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SUMMARY

The problem of this investigation was to determine the effects
of surface roughness and surface stressing on the reversed beﬁding"
~ fatigue propertiss of 25 §-T, 75 S=T and 76 S~T aluminum elloys.

Tests were conducted in & stress range from 37,700 psi, to that
stress giving a fatigue life of SO0,000,000 cycles

Surface roughness was varied from five microinches to 400 microe
inches, Two different machining tools were used to obtein the various
degrees of surface roughnessz 1/8" radius tool, and s sharp pointed
tool,

Surface stressing was obteined by shot psening with 03028 diemeter
shot at ,010/,012 A-2 intensity, and cold rolling et 100 lbs, and 200 lbs,
pressure,

It was determined that fatigue life decreased és surface roughness
increased in a similar manner for specimens machined with both types
of tool; but that endurence limit was not affected by the sharp tool,
whereas it was decrsased by the 1/8" radius tool. |
- Shot peening increassed fatigue life of 25 $-T by about 500%; it
had but slight effect on 76 S=T,

Cold rolling increesed fatigue life of 25 S=T and 76 S=T hy sbout 2500%

75 S=T was neither shot peened nor cold rolled. |

This work wes cerried out by the aubthor at the Guggenheim Asro=
neutical Laboretory, California Institute of Technology under the

supervision of Ur, E, E, Sechler,
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I. INTRODUCTICN

On the preceding peges, Fig. 1= one can readily see the
importence znd denger of fstigue failures. The installation
shown is part of the Cooperative Wind Tunnel; Passdene, California.
These figures show the demege after fatigue fallure of one of the
propeller blades during operaticn., Ths resulbing demags amounted
50 éheut $270,000 in meterisl, not ineluding velusble reseerch time
snd money lost while repairs were mads,

This is only one example of meny such fsilures which ocour
throughout industry; in the aircraft industry, sspecially, fatigue
is of primary concern where the lighiest possible parts must be
made to atbain the necessary requirements of low cost end high per-
formanecs,

1t is interssting to notes here a stabtement of A, G. Pugsley in
Ref, 1 to the effect thab while the Metellurgical Science is giving
us stronger and strongsr alloys, there is little or no change in
fatigue strength of these alloys. Thersfers, 1t behouves the designsr
to pay cmreful sttention indsed to the problem of vibration in his
structure and the fatigue strength of ths material with which hs is
working.

One very importaent considerstion in fatigue studies is surface
finish, and much resesrch has been ccnducted on the effscls of surface
‘ngtch@s on fetigue strength. 1t was discovered that the propellsr,
Fig, 1., which was fabricsted from 25 S=T aluminum alloy, failedkat a
fﬁlié& ha&img e surface roughness of ¥ 100 wieroinches.

The necessiby for more fabigus dets on alrcraft meberiasls eb once

b@came spparent, especially with regard to the effecks of various
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pechining tools and finishing techniques,

This report is thus sn abtbempt to furnish alreraft designers
with sddibionel fatigus strength data oﬁ 25 §=7, 75 5=T, and 78 BT
aluminum alloys, with particulsr emphasiz on the affscts of a}(varisuﬁ
maﬁhimé‘surfaéé finishes, b} shot pesning, and e) cold rollimgg'

The invéﬁtigatian was conducted by the suthor in the Guggenhelm
Aeronsubicel Laboretory, Californis Institubte of Technology, Pasedena
Califgrnia undsr the supervision of Dr. B, B, Sechler during the

period October 1948 to Mayvlgégg



13, POQUIFPMENT AND FROCEDURE

fabricated in the GALCIT meschine shop
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&
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gceording to the stenderd R.R. MOCEE Specification

The verious surfoce finishes wers machined as followss

FEED = INCHES/REVOLUTICH

1/8% Radius Tool Sherp Tool
25 8=T 75 S=T 76 S=T 25 = 75 ST 76 S=7
5 4 0,0018 0,0015 0.0015 Fipest
50 4 0.0160 0,0145 0.0026 0.,0038
100 4 040240 0,0210 0,0030 0.0046
200 40,0420 0,0052
400 40,0740 | 0.0076

