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 THE EFFECT OF SURFACE ROUGHNESS UPON 25 ST ALUMINUM ALLOY

SUBJECTED TO REPEATED TENSILE STRESSES ABOVE THE PROPORTIONAL

LT

Fatigue tests were conducted on 54 specimens of 25 ST aluminum
alloy for the purpose of determining the effect of surface roughness
on the fatigue life of the meterial when subjected %o constant re-
peated tensile stresses above the proportional limit. In addition,
the basic stress vse. cycle curve for 25 ST aluminum alloy wes ex-
tended to include the range of cycles below 100,000,

A machine capable of epplying repeated pure tension losds at the
rate of 52 eyeles per minute, without shock but with a high ra%e of
loading, was used to obtain the data.

It was found that the rete of build-up and the duretion of the
impulse ereated en equivalent static load equal %o the peak of the
impulse loadinge

For the meterisl tested, it was found that as the surface rough-
ness inereased fr@m.5/a,t© 2@@/aa the life expeectency of the alloy
invgeneral was reduced. IHowever, the experimental results revealed
a larger degree of seatter in the cyelic ramge below 40,000 cycles
as @pp@sed to the relatively consistent data obtained at the higher
cycles. Therefore, no general conclusions could be ascertained as to
the effect of roughness on the fatigue life of the material in the

high stress regiono
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Aercnautical Laborstory, Celifornia Institute of Technology, Pasa-
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I. INTRODUCTION

The purpose of this investigation is to determine the effect
of roughness on the fatigue strength of 25 ST aluminum alloy in the
range of cyeles between 500 and 1000006

Fatigue=strength eurves for aluminum alloys ordinmarily cover
e range of cycles starting at 50,000 to 100,000 and extending to
approximately 500,000,000, Since aluminum alloys have wide appli-
cationsvin industry, much useful engineering informatiocn would be
obtained by extending these curves to include the lower cyelic range.
Many aireraft structural members, such as parts of the landing gear
assembly, are subjected to tensile stresses in the cyelie ranges
considered in this report.

The problem of determining, in its entirety, the effects of
repeated loads on aluminum alloys is enormouse Closely allied prob-
lems have been investigated during the past few years; however, lite
tle experimental data have been made avallable on the subjecte

The design end bullding of an adequete testing machine for
carrying out the tests in the range of cycles considered was aceom=
plished in 1947 by lieut. Comdrse Robert L. Mastin and Edward G.
Bull, U S. Navye The machine was modified slightly by Mr. Chinta=
kindi Ve JogaRao and Captain Conred N. Nelson, U S. Air Forcee
The work of Bull end Mastin was carried further as reported in the
thesis by Conrad N. Nelson, Captain, U S. Air Foree, "Repeated
loads Aobve %he Proportional Limit on 2i ST Aluminum Alloy?, CeIoT.
1948,



The esbove authors® work showed that almost all deformation takes
place in the first ten cycles of the applied stress, end that there is
no relation between the elongation of a specimen and its life expectancye
They also indicated that aging time, magnitude of overstresses, and
initial stresses had an effesct on the life expectency of 24 ST eluminum
alloy. However, their test results on the effects of aging time, etee
were not econclusive, és stated by the authors, and they suggested further
work on the problem in general.

Since the problem is vast in scope, covering a large number of
metals, their alloys, end an infinite number of loadings, only one phase
of the subjeet was considered, i.e. the effect of surface r@ughngss upon
25 ST sluminum alloy subjected to repeated tensile stresses in the eyeclie
range below 100,000 cycles. Although only one alloy was tested, the
effect of surface roughness on other aluminum alloys would probably
parallel these resultsg h@ﬁever, further work is necessary to establish
the basic high stress-low eyecle curves for the other common aireraft
materialse It is to be noted that these results apply only to members
with freely-hinged endse

This investigation was carried out in collaboration with Lte Comdr.
We M. Ringness, U. S. Navy, at the Daniel CGuggenheim Aeronautical Labor-

atory, California Institute of Technology, Pasadena, California, in 1949.



II. EQUIFPMENT

All specimens were made from a 25 ST forging whose chemical com=
position was 4e43% Cu, 0.67% Si, 0.016% Mg, 0045% Fe, 0.73% Mn, 0025% %n,
0.02% Cr, and remainder Al. The alloy had the following properties:

Yield Strength = 39,400/41,250 peseie

Tensile Strength = 58,000/61,396 peseio

% Elongation in 2 inches = 163/17

Each specimen was cearefully made with the customary high standards of

experimental work by the CoI.To Machine Shop in accordance with Fige le

As recommended by Captain Conred Neo Nelsom, Us S. Air Force, (Refo 1)

the fillet radius was doubled. The surface roughness was applied by

circunferential grooving giving ridges of 5  ws0 56#9 l@@/ce and 200 o
& round %00l, radius 3/16" was used on a Pratt and Whitney 13"

Lathe, Model B, The advance used for the grooving was as followss

Roughness Advance
5 0.0012 in,/rev,
50 ux 0.007 in,/rev.
.00 AL 0.010 in./rev.
200 0.0143 in./rev,

The roughness was checked on a Profilometer built by Physicists

Research Compeny.



