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SUMMARY

Bearing tests were made to determine bearing ultimate and yileld
strengths of aluminum-alloy permanent-mold castings of B195-Tk - B195-T6,
- and 356-T6 and to compare the ratios of bearing to tensile properties
obtained with similar data from sand-castings of like material. It was
found that the bearing strengths of the permanent-mold aluminum-alloy
- castings were not significantly different from those which have been
observed for sand-castings and that the ratios of bearing strengths to
tensile strengths of the permanent-mold castings were slightly less than
those previously observed for sand- castings.

As a basis for selection of allowable bearing values for the design
of B195-Tk, B195-T6, and 356-T6 aluminum-alloy permanent-mold castings,
the following ratios are proposed: (1) Ratio of bearing ultimate strength
to tensile ultimate strength, 1.4 for edge distances of 1.5 times pin
diameter and 1.8 for edge distances of 2 times pin diameter and (2) ratio
of bearing yield strength to tensile yield strength, 1. 6 for edge distances

of 1.5 times pin diameter and 1.8 for edge distances of 2 times pin

diameter,

INTRODUCTION

Interest has been indicated by aircraft manufacturers in having
bearing properties of permanent-mold aluminum casting alloys so it was
decided to extend a series of investigations of bearing properties of
various aluminum alloys to include some of the permanent-mold alloys.

The object of this investigation was to determine bearing ultimate
and yleld strengths for permanent-mold aluminum casting alloys B195-Th,
B195-T6, and 356-T6, and to compare the ratios of bearing to tensile"
properties obtained with similar data from sand-castings of like material
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This work was done by the Aluminum Company of America and has been
made available to the NACA for publication because of its general interest.

MATERIAL

The material tested was furnished by the Alcoa Cleveland Research
Laboratories in accordance with specifications AN-A-36 and AN-A-34k and
included alloys B195-Tk, B195-T6, -and 356-T6. The bearing test slabs

' were permanenf-mold castings l/h inch thick by 2% inches wide by 12 inches

long, with an average thickness variation of $0.007 inch in each piece.
Individually cast standard 1/2-inch-diasmeter permanent-mold tensile test
bars were provided with each batch of bearing specimens. Radiographic
examination of the test specimens showed them to be substantially sound
and of good commercial quality.

PROCEDURE

Figure 1 shows the arrangement for making the bearing tests, which
were made in triplicate. The l/h;inch-thick specimens were loaded in
bearing on a l/2—inch—diameter steel pin. Edge distances, measured in
the direction of stressing from the center of the pin hole to the edge
of the specimen, were 1.5 and 2.0 times the diameter of the pin.

Hole deformations, from which values of bearing yield strength were
determined, were obtained by measuring the relative movement of the pin
and the specimen by means of a filar micrometer 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
a shoulder on which the reference mark for pin movement was located; a
fine scribed line on the specimen under the pin provided the reference
for specimen movement.

RESULTS AND DISCUSSION -

Table I gives the results of the tensile tests. The tensile strengths
obtained from the 1/2-inch-diameter test bars ranged from 27 to 46 percent
higher than the minimum specified values for the castings and from 5 to
30 percent higher than those considered as typlcal. The greatest differences
were observed for the B195-T4 specimens which were susceptible to natural
aging at room temperature. This natural aging was to be expected because
8 months had elapsed from the time of receipt of the material at these
laboratories to the time of testing.
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The tensile strengths obtained from the specimens machined from .the
B195-Th4 and B195-T6 cast slabs were 8 percent less than the values obtained
from the corresponding 1/2-inch-dismeter test bars while the tensile-
strength values obtained from the 356-T6 cast slab specimens were 1 percent
higher than the values obtained from the corresponding 1/2 inch-diameter
test bars. All values were above the minimum allowable for test specimens
of this type. The tensile yield strengths obtained from the B195-Tk
and B195-T6 cast slabs were slightly lower than those obtained for the
corresponding 1/2-inch-diameter test bars. The tensile yield strengths
of the 356-T6 cast slabs were observed to be 3 percent higher than those
obtained from the corresponding l/2—inch-d1ameter test bars. Elongation
values obtained from the cast slabs were in all cases less than those
obtained from the 1/2-inch-diemeter test bars, although all the former
were above the minimum that would be allowed in tests of specimens
machined from castings. ’

The compressive yield strengths obtained from the specimens machined
from the cast slabs were slightly but consistently higher than the
corresponding values of tensile yield strength, the maximum difference
of 3.3 percent being noted for the 356-T6. The ultimate shear strengths,
which are generally considered to range from about 70 to 80 percent of
the tensile strengths, were all above the TO-percent value.

Table II and figures 2 and 3 show the results of the bearing
tests, Values of bearing yield strengths were selected from the curves
of bearing stress against hole elongation as the stresses corresponding
to an offset of 2 percent of the pin diameter from the initial straight-
line portion of the curves. Ratios of the average bearing to tensile
properties, the latter obtained from bearing test slabs, are given in
teble III.