Polishing with 600 Durite abresive and 1evigatéd aluminga
follewed the machining of 5/ specimense
’)7” refers to¢ surface roughness in micfuimchese The surface
roughness of the specimens was checked in o Physicists Research Co,
 Profilometer, Type &, Model L, Serisl No, 14l,
The shot peening was done by Dougles Sirersft Cos, with 07028

dismeter shot st 0.010/0,012 & 2 inbtensity.

In order to study bthe sffects of>surf&cﬁ rolling, = rolling
evice wus designed by the suthor; it wes build by the GALCIT mechlne
op and sdepted to & Fratbt end Whitney 13" Lathe, Model B, Serisl
1115 RB, BSes Figs. 6 snd 7, Rolligg pressures used wers 100
O‘lﬁgu at 0%0012/revolution feed, A constent pressure was
ﬁﬁiﬁ§§imed by the operstor by meintesining s constent spring defleg=

n o5 the rollers progressed alopg the test specimen, “Saumple



Coleulations™, gectian?iﬁ show compubaticns involved in consgbruction
and use of this apparaius.
The spescimsns bhus breabted wsre 2B 8-T apd 76 &-T, mechined
and polished to B4 o HNinimum dimmeters of these specimens were
checksd after rolling, snd the finsl diemeter was used in stress
computationse
25 8= specimens were made from remmsnte of ths forging from
which the propeller blede (Fig. 1)} had been mede, This forging came
from the Chevrolet Transmission Co. snd hed the following propertiss:
Yield Strength 40000 psi
Uik, Strength 80000 psi
Blongation (8%)  18,756%
Pieces cub slong the long dimsnsion of the forging wers termed
: ”wi£h grain”, those cut along the short dimensicn were termed "cross

rain”,

75 B-T specimens came from Alcoe 75 8=T6 rod, 5/8" x 12 £t, end

thus were all "with grain™,
76 8=1 specimens wers cbbteined from Pratt and Whitney test pisces,
slgo "with grain®,.

The stenderd properties from &.M.8. specificetions (Ref. 3) of

2B B=T, 75 $=T and 76 B=T are listed belows

25 §=T 75 =T 76 S=T
Yield Strength 30000 psi 72000 psi 80000 psi
Ult, Strength 55000 psi 80000 psi 70000 psi

_ Blongetion (2) 16% % 14%




Speclimens were ?lac@d iz sn opbticsl gesr toobh compmrator snd
messurements were mede of the mejor surfece irregulsritiss. Figs.
8 and 8 show the profiles at 100 diamesbers, Horizontel messurements
are crest to crest; verticel messurements sre crest o velley. gversge

values of these meossuremesnts follew:

1/8" Redius Tool Sherp Tool
Vertical Horizontsl Verticel Horizonbal
5 U 0 o 0 0
50 M 0,0008  0,01480 0,000%8  0,0037
100 4 0,00085  0,02410 0,0007 000280
200 4 0.,0095  0,03285 0,0008  0,0054
400 4 0.00480  (,05000 0,00140  0,00620

From these photographs it wes estimeted that the “sharp® tcol
uged hed o diemeter st the tip of about 0,003 inches,

Tosts were made in a set of fowr BALIWIN « SOUTHWARK R.R. MOORE
:fﬁSIGUE TESTING MACHINES, Serial Nos, 266, 268, 270, end 271, running
ot & nominel speed of 10000 rpm. Fig. 10. The loeds veried from
50 1lbs, downward until s load giving fabigue life of 500,000,000
eycles wes reached, 411 spscimens were run to destruchion with minor
exceptionz in the renge ebove 100,000,000 cycles when it was felb

that more informebion could be obbained by stopping and using the

:&thna‘invelved for other specimens,

From theydat& thu& obtainsd standerd? -8 curves wers plotbed,
The possible sources of inmceurscies or devisticns from consbent
%$ are gz followss

?{a} Vibration of roteting parts,
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w0} Dhan

Hesting of specimen duwe to vitration and friction.