The testing machine was designed end built inm the 1946-47 sehool

year at CeloTe by Lisutenant Commenders Bull, Mastimn, and Soli, and
Lieutenant Diteh, all of the U. Se Navy, and subsequently modified
by Mre Chintekindi V. JogaReo end Captain Nelson, Us 8¢ Alr Forece to
strengthen the H=beam base of the platform (Refse 1 and 2). Addi-
tional modifications were made by Lisut. G@mdre'W§ M. Ringness, Us Se
Navy and the authore

The machine econsists essentially of an eircraft type hydraulic sys-
tem which applies a pure tensile load (design meximuwm of 11,500 1lbs.)
to the specimen which is anchored at one end and seggred at the other
to a piston of the hydraulic system (See Figse 3 and L)e

Hydraulic pressure is supplied by a positive displacement gear
pump driven by a five (5) hepe 220-volt AsCo electric motor rated at
1140 repems A step=up reduction gesr of 3.06 to 1 raises the pump
Topeos t0 3420,

The hydraulic system (Figo 11) begins at & six end eight-tenths
(608) gallon reservoir with filler streinere The fluid passes through
an oil strainer to the suction side of the pump, through a pressure
relief valve (set to 1ift at 1250 pese.io.), an sccumulator, a pressure
regulating velve, a Vickers solenoid-operated pilot valve, and hence
to the cylindere A Bourdon hydraulic pressure gage, protected from
shogk by a shut-off valve, is installed in the line just ahead of the
pilot valve. ‘Four return lines are provided one each from the low

pressure end of the eylinder, the discharge side of the pilet valve,
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regulating valve, and relief valves

The reservoir was filled by mesns of a hand pump located within
the mein frame of the machine. Although all types of olil were used
no failures of the system were attributable to the fluid.

The movement of the piston is controlled by the Vickers solsnoid
triggered through contact points operated by a circular cam driven
by a 1/20 HoPo 110=volt A.Co universal wound motors This same motor
also drives a mechanicel counter which indicates exaetly ome=half of
the ectual number of piston strokes (Pige 12)e

The entire system (Figse 5, 6, and 7) except for the specimen,
its Pittings, the cylimder, the pressure gege, the counter, end the
electrical controls, is mounted below the teble tope

The test pletform consists of two 5% steel Hebeams, six feet long
bolted together upon which sre mounted heavy steel fittings to anchor
the eylinder and the fixed end of the test specimen. The ll&E‘SQe ine
piston is atteched to a universal joint which in turn is comneeted to
the loed coupon (Fige 2)o The test specimen is secured between the
loed coupon end another universsel join®t whiech is in turn serewed onto a
fitting which bolts conto a heavy metel tee-shaped anchor fastened %o
the top H=beam. The universal jeints which remove bending stresses
carry counter weights for stetic balence of the free emdse Lte Cdre
Ringness eand the author installed safety guides for these balances
sinee there was & tendeney for them to rotate the universal jointse

However, these guides were made very loose to allow for axisl movement
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cf the weights as well as a few degrees of rotation.

During the firet few tests it wes observed by the investiga=-
tors that the cylinder and fixed end did not have the proper sligne
ment, thereby introducing bending loads im the speeimen in spite of
the universal joints. To correet this, shims were pleced under the
bydreuliec cylinder un%il sll noticeable effects of bending were elim=
inatede

Since it was necessery to leave the machime in operation for ex-
tended periods of time (the rate of loading was 52 cycles per minube),
an additional modification of the testing machine was considered essential,
This change consisted of installing a mi@f@mgwit@h in the electrical
eireuit, the operation of which shut down the entire systeme The
switeh, modified from a "normelly closed” %o a "normelly open? type,
was located on the testing pletform in sueh a position whereby upon
failure of the test specimen & ecoller on the piston struck the actuat-
ing arm of the micro-switeh as the piston returned home upon fracture
of the test pieces When the micro-switeh was actusted, 1% opened a
three=pole, double=throw relay which comtrolled the counter circult,
the solenoid ecirecuits end the mein motor cuteff switeh @Fige 12)e
Thie modification mede by Lt. Cdr. Ringness end the author sllowed the
investigators to subsequently cerry out many more tests than would have

been possible had this change not been madee

The ®losd ecoupon?® (Fig. 2), located between the hydrasulic piston

and the test specimen, is the device used for measuring accurately the



&sctual load being applied to the specimen. Mounted at ninety degree
specing on the steel coupon were four (L) SRel resistance wire strain
gages. These geges were connected in series to ineresse the sensi-
tivity and to remove bending effects of the eoupon. This was the only
means of accurately measuring the stresses as the pressure gage, have
ing once been calibreated ageinst the load in the cylinder, proved to

be only a rough check on ﬁhe applied losd.

The electrical load measuring equipment consists of the "loed
coupon® with its four strain geges connected in serieae en smplifier,
e contrel panel, a Heiland Recording Osecilloscope, and associated
power supplies consisting of 110-volts A¢Ce and 6-volt batteries as
necessery (Fig. 13).

L Wheatstone Bridge cirecuit measures the ehange of resistence of
the gages with chenges in loades This signel is sent through the ampli=
fier, hence on to the Heilend Recording Oscilloscope which in turn
makesg & photographic record of the loed applied, eutomatically plot-
ting this load egeinst & time aexis. Thus the rate of loading is also
recordedo

Inecorporeted within this eleetricel system is & method of epplye
ing known electrical loasds of 1000, 2000, 3000, end 4000 pounds. This
electricel feature provided m means of compering the applied load with
& known standerd during testinge This was accomplished as follows:

After the strein geges were cemented onto the coupon and checked

seperately, the coupon was placed in e Riehle Bros. Tgnsile Testing
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| Machine. The gages were connected in series and a record of eemofo
drop seross the gage (in millivolts) vse loasd on the coupon was mede
(Pigo 15)e¢ During this strein gege calibration, the smount of re=
sistence was determined which, when comnected in parallel with the
SR-li geges, would give electricelly the seme effect as applying core
responding static loads of 1000, 2000, 3000, end 4000 pounds to the
3@&@ coupon. These known resistences were installed in the control
penel and then connected to the electrieal eireuit through a selector
switche Then it was possible to seleet any one or all of the four
known electric loads whiie the test was in progress and thus place

a standard ecalibreting line on the recording paper in the Heiland Re-
cordere. Hence with each actuel load that was recorded there was as-
sociated with it e known standerd calibretion load vs. Time curve.
This ealibretion method eliminated errors due to voltage and temper-
ature chenges inberent in the power supply.