The effect of edge distance upon bearing strengths and the behavior
of the castings in bearing was not significantly different from that
observed previously for a number of aluminum-alloy sand-castings
(reference 1). Although the ratios of bearing strengths to temsile
strengths for any .one edge distance were approximately the same for all
alloys and tempers, the magnitude of these ratios was a little lower ‘
than obtained for sand-castings (reference 1).

SUMMARY OF RESULTS

The results of bearing tests of aluminum-alloy permanent-mold
castings of B195-T4, B195-T6, and 356-T6 are believed to warrant the
following statements regarding bearing strengths and their relation to
tensile properties:
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1. The tensile etrength and yield strength of both the individually
cast test bars and the bearing test specimens of the B195-T6 and 356-T6
permanent-mold aluminum alloy were higher than the published typical

values,

2. The B195-Th permanent-mold castings (heat-treated but not
artificially aged) aged naturally in a period of 8 months to ténsile
strengths comparable with those obtained for B195-T6.

3. The bearing strengﬁhs of these permanent-mold aluminum-alloy
castings were not significantly different from those which have been
observed for sand-castings.

. The ratios of bearing strengths to tensile strengths of the
permanent-mold castings were slightly less than those previously observed.
for sand castings.

5. The following ratios of bearing to tensile stiengths are proposed
as a basis for the selection of allowable bearing values for the design
of B195-Tk, B195-T6, and 356-T6 aluminum-alloy permanent-mold castings:

Ratios for edge distances of -
Ratio ;ii-gizm' pinediam. |
Tonsiloultmete | ¥ | 18
e S I Le

" Aluminum Research Laboratories
Aluminum Company of America
New Kensington, Pa., May 31, 1950



NACA TN 2312 ' 5
REFERENCES
1. Moore, R. L.: Bearing Strengths—of Some Aluminum-Alloy Sand Castings.

NACA TN 1523, 1948,

2. Anon.: Alcoa Aluminum and Its Alloys. Aluminum Co. of Am., 1947.



NACA TN 2312

) . , C-v-NY muoﬂ«mu«hﬂummm
93g °*8IBq 3893 ‘WBP-°UT- N\H I03 patJroede sarjaadoad jyo .hﬁoﬁnvuwmmw& ‘queoxad #z pue GJ weU3} 883 9q 03 30U sBfurye80 JI0F UWOFyBIUOTS
pue q3PuUSI}e S[FSUS] JO HONTBA UNWIUTH °g S0USISJAI JO QT 9TqE3 WOIJ USYE] 5.28q 369} ‘WRTP-’UI-g/T J0J S3NTBA WNWIUTE .cm.n.ﬂ“uwnmm
' *1USIYBI3-389Y I93J8 SURUOW Q PIIBIT,

(*s3893 auTu JO oBeIaAB

axs sonTsp) °q3fusy--ur-g £q ‘WETP- UT-9T/E ‘suswyoads xeayg (°H3893 93IYY JO wwdumb.m are ssnywp) ‘Ul €9° N £q g/¢ £q #/1 ‘3dfy-3334u8

prepuels ‘suswroads uoyssaxdwoy (83893 I3IU} JO dBEISA® OIW ganTw)  YOTUR-UI-4/1 ‘adfy qe3qs ‘epIA-*uUl-g/T DIBPUB}E ¢ guomyoads STTEUS
.o.gaﬂm.w 04 pa3ea3 usaq pey 38|} suswposds Buramaq 3890 ﬂoﬁ:vnmaﬁumm *up~-2T Lq - #w Aq |:\._” JOo uotjxod TeI3Usd WOXI PIUTHOBW mawaﬂummmp

*gqe5] OM} JO 98BISAB 918 83INTBA °*S0BLINS JJO SUUTYISM JNOYFTMA PIYBEd3 maoaﬂuwmm prou-jusamsmead 3880 hﬁ.mdduﬁ>avnH

'