Tnevoidable impescts on specimen during loeding: losding
wes by hende

Lag betwesn loading and cyels counter sebbing,
Varistion in machining.

Non=homogeneity of metal,



11X, RESULTS AND DISCUSSION

Of ubmost importsnce in the analysis ovr uss of Datigus data,
guch 85 O =X curves, is ths fact that for one metel no definite
= curve cen be obbained; insbssd, en ares, cr upper snd lower
bound, conteining the fatigue properties is obtained, The possible
srrors outlined in the Introducstion give sdeguate ressons for this
situetion, It is, therefore, & problem for the designer to take into
aceount this possible veristion in fatigue life of 2 metal at & given
load,
The resulbs of these tests have been plotted in Figs. 11 through
22 from test dete cbbeined., Oun ths flgures where sctusl btests polnts
ara plobted, a dsshed curve has bean drswn bo indicsbe thse aversge
J =N line, The sctusl spreed in the debwe can be ssen from thess
figures. On figures vwhere & group of solid curves appsars, the
golid curves ars replots of the deshed curves of average values, A4ll
;t@st dets hes been plobtsd,
Figures 11, 12, 13, 14,92nd 21 show all tests of 25 8-T; Fig, 15
_ shows 75 $-T; Fige 16, 17, and 22 show 76 8-T, The remaining curves

Pigs,1 . 19, and 20 ere compariscns of the three metals tested,
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PN

In general 25 5«7 exhibited falrly wniform fatigus properiies.
Most specimens broks nesr the center of the test length with & break
perpsndicular to the axial center line, A typical fracture is shown
in Fig, 23.

The endursnce limit for 25 5=T7 appears to be about 18,000 psi, .
bazed on & life of 500,000,000 cyeles, +his agrees with specifications,

From Fig, 114 it cen be seen thebt increasing roughness from 54 to
400 4/ on spescimens machined with the 1/8" Redius tool and oub "with
grain® decressed the endurance limit from aboub 18,000 psi, to somew
thing under 10,000 psi, This result was to bs expected,

However, when 25 ST “with grein” wes machined with a sherp %tool
an snbirely differsnt result was obbsined es shown by Fig. 124, In
this case, increasing roughness decreased fatigue life in %h@ high
stress range but hed very little effect on endurance limit; a value of
sbout 18,000 psi, held for all surface roughness,

4 similer result wes obitained from 28 5=T “eross grain” tests
illustreted in Figs. 13 and 144, The 1/8" R, Tool again produced =
‘d@areaS@ in endurance limit whils the sherp tool had little sffest,

A& very interesting result was obbained from the tests on 25 S=I,
"oross grain® sherp tool, Sse Fig, 144, No attempt was made to draw

curves since all date fell in one band, JHpparently the effect of the

uin dirsction countsrhalanced the affset of surlaces finish,

Pigs 148 gives 8 comparison of 25 S=T, § /4, in the four conditions



Tests of 78 5-T were mede with specimens mechined with & sharp
toel onlyve. This metal geve wery uwniform resulbs with little scaiter
in the dats, see Figs, 15, f4s in the case of 25 3«7 similerly mechined,
21l curves converged op en endurancs Llimit of about 18,000 psi.

Prachbures wers nob as reguler ss those of 25 8=T, Hes Fig. 23. In

the upper stress range 75 5-T had sboub three times the fatigue life

¢

of 25 8=T, snd about opme zpd one=halfi times that of 76 8-T, For

76 ST

Whereas 25 8«7 and 78 5«7 broke with felrly clean fracturésg
78 §=T had & comparatively spechteculsr rupbure, The bresks wers very
irreguler, lerge pisces were thrown off the specimen, snd thers was an
’aceampanying loud noise when rupbture oceuwrred, PFlge 23 shows s typical
frachbure,

The resulbts of tests on 78 37 machined with 1/%“ Redius Tool
showed fairly consistent values, 3se Fig. 16. It is felt that the
50 M curve will converge st higher velues of "N%, Time prevented
further investigation.