The sensitivity of the strein geges could be controlled by con~
trolling the voltegeapplied across theme However, efter a few trials,
it was ascertained that two six-vclt direct current batteries comnected
in series gave the best results in that the full width of the recording
paper was then utilized.

The Heilend was powered by ten volts of direet currente

Pig. 8 shows an oscillosecope recording which is typical of those
obtained on 81l testse The information as teken from Fige 8 is tabulated

belows



Duration of Zero Lo 0063 sece
Duration of Meximum Load 0s33 seece

Pime - No Load to Full Load 0.1l seco

Time = Full Load to No loed 0,025 sece
Time for one complete cycle 1125 seeeo
Number of cycles p@r.minut@ 52

Maximum Rate of Loading 41,700 1lbs./secs
Maximum Rate of Unlosding 184,000 1bs./seco

Since the rete of loasding of the specimen had been established
as being satisfactory by Bull and Mestin (Ref. 2) the Heiland Re-
gording Oscilloscope was used only %o obtain the mégnitud@ of the
applied loade

The possibility of utilizing other loed meesuring end recording
devices such &s a lerge Qseiligs@@pe with a retentive sereen was ine
vestigated by Nelson (Ref. 1)» However, he found thet the low fre-

quency of the testing machine precluded the use of such deviecese



II1. PROCEDURE

Tables III through LVI tabulete the data obbeined during this
investigatione

After ell preliminery calibrations were mede, a series of fatigue
tests were mede on 25 ST alumipum alloy. For record purposes all
%ests are listed in this report even though in some cases useful date
were not obtained. Each test wes run until the specimen failed. Fige
10 is en exemple of a complete typical dete sheete

| The actual loads applied during eny one test were determined in

the following menners |

Three ealibration lines were established by recording the equive=
elent 1000, 2000, and 3000, or 2000, 3000, and 4000 pound electric loads
on the Heiland Recorder. The applied loasd was recorded immediately af-
terward. Thisg pr@ceduré was continued throughout the test. A typieal
set of sueh readings ere shown in Pige 9o

The heights of the calibration end lead lines ere measured after
the £ilm is developed and driede. For exemple, from Fige. 9 1t eppears
that 0.32" corresponds to a 1000 pound losde The load line is 0.8L°

in heighte Thus by simple erithmetie the load is computeds

D8k + 1000 = 2625 pounds
0032

The corresponding stress (cross-section area being 000707 sqe ime)

2625

50,0707 = 379130 pesels

No effort was mede to calibrate the hydraulic pressure gage, os

was done by the previous investigators, since the first few tests
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showed that the relation between the hydraulic pressure gage Set“@mg
and the aetual loed applied would change from dey %o day. However,
the pressure gage was used to determine the initial loed setting.
Although the hydraulic system does not keep a perfectly constent
loed, the load variations were not over excessive during any complete

teste
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IVe. RESULTS AND DISCUSSION

As mentioned previously in this report, the frequency of load
application is 0867 cycles per seconde Since the load application
is non-steady in nétureg it seemed desireble to investigate the ef-
feet of any longitudinel vibrations that might be set upse

Frem Den Hartog, Appendix II, (Refe. 3)

£ = éﬁ;ﬁ where
f = fundemental matural frequeney, cycles/sece
m'= mess/unit vole 0.101/386 1be sec?/inlt
L = length, 2¢
E = 10,300,000 poseie
The natural period is then T::%uzegoe x 105 sece Thus all vibre=

tion will be demped out between cycles since m—mwllabd. 5 = 59115,000

natural periods are completed (Rest periods — 0.63 seconds). There=
fore, there is no effect on this system due to the periodicity of
loading.

In order to determine a dynemic load factor for this elastic sys-
tem, @as outlined by Dre Je Mo Franklend (Ref. L), certain assumptions
mugt be fulfilled to allow treatment es a one degree of freedom system.

lo The impulse should be at least one tenth of the duration of the
natural periode

2¢ The impact loed should be distributed fairly uniformly over the
structuree

3e The fundemental mode should be uncoupled with higher modes. 4ll

three conditions are fulfilled by this system idealized to the extent
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t@aﬁ the fundamental mode considered is longitudinal and may be as~
sumed uncoupled with higher modes (Condition 3)e The other %wo ecom~
ditions or assumptions are obviously mete

Where the duration of impulse is long compered to the natural
pericd of the system, as in this case, Dr. Franklend states that the

important paremeter is the rate of buildup of the impulse. Thus

2 Pt@ '
= *- erme——m - s
n=1 pt@ sin > where

n = dynemic load factor ——

eos@ls::egmivai@nt static loed
p = eireular natural frequency
t@;.time required for buildup = 0.1l4 sece.
pty= 2(49,500)(e14) = 43,600

. . bt
an@e'E%s azn,ngg <<1l; the equivalent static load is approxi-
©

mately equal to the pesk of the impulse loadinge Therefore, the
system een be considered subjected té the loasds as determined by the
load measuring equipment deseribed on page 7

It must be pointed out that if the buildup time is in the neigh-
borhood of the natural period of the system, equivalent static loads
equal to twice the peak loading may be expecteds Also, mot only equive
alent static loading but rate of buildup must be considered when com=
pering these results to similar investigations.

