmmmmwigg:} 2-1/4 Inchos; pin diamater D, 1/4 inch; edge dlstance, 1.5D for specimena 1, 2,
H . or speeimens 4, 5, and 8; distance, 4D for spacimens 7, 8, and 9;
¥leld corresponds io offaet of 0,02D, e e " beariog
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Flgurs 6.- Bearing stresa-hola elongation curves for 858-T8 alumimim-alloy casiings. Specimen thickness,
1/4 Inch; specimen width, 2-1 /4 Inches; pin dinmetar D, 1/2 Inch; edge diatancs, 1.6D for apecimens 1, 8,
mda;ec’ged!ata.ma, &D for specimens 4, 5, and 8; adpe distanca, 4D for specimens 7, 8, end 9; bearing
Yleld corresponds to offsst of 0.02N,
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Figure 8.~ Bearing streas-hole elongation curvee for 220-T4 aluminum-alloy caestings, Specimen thickness,
1/4 inch; spacimen width, 2-1/4 inchas; pin diamater D, 1/2 inch; edge distance, 1.5D for specimens 10,
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Flgure §,- Bearing stress-hola slongation curves for 220-T4 alumimum-alloy castings. Specimen thickmess,
1/8 inch; specimen width, 2-1/4 inches; pin dinmeter D, 1/4 inch; edge distance, 1.5D for spscimans 1, 2,
and 3; edge distance, 2D for #pecimens 4, 5, and 8: edge distance, 4D for specimans 7, 8, and 9; bearing
yleld corresponds to offset of 0.02D,
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Bearing fajlures in aluminum-alloy sand castings.
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