The endurance linit for 76 S=T machined with 1/8" Radius Tool
appesrs to be between 19,000 psi. and 20,000 psi., or roughly 1O%
higher than 25 8«7 and 75 §=T,

Ls cen be seen in Figs, 17, machining 76 &=T with a sharp tool
vﬁreduced‘raﬁher‘irrégular results, However, thers wes noted a sherp

riss in the endurence limit to o wvalue of about 24,000 psi, This



o }

represante sn increass of 33 1/% percent over 25 5=T and 75 5«7,
Fige 20 shows this grephieally,

e

Tespibe its irregulerities 76 8«7, sharp tool, gave higher

3

5
§

fetigue strength bthan 76 5=T, 1/8" Radius Tool, throughout the entire

rangs, Hes Flg. 17Ee
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SHOT-PRENING

1% has long been known that compression of the oubter fibers of

ts fatigus strength in reversed

Fode

o structural mewbsr would lncrsase
bending., Shob-psening ssemz to be eboub the simplest way of accom-
plishing this effect,
25 §=T 54 "with grein” specimens respondsd readily to shobt-pesning

with resulis as shown in Fig., 21, T ife in tha
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high stresss renge was sboub B00%, slthough the sndurence linit may
not have been chenged; an insufficlient number of spscimens wers tested
to deteraine this,

Shot=paening of 76 S=T gpscimens was carried out ab ths same

intesnsity ss thet used on 2% 8-T, However, there wes no improvement
in fatigus life over the unstressed 76 8=T, Ses Fig. 22, The increassd

gurfacs roughnsss csused by shote-psening apparently offset any improve=

ment in fabtigue 1lifs dus to surfacs sbtressing.

due to surfece rolling was sven

et

The incresssed fatigue strenghh

%

more propounced than thet due bo shobt-psening. See Pigs, 18, 21, and

&

22, For 25 5=-T7 rolled at 100 lva, pressure the incrsass over unbreabsd

noh

o

s

spozimens smounbsd to 2500% in the high stress rangs., 1t was
debermined what the affsct was on endurance limid,

& pressure of 100 lbz, wss declidedly more effecblive than 200 lbs,
1% is Palt that 100 1bs. is ebout the opbimum pressure for 25 5=T7 for
the roller design indicated in "Semple Calcoulefions®™, Sectlon VI,

When 768 5=T was rolled at 100 los., & similer improvement wes

noted in fatigue 1ife, BSes Fig. 22. This smounbed to about 3000%



in the high stress range.

Tests of cold rolled specimens not only showed greater improve-
ment in fatigue life then did those of shot peensd pieces, but also
produced more uniform results. Furthermore, the design of rolling
devices is not difficult, Therefore it would seem sdvisable to use
cold rolling whenever the shepe of the pert lends itself to this

method of surface stressing.



OVERSTRESSING

4o sttempt wes mede to determine the effects of "over=-stressing™
on fatigus strength. Fig, 11B indicetes this, Two specimens of
25 3=T, 5// with grain were run at 35,000 psi, and 30,000 psi,
respectively for 50,000 cycles, Both specimsns werse then run to
destruction at 25,000 psi., The total number of cyecles until failurs
oceurred brought the points onto the normal curve well within the
scatber band,

These results, while not conclusive, precluded further investe
igation along this line,

They furthermore do nobt subsbantiate Miner's Bguation:

e 4+ 3 4000 =] Ref, 5
N, Np
UNDERSTRESSING

Several spscimeans which had been run at a low stress for a
large aumber of cycles were re-run at s higher stress, Ths data
thus obteained was plotted and found %o lie well within the scatter
band for the particuler meterial and test condition, These particular

specimens are as followsz

Spescimen Metal Fige
12, 12a 25 3-T 11D
10, 11 25 S=T 11 B
13, 13a 25 S=T 11 %

3, 5 76 8=T 16 B
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Thers was no indication that the cycles at a low sbtress had eny
offect on fetizue life at a higher stress, In other words 25 S-T
and 76 S-T wers not susceptible to "coaxing", nor was thers any
fatizue damege noted due to low stress operation. This is further

s LS e

rafutation of Minerts Bquation.