Figse 163 17, 18, 19, and 20 are the plots of the test data com=
piled in Tables III through LVI inclusive. Since it has been deter

mined that vibration in this system has negligible effect on the
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resulting loading, the loads listed im the Tables can be considered as
the actual loeds applieds

An exsmination of the aa%a reveals the aceuracy achieved in abe
tempting to hold = comstent load throughout a complete teste ALl re=
sults, where sufficient information wes obteined, were plottede Al-
though no definite reading interval was established between rums, 1%
ean be assumsd that where long periocds of time existed between read-
ings, the load remained constant. The test data substantiates thise

Thé basie eurve, specimens tested with a S/Aroughnessg is shown
in Pige 16 The results for roughness factors of EQ/A, 100 44, end
2004 ere plotted and represented in Figs. 17, 18, and 19 respectively.
Pige 20 is @ compilation of all resultse The type of break was also
recorded on each Figure, but the type (normal or fillet} had little
or no effect on the general trend of the curves.

The seatter is that which is %o be expected in compiling experie
mental data of this types However, as a result it was Qifficult %o
ascertain the precise location of thé curvese But it is felt that ine
creasing roughness has a definite tendency, however small, toward de=
creasing the fatigue strength of 25 ST eluminum alloy. Time prevented
further investigation of the portion of the Sq/tcurve in the eyelie
range between 5,000 and 15,000 eyeless |

Upon closer investigation of Fige 20 it appears that roughness
has more effe@t upon the eyelic life of this materiel in the range of
40,000 eycles and upwards than in the region below 40,000 cyclese The
data were also more consistent in this remge. Although negative in na-
ture, it appears that the different surface roughnesses have very little
effect on 25 ST when fallure oceurs at stresses corresponding to cyeles
lower then [j0,000. It is felt that further investigation along these

lines of the other important ealuminum slloys is needed.
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Vo CONCLUSIONS

For the material tested, 25 ST aluminum alloy, surface rough-
ness reduced the life expectancy of the alloy when subjected to
eonstant repeated tensile stresses which were above the proportional

limit. As the surface rough

ness increased from 5..to ZQQ/A, the
number of cycles to cause failure of the test specimen for a given
load deereased. The results were more pronounced in the renge from
40,000 to 100,000 eyecleso

In the regions below /0,000 ecycles the eamount of scatter in-
ereasede 1t was therefore impossible to draw accurate conclusions
as to the effect of surface roughness on the cyeliec life of 25 ST
aluminum alloy in this region except that this indicated the conver=
gence  of all curves on the point, N = 1 eyele, 0 = ultimate tensile

strengthe
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VI. RECOMMENDATIONS

As & result of this investigation the following recommende-
tions are made:

l. That similar tests be carried out for other aluminum ale
loys ecommon to the aireraft indusiry.

2. That the direect current supply be replaced by alternating
current in the applicable eircults of the electrical load measur-
ing equipmente

3¢ That the rate of loading be increased from 52 cyecles per
minute to two or three times this value, thus reducing the time re-
quired to complete a single teste

4o That & precision type pressure control valve be installed
along with a more stable pressure gage so that after the machine
is once calibrated, the entire system would be independent of any

load mesasuring equipment other than the pressure gage itselfe
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TABLE 1
Celibration of Strein Geges

(Connected in Series)

Reading Load (1Lbs,) Mllivelte
1 100 310
2 200 615
3 300 930
4 400 1.22
5 500 1,55
6 600 1.85
7 700 2,15
8 800 2,49
9 900 278

10 1000 3,10
11 1100 3041
12 1200 3.73
13 1300 4,03
14 1400 4s35
15 1500 4,68
16 1600 4,98
17 1700 5029
18 1800 5062
19 1900 5,93
20 2000 6021
21 2100 6656
22 2200 6083



PABLE I (Comttd)

Reeding Millivolts
23 7.19
24 2400 7.50
25 2500 7,83
26 | 2600 8613
27 2700 8,44
28 2800 8,76
29 2900 9,09

30 - 3000 936



Load
1bs,
0
300
600
900
1200
1500

1800

2100

2400
2560
2700
2800
2930
3000

3100

®20=

TABLE 11

Static Tensile Test

25 8T 5« Surface Roughness

Throop Hell==Materials Testing Leb,

Specimen Dismeter 0,39

#79
Gage
Rig.

0
2.0
5.3
8,0
10.4
13,0
15,8
19.6
2802
43,0
45,2
75,0
85,2
92,3

102.9

#79
Strain
Rdgo
0
3.05x10~%
8.082
12.2
15,86
19,825
24,095
29,89
43,00
64,05
68,93
114,37
129,93
140,76

156,92

#80
Gage
Big.

0
2.5
4,5
746
10.6
13.3
16,3
20,0
28,2
43,0
46,0
78.C
88,6
95,0

98,8

#79 == 1,525 z 10~% infinfdivision

#80 ——= 1,562 x 10~ in/in/division

Aress 0,0707 sq. in.

#80
Strein
in/in

0

Average
Strain
in/in

0

3,905x10~% 3,477x10~4

7,029
11,871
16,567
20,778
235,460
31,240
44,206
65,604
71,852

121.84
138,39
148,39

153,86

7,555
12,035
16.208
20,300
24,777
30,565
43,602
64,827
70,391

118,11

134,16

144,58

156,39

S%r@@g
PoSeils
0
4243
8486
12729
18972
21215
25460
29701
33945.
36209
38189
39604
41442
42430

43847
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PABLE III

Approx, Gege Setting 200 posoie

COyeles

1 30

2 100 | 9367

3 1600 2148

4 2000 2671

5 2400 2500

6 2600 2571

7 2800 2500

8 3000 2571
9 4000 . 2340
10 4500 2270
11 5000 2360
12 5500 2985
13 | 6900 2350
14 8240 2410
15 | 10000 2571
16 76000 2350
17 74200 2515
18 76200 2570
19 262204 Pailure

Boughness = @/%
Brealk = Fille%
Ave, Load - 2350 1bs.