=== Sl B == mmmee- m———-c 4 o¢ 000°Le 000° 04 T8oTdAL
FEUEE ————— . ——— « N T, ¢ UNWruTe
. . g ooo‘ge | Lz 0°'€ 000‘ €€ poTITo0ds
- 0gg°62 00L¢ZE 89 099°1¢ 0o2‘a - 28 00662 006°TH 9I~9GE
-=-- mmm--- smm=-- --- m=m—-- -m=m-- .92 0°¢ 00092 000° 04 TeoTdiy
———— U SR . ————— ¢ . —————— ‘ WNWEUEm
4 00092 1€ o°e 000°GE | porrroads
gL® 082‘9€ otzzE 9°'¢ oot‘zE 009fgh -- 0% 00LEE 005 €05 9I-G61d
-—-- mmmmee | === - --- m———-- ----- ot 0'6 000°6T 000°LE TeoTdAy
[ I ———— . R P; POV ¢ punITuTa
_ T ) 000‘¢e 9% ot 000°EE Potsroadg
gL'o ozHEE otL‘ge g9 oot‘ge OfG “Irt - o°L 009°g2 ooz‘gh NI-G6TH,
] (vsd) (v8d) - weyy Cnmn.v
q3Buaais (v8d) Apnmuuwa 2°0 | (jusoxad) Avnoonvm 20 (ved) I978318 (auvoxad) (3uedaad 20 (¥8d)
9TToUdL qBusays . uwmm.wov ‘ur 2 uf pwm.«.«ov q3Busays (3u9ozed) ‘up g uy .pomuwov q3fuaggs
q33ua13s Iesyqs u3Busass uot3eduoTH y38usag s S3BUWEITN q}8usxg 8 uotjeduoTy mBusaye 238WE3 TN zadmay
Tesqy 938WILTA PTaTL PIST aTTeuay, S18WIATA e STTSUS], pus
aatesaxdwop Koty
pmpﬁ..m 3885 *UT-gt hp-Wm £q l;\H Jo satqaadoxd gBTed 1893 kopwsmﬁulqﬁum\a J0 matqaadoad ayisusy

SONIISVD TIOW-INANVANAd XOTIV-WANIWQIV

HWOS 40 SHTINIJOHd TVOINVHOIN J0 XHVWWAS

I JIEVL



NACA TN 2312

. : . *I83Ys @c.m_ UOTSU93 JO UOF4BUTqWOD ¢ ST
furd aaoqe Jeays ‘g f{aToy yInoayy UOT4098 U0 UOTSUa] ¢ :aanyiseg Surxreaq Jo mm&“am
, *uoT383UOTS STOY 38UTBSR 885198 duraesq JOo ssAImO JO
uotgrod SUTT-3UBTBIIS TBIFTUT WOIF x33ouetp uld Jo qusoxad g Jo 388130 09 Burpuodsariod 883135y

000°¢LS 00T ‘6L . 008 6% . 00T“€9 *AY .
s8I 000° L& 000°08 A 000 05 00L‘€9 €
SL 000°LS 00S ‘gL Sh ' 00G“6n 008°‘€9 2
ST 000°LG 0og“gL B SL 00005 00819 T 9I~96€
00L‘T9 009‘€g 0oL €g 00£°¢9 Ay
SL 000‘€9 008°€Q Sh . .000°4G 00%‘L9 €
L 000‘29 005‘Eg h 000° %G oo%“99 g :
SL 00009 00G“€8 8L, 000“ €6 00229 T 9I-G61d
00£¢95 00T 28 . 000°gH oox“e9 Ay
h _ 000°¢ LS 00008 SL 006 ‘LY 00£°29 €
S 00¢9G. 00048 SL 000‘gH 000°€9 g
h _005¢gs oot‘eg . SI oor‘gn | oo0‘E 1 HI-G6TE
wﬂmWww | (1) o (2) (1) .
BUTYIN | samyyBy - 33vwWI3Tn |
Jo adfy, PISTX Jo adXiy, v PIoX . xaduay
383, pus:
JoqomeTp uld X 2 Tajaustp urd X G°1 . LotTTy
- JO 820UB3SIp 98pe J0z(18d) syjdusxys Juraesg

mwnﬂ ‘U 2T 4q P Uy MN £q JOTY} °ut :\H, ‘o218 uwswrpoads futd 79936 *WRTP-*UL-g/T UO SDpBW 83893 H.dm_,

SONTISVO QIOW-INANVANEd XOTIV-WONIWOIY 3WOS JO SHLONILLS ONTHVEL

1T FIAVL



TABLE III

" - NACA TN 2312

RATIOS OF AVERAGE BEARING TO TENSIIE STRENGTHS

OF ALUMINUM-ALLOY PERMANENT-MOLD CASTINGS

/

[All tests made on ;/Q-in.-diam. steel pin. Ratios based
on tensile propert;es obtained from bearing test glabé:]

Ratios for edge distances of -

Alloy
and 1.5 X pin diameter 2.0 X pin diameter
temper
BS/TS BYS/TYS BS/TS BYS/TYS
(1) (2) (3) (4)
B195-Th 1.40 1.71 1.8k 2.0
B195-T6 1.40 1.67 1.80 " 1.92
356-T6 1.50 1.57 1.88 1.80

lBS, bearing ultimate strength.

°BYS, bearing yield strength..
3TS, tensile -ultimate strength.

l"'I‘YSV‘, tensile yield strength.
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Figure 1.- Arrangement for bearing tests.
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/

Figure 2.- Samples of bearing-test failures in aluminum-alloy
permanent-mold castings.
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