IV. CONCLUSIONS

The following conclusions may be drewn from the resu 5 obteined

in this works:

1)
2)

)

4)

7)

9

The endursnce limit of 25 8=T wes verified to be 18,000 psi.
Machining with 1/8" radius tool severely reduces the endurance
1imit of 25 ST ss surface roughness is incressed,

Machining 25 S-T with a sharp ended tool givss effects per-
allel to those obteined with 1/8" radius tool until a stress
of mbout 20,000 psi. is reached, The endurance limit remains
at 18,000 psi, for all surfasce conditions obtained with the
sherp tool,

Shot=pesening of 25 S=T with .010/,012 A=2 intensity increasss
fatigue life about 500% in the stress renge betwsen 40,000 psi,
and 20,000 psi.

Cold rolling of 25 $=T at 100 lbs. increases fatigus life
about 2500% in the stress range between 40,000 psi, end
25,000 psi,

The endurence limit of 75 S=T is about 18,000 psi,

75 S-T mechined with a sharp tool has aboubt four times the
fatigue strength of 25 $-T, similerly machined, in the high
stress range; but it has the same endurance limit, 18,000 psi,
76 S=T hes a fatigue strength betwsen 75 S=T end 25 S=-T in
the high stress rangs; but it has a higher Badurance Limit:
19,000 - 20,000 psi. for 1/8" R, Tool, 24,000 psi. for sharp
foolo k |

The effect of shot=peening 76 S=T with s010/,012 A 2 intensity



w2 (=

wes negligible.
10) Cold rolling 76 S=T at 100 1lbs. increased fatigue 1life
about 3000% in tﬁe high stress range,

It is recomuended that future tests with these machines be
conductsd with the machines mounted on individual stends and in
cushioned mountings. The present set=up sllows vibrations from one
machine to be trensmitted to all the others,

It is further recommendsd thet more tests be conducted as follows:

1) 75 S=T mechined with 1/8" radius tool,

2) 75 S=T shot peened and cold rolled,

3) Complete 25 S=T and 76 S-T shot peened end cold rolled %o
determine effect on endurence limit,

4) Vary intensity of shot peening and rolling pressure to
determine optimum values for each metal,

5) Further investigate the effects of understressing and

overstressing on fatigue life,
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Vi. SAMPLY CALCULATIONS

le Stress Caleulation:

- . ~ AP
= _1_6%% PeSede d = 0§30
W = 10 lbs. (Tere)+ Added Weight
= 755W peSeie L= 4"
2, Design of Rolling Device: (So8 Ref, 4,)
Rollers: Specimen
A, = 048 As = 03016
Ang = 0933 A5 9875

1,1 1,1

e

1
— + et
R~0.8 ' 0.55 G.i5 ' 5.75

= 1,26+ 3 t* 6,66 + 0,102
=11,01 |
R =0,0909"
This valus of R allows the use of the Boussinesy Formuls:
1 .
= 8P7-r [ 7;2217 T= 2 ¥g Pesols
P = Force lbs,

Z = Depth of penetration = inches
U = Poisson's Ratio
Sey,
Z=% redius of specimen

= $x 0,15 = 030375

P - 8TZ'T _ B {0,375)%T- 0,0054T
7 Ld Z\r 6.5
25 S=T 75 ST 76 ST
vy 30,000 66,000 60,000
T 15,000 33,000 30,000

P 81 178 162



ViI., FIGURES 6=23
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FI6 7 ROLLING DEV/ICE AS USED
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f16.10 TEST STAND
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