Stress = 33,000 pesSeis
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TABLE IV
Test 2 Approx, Gage Sebting 220 D.sois
Reading Cyeles
1 100
2 1000 2610
3 2520 2880
4 3000 2720
5 71050 2620
6 71200 2760
7 76000 2760
8 83600 No reading
9 105000 ' Feilure
Roughness = 5«
Break - Fillet
Ave, Load = 3700 lbs,
Stress - 38200 poseis
TABLE V
Test 3 Approx. Gage Sebting 240 posei.
Reading Cycles
1 40
2 3000 2950
3 8000 2970
4 12400 2750
5 , 16900 2850
6 56008 Failure

Roughness = §/0L

Break = Fillet

Ave, Load = 2900 1lbs,




Test 4

Eseding
1

Roughness - 54
Break - Normal
Ave, Losd - 3100 1lbs.

gtress - 43,800 Pasoi@

Test 24

Besding
1

&3

e

®w I & G

Roughness - 54
Break - Fillet

Ave, Load - 3350 1lbs.
Stress — 46,000 Pesei.

=23~
TABLE VI

Approx. Gage Setting 260 pes.i.

Gycles
40

2800 : 3160

7600 2960
11760 - Yo resding
13800 » 3170
20850 3100
21720 3020
22972 Failure
TABLE VII

Approx, Gege Setting 260 peseis

Lycles Load (1bs,)
3000 | 3240
7900 2280
7920 3250

13100 3250

13200 3250

18000 3330

18060 3270

18374 - Failure
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TABLE VIII
Test 26 hpprox, Gage Setting 270 pes.is
Reading Cyeles
1 3000
2 7680 3500
3 7700 3470
4 | 9900 3500
5] 9920 3800
6 21002 Failure
Roughness = 54
Break - Fillet
Ave, Load - 3485 lbs,
Stress - 49,300 pesels
TABLE IX
Test 5 Approx, Gage Setting 280 pe.se.i.
Reading ) Cycles Load (1bs,)
1 10 3240
2 7780 ¥o reading
3 7812 3420
4 9220 3390
B 116800 Fo reading
6 11660 3360
7 17660 3380
8 Machine broks down

Houghness - 5;;4



52553

TABLE X

Test 8 ‘ Approx. Gage Setting 280 Poseis
Reading Cycles Load (1bs,)

1 20 3260

2 1060 3470

3 1120 3560

4 1620 3520

5] 1650 3440

8 Machine broke down at 4000 cycles
Boughness - Su |

TABLE XI

Test 22 Approx. Gage Setting 280 p.s.i, ‘
Reading Cycles 7 Load (1bs,)

1 30 3260

2 1930 : 3560

3 5420 3500

4 9820 3620

5 13020 3560

4] 16280 3580

7 18870 Failurs

Boughneas = 5/4
Bresk = Fillet
Ave, Load - 3360 1lbsg.

Stress = 47,500 posei.



Test 13

JHeading

EY & &S]

(s3]

8
Roughness - 5«

Break - Hormal

8

9

Roughnesgs - §/q

Break - Wormel

TABLE XII

Approx, Gage Setting 280 p.s.i.

Lycles

20
7540 3390
7660 870
9400 3870
9440 38500
13480 3670
13490 3570
1%5@4‘ Failure

Ave, Load -~ 3520 1lbs.

Stress = 49,780 peseis

TABLE XIILL

Approx. Gage Setting 290 p.s.i.

Cycles Load (1bs,)
80 ¥o reading
600 35680
3420 3590
7600 3580
10340 No reading
10540 Vo resding
11240 38510
11260 3590
13700 Failure

Ave. Load - 3560 lbs,.

Stress - 50,300 Poselo



Test 7

Reading
1l

(3] 2%

L97 B

i0

11

Roughness = 54

Break - Hormal

Tess 23

Reading
1

2

3
4
5

Boughness - S u

Break = Normal

m;;" ?na

TABLE XIV

Approx. Gage Setting 300 p.s.i.

Lycies Load (ibs.)
10 3440
3280 3640
3320 3540
3400 3540
10750 3660
10800 3730
12750 No resding
12800 No zeadlng
12880 No reading
13430 3670
19326 Failure
dve, Load - 3590 1lbs,
Stress - 50,700 posoie
TABLE XV
Approx. Gage Setting 300 p.s.i.
Cyeles Load (1bs,)
3000 3640
7300 3830
9580 34850
9600 3610
13832 Failure

Ave, Load - 3630 1bs,

Sﬁf@s% = 5133@0 po@eie
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TABLE XVI
Testlg Approx, Gage Setting 320 pes.i.
Reeding Cycles Losd (1bs,)
1 10 Yo reading
2 50 3630
3 6740 3680
4 6760 No reading
5 7000 3870
6 7060 3870
7 9316 Failure
Houghness - 54
Break - Wormal
Ave, Load - 3760 lbs,
Stress = 53,100 pssois
TABLE XVII
Test 10 ' Approx, Gage Setting 340 DeSel.
Rezding ‘ Cycles Load (1lbs,)
1 30 3920
2 1080 4015
3 2080 4120
4 3240 Failure

Roughness - 544
Break = Normal
Ave, Load = 4020 1lbs,.

Stress - 56,800 peseie
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TABLE XVIII

Approxz. Gege Setting 360 Do.sa.is

Eycles

1 50 ' 4450

3 100 4510

3 400 4390

4 580 Feilure
Roughness - Su
Break - Normal
Ave, Load = 4450 lbs,
Stress = 63,000 Pos.i.

TABLE XIX

Test 8 Approx. Gage Setting 220 pe.se.is
Reading Cycles Load (1bs,)

1 ’ 10 2670

2 ) 4650 2620

3 4800 2730

4 5400 2800

5 9320 2690

8 13400 2710

K4 17200 2680

8 77380 Failure

Roughness - 504
Bregk = Filleb
Ave, Losd = 2700 1bs.

S%r@gs = 38,200 peSsi.
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TABLE XX
Test 28 Lpprox, Gage Setting 230 posel.
Reading Cycles Load (1bs,)
1 10 No reading
2 4260 No reading
3 4500 No reading
4 6420 2700
& 6440 2870
6 8072 2930
7 8080 2880
8 9460 2890
9 16180 2970
10 - 16200 ;‘ 2730
11 21860 | 3000
12 21800 2950
13 , 23660 2870
14 48892 Fallure

Roughness - 50,
Break - Fillet
Ave, Load - 2880 1bs.

Stress = 40,700 p-Sc.ie
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TABLE XXI
Test 12 Approx. Gage Setting 240 p.S.i.
Reading Cycles Load (1bs,)
1 5 3000
2 30 3000
3 660 2780
4 680 3050
5 1600 3090
é 1630 3170
7 7000 3000
8 11200 3050
9 16830 2950
10 36840 ~ Failure

Roughness = 50
Break = Normal
Ave., Load = 3000 1lbs.

Stress = 42,400 p.s.i.



Test 27
Reading
1

AR R B A N {38

Roughness = 50t
Bregk = Fillet
Ave. Load = 3140 1lbs.

Stress = 44,400 p.ss.i,

@32@

TABLE XXII

hpprox, Gage Setting 250 p.s.i.

Cycles
2980

7540
7560
9560
9600
10650
10670
16200
23740

3120
3160
3280
3150
3090
3140
3170
3010

Feilure
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TABLE XXITI

Test 15 Approx, Gage Setting 260 p.s.i.
Reading _m Load (1lbs,)

1 .10 3300

2 175 3470

3 5010 3350

4 11100 3460

5 14600 3250

6 - 17400 3290

7 20534 Failure

Roughness = 50 (4
Bresk = Fillet

Ave, Loed = 3350 lbs.
Stress = 47,400 p.ssie



T

TABLE XXIV
Test 29 Approx. Gage Setting 270 pesoi.
Reading | Cycles Loed (1bs,)
1 _ 3810 3570
2 3830 3570
3 7280 3440
4 7300 3470
5 9710 3450
6 9730 3390
7 19300 3290
8 19310 3290
9 20970 3490
10 21000 ' 3440
11 27370 Fellure

Roughness = 504
Break = Normal
Ave, Load = 3430 1lbs,

Stress = 48,500 peseie



TABLE XXV
Test 14 Approx. Gage Setting 280 pe.s.i.
Reading Cycles Load (1bs,)
1 10 3410
2 40 3410
3 3760 3390
4 4000 3560
5 8840 3540
6 12860 3430
7 20280 3570
8 24612 Feilure
Roughness = 50 &«
Break = Normal
Ave, Load = 3470 1lbs.
Stress = 49,000 pos.i.
TABLE XXVI
Test 16 Approx. Gege Setting 300 p.s.i.
Reading Cycles Load (1lbs,)
1 | 520 3630
2 3280 3520
3 8320 3650
4 11832 | Failure

Roughness = 50 /,(
Break = Fillet
Ave, L@ad o 3&0 1bs.

Siress = 50,900 pos.ie
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TABLE XXVII

Test 19 Approx. Gage Setting 320 p.s.i.
Reading Cycles Load (1bs.)

1 10 3860

2 200 3860

3 1020 3860

4 2497 Feilure
Roughness = 50um
Bresk = Noxmal
Ave, Load = 3860 1bs,
Stress = 54,600 p.8si.

TABLE XXVIII

Test 18 Approx, Gsge Setting 340 peS.i.
Reading Cycles Load (1bs,)

1 10 4170

2 100 4170

3 850 4170

4 880 4170

5 1900 4080

6 2218 Feilure

Roughness = 50 w
Break = Nprmel
Ave, Load = 4150 lbs.

Stress = 58,600 pssoi.
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TABLE XXIX
Test 17 hpprox. Gage Setting 360 p.s.i.
Reading Cycles Load (1bs.)
1 10 4160
2 18 Feilure

Roughness = 5044
Break = Nermal
Ave, Load = 4160 lbs.

8tress = 58,800 poSoi.
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| TABLE XXX
Teét 38 | Approx, Gage Setting 210 pssoi.
Reading gg_gg._gg Load (1bs,)
1 &ds 2630
2 72 2570
3 550 2600
4 570 2550
5 2980 2550
6 3000 2580
7 3650 2550
8 3660 2550
2 7250 2640
10 7260 o 250
11 11200 2440
12 14600 2520
13 21450 2610
14 56830 2520
15 56840 2630
16 60125 2670
17 64300 2550
18 64310 2620
19 68080 2600
20 68100 2600
21 73890 2660
22 73900 2660
23 81090 2500
24 81100 2500
R:ul,jghness - 1004 e Ave. Losd = 2580 Tosy

Bresk = Nermal Stress - 36,500 PeSol,
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TABLE XXXI

Test 35 Approx, Gage Setting 230 p.Se.i.

Reading Cycles Load (1bs,)
1 868 2780
2 3140 2810
3 4320 2790
4 8100 2760
5 11200 2670
6 14100 2760
7 18500 2850
8 22650 2710
9 23945 Failure

Roughness = ILOO/,«,
Bresk « Fillet
Ave, Load = 2760 lbs.

Stress = 39,000 p.s.i.
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‘ TABLE XXXII
Test 34 Approx, Gage Setting 250 p.S.i.
Reading Cycles Load (1bs.,)
1 1670 3020
2 3380 3000
3 8190 3000
4 10260 3000
5 10800 3070
6 10820 3090
7 14710 3070
8 18640 3090
9 18680 3150
10 20100 ) 3180
11 23060 3070
12 23080 3130
13 25100 3130
14 27492 Failure

Roughness = 10044~
Bresk = Fillet
Ave, Load = 3080 lbs.

Stress = 43,600 pos.i.



TABLE XXXIII
Test 30 Approx, Gage Setting 269 PoBolo
Reading Cycles Load (1lbs,)
1 1780 3305
2 4590 3370
3 4600 3300
4 7930 3320
5 11360 3270
6 13200 3350
7 16800 3290
8 22338 Failure

Roughness = 100 «t
Breek = Fillet
Ave., Losad = 3300 lbs.

Stress = 46,700 p,soi.
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TABLE XXXIV
Tegt 32 bpprox, Qage Setting 280 p.s.i.
Reading Cycles Load (1bs,)
1l 1720 3420
2 4510 3610
3 4530 3530
4 5570 3440
5 5590 3310
6 11430 3440
7 11450 3370
8 12754 Fellure

Roughness = 100
Bresk = Normel
Ave, Load - 3420 1lbs.

Stress = 48,300 p.soi.



TABLE XXXV
Test 31 Approxs Gage Setting 300 p.so.i.
Reading Cycles Load (1bs.)
1 80 3330
5 110 3350
3 3850 3540
4 3880 3720
5 8570 3460
6 8600 3640
7 8680 Faeilure
Roughness = 1004
Break = Fillet
Ave, Load = 3505 lbs,
Stress = 49,500 po8oi.
TABLE XXXVI
Test 33 ' Approx, Gage Setting 310 p.s.i.
Reading Cycles Load (1bs,)
1 80 3660
2 100 3600
3 3906 3630
4 4000 No reading
5 4924 Failure

Roughness = 100 ya
Break = Fillet
Ave., Load = 3630 lbs.

Stress = 51,300 poso.i.



Teat 20

R@Ming
1

~ W

Roughness = 100 &«
Break « Fillet

Ave, Loed = 3850 1lbs,
Stress = 54,500 pos.i.

Test 37

Reading
1

2
3
4
5

Roughness = 10040
Break = Ngrmel

Ave, Load = 3840 1bs.
Stress = 54,300 p.s.io

mw_%@
TABLE JOXVII

bpprox, Gege Setting 320 pos.i.

Gyeles
66
500
7700
8310

TABLE XXXVIII

Load ( 1bs, )

3720

3890

3950
Fellure

Approx, Gege Setting 320 p.so.i.

Oycles
30
50
1620
2640
2916

Load (1bs.,)

3680
3680
3940
4060

Failure
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TABLE XYXIX
Test 21 Approx, OGage Setting 340 p.soi.

Ne readings. Mechine broke down efter 20 cycles.

Roughness = 100 (.«

TABLE XL

‘Pest 36 Approx. Gage Setting 340 poSoi.
Reading | Cycles Load (1bs,)

1 30 3820

2 140 3880

3 200 3940

4 540 4100

5 5€0 4120

6 TRk Failure

Roughness = 10Q¢L,
Break = Normel
Ave, Load = 3970 1bs.

Stress = 56,100 poseis



TABLE XLI

Test 51 Approxe. Gege Setting 210 pesocie

1 20
2 .-1390 2600
3 3790 25L0
b 5060 2600
5 5260 2720
6 8300 2650
7 11700 2500
8 17400 R 2520
9 20250 2630
10 29600 2520
11 34850 2500
12 42096 Failure

g

ghness « 2@@//
Breaek - Fillet
Aveo loed = 2580 lbse

Stress = 36,500 peSoio



TABLE XLIT

Test 45 Approxe. Gege Setting 220 peseio

2 700 2570

3 3400 2660

b 6750 2670

5 10610 2690

6 12030 2670

7 15790 2720

8 18250 2700

9 22800 2720
10 30140 2720
11 37662 Failure

Roughness = 200 (
Break - Fillet
Aves Load = 2660 lbs.

Stress = 37,600 pesedoe
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TABLE XLIIT

,&pproxa G&g@ Setting 229.@ PeSedlo

Gyeles

1 4o

2 1180

3 3220

L 6420

5 8310 2880

6 11450 2910

7 1160 2930

8 17700 ' 3010

9 20200 2980
10 23430 2920
11 26432 Feilure

Roughness - 200 u
Bregk -~ Fillet
Ave. lLoad = 2920 1lbss

Stress = 41,300 pesSeie



Test 5h

. Readine

W o N 6y b & WwN

Roughness - 200 u
Break - Normal
Ave. loed = 3010 1lbse

Stress = 12,600 pegois

=43
TABLE XLIV
Approxe. Gage Setting 250 peseie
Cyeles

230

5216

7220

7530

1280

16270 3030
19450 3080
22840 3070

25972 Failure
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TABLE XLV
Test L2 Approx. Cage Setting 260 pesoie
Beading Cycles 1oad (1bse)
1 ho 3400
2 1160 3k70
3 3180 3100
b 4170 3200
5 5220 3160
6 7350 3220
7 8160 3290
8 9250 3230
9 10100 3230
10 11374 Failure

Roughness = 200 u
Break - Fillet
Ave. Load = 3255 1lbse

Stress = 46,000 peseis
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TABLE XLVI

Test Ll Approxe Cage Setting 280 posgeie

Mo resdings. WMachine broke down

Roughness = 200 u

TABLE XLVII

ﬁ@gﬁ b9 Approx. Gage Setting 280 pegeio
Reading Cyeles Load (1bse)

1 40 3540

2 2520 . 3420

3 4,090 3440

b 6940 3440

5 8210 sh20

6 10810 3530

7 10830 3460

8 12550 3450

9 76 Fallure

Roughness = 200
Break - Fillet
Ave. Load - 3460 1bse

Stress = 19,000 pesoie



BT

TABLE, XLVIIX

Test Ll Approxe Gage Setting 290 pesele
Reeding Cycles

1 ho 3630

2 2010 3630

3 4360 8650

4 6820 3590

5 8150 3630

6ﬂ 9058 Failure

Roughness = 200
. Break = Normal
Aveo Load = 3625 lbse

Stress = 51,200 pesele

TABLE XLIX

Approx. Cage Setting 300 pesele

Oycles
1 40 3312
2 500 No reading
3 Machine falled

Roughness - QOQ/w
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TABLE L

Test L6 Approx. Gege Setting 300 pesele
Besding Cycles Loed (1bse)
1 L6 3580

2 7680 No reading
3 26L0 No reeding
b 3690 No reading

5 Electrieal failure

Roughness = 200 )
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TABLE L1

Approxe Gage Setting 310 peseioe

Cycles
1 10
2 36
3 ' 50
4 720
5 730
6 1230
7 1250
8 1770
9 1800
10 2680
11 2700
1z 3150
13 L670
14 5390
15 6280
16 7850

Roughress - 200«
Break - Kormel
Avee load = 3705 1lbse

Stress = 52,400 pesoie
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TABLE 111

Test 40 Apprexe Gege Setting 310 pesele
Reading ~ Cyeles
1 30
2 | 1o
3 810
L 820
5 1120
6 1140
7 2380 - 3640
8 24,00 - 3700
9 3150 3710
10 3170 3710
11 3710 3660
12 3720 3800
13 5000 3620
1l 5010 3570
15 64440 3590
16 6940 Failure

Roughness - 200 «
Break - Fillet
Ave. Load - 3680 1lbs.

Stress = 52,000 peSeis
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TABLE 1111

Test 47 Approxe. Gege Setting 320 peSeise
Reading ' Gycles Lood (Ibse)

1 | 88 3550

2 100 3670

3 640 3790

4 650 3820

5 /%QQQ 3770

6 2h50 3820

7 4140 3810

8 5270 3810

9 7556 Pailure

Roughness - 200 u
Break - Fillet
Ave. Load = 3755 lbse

Stress = 53,100 pesSeie
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TABLE 11V
Test 52 Approxe. Gage Setting 320 peSeis
Reading ' . Losd (3bse)
1 - 30 3650
2 390 3610
3 800 3720
b 820 3559
5 1260 3570
6 1280 3540
7 2050 3740
8 2870 | 3740
9 3200 3830
10 3420 3830
11 4960 3850
12 6210 3730
13 ' 7234 Fallure

Roughness = ZQQ/M
Break - Fillet
- Ave. load = 3710 lbse

Stress - 52@5@@ PoSole



Test 53

Readinm
1

2
3
b
5

Roughness - 200u
Break = Hormal
bveo load - 38&5 1bse

Stress = 54,300 pesecie

Test 50

Beeding

& W M

Roughness = 200«
Break - Normeal
Ave. load - 373@ 1bse

Stress « 52,750 peSeie

=56-
TABLE LV

Approx. Gege Setting 330 pesecioe

Cieles
2y
40
540
780
1016
TABLE LV1
Approx. Gege Setting 340 pesoie
Cycles . Load (1bss)
20 3660
75 37125
150 3800
300 Failure
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Fig. 3

General View of Machine

Fig., 4

Hydraulis Section



— éz_.

o IV OEDS INILEZL DI TBSTAS, MAA LN B
., Bolow . e EOLYTININADOYE
L oA AR

B —
\\Q.
—
wf.lf{.w? ot .

1
§
§
i
{
b
i
{
1
i
|
|
B
4
i

MML_LWM

f
‘
i
1
)
i
il

AR SR A I D LEUER TS Tt Tl Ll




63"

SUNIOD |
. e TATEA D7
| TINCS TS

m TIO m

AN
LONT

FQLOW
ONIH L HILIAS

- FIVIHOVIWN W22 D I CAH
. MAN Vb2
9 "9/

\

o ir_;”o‘

\O o (o]

/ L vowioo \ |
N N 7 G
STINITAD

Of TS OA M ML

\ _ N.u N7oW
LN

IS ININT




-69-

)
R
i Mw
T ;
P e——
nru,ﬂdzg?nu& i ’ H SO

f

s 7
END LIEW A YDRAILLIC TESTING MAL A I AE

H
H
i
i
!
i




(M DU Olted KA STOTHISO 4r05)
NOLLY D/ 7o TVO7 S0 AT2LS
&1/

_65‘.

- -bod b |- b N ot op
A7 @4 g wazlov] | ..bW j¢elo
mn
. * /
N | Aviol| s N
AT T KA UDERL (7 =
\A // * qy
CyA Ao M| DA T a7 - g
a 2y X - RECELEd deds
7oy 7 \Fo| Word v pa 4




_éé_.

T T -

ERANVALEN T ELEC TRICLOAL 00

/
|

[ 025” | \
I ”

e IS N N

s ome ewes  emw won oo ewmm

o

EGUINALEN T ELECTRIC LOAL -~ 30007

ACTUAL TEST ELECTR/C LIAL

FrGe. 9

TYPICAL TEST FLSHT AS FUMED



—67-

Semple Test
) GoholaColoTs Date
Geage Structures Laboratory
Boughness
Reading No. Bleetric Load Cycles Height Actual Tensile
Inches Load lbs, Load p.s.i.
1 1000 4 0,27
2 2000 4 0.85
3 3000 4 0.81
4 4000 4 1,08
Ave, 0,27
5 4. 0,70 2890 36600
6 4 0,70 2590 36600
7 4 0.70 23590 36600
8 2000 4000 0,60
9 3000 4000 0,91
10 4000 4000 1.19
Ave., 0,30
11 ‘ 4000 0,78 2600 36800
12 4000 0,78 2600 36800
13 4000 0,78 2600 36800
14 ) ~ 1000 8000 0.20
18 2000 8000 0,40
16 3000 8000 0.61
Ave, 0,20
17 8000 0.52 2590 36600
18 8000 0.52 2590 36600

19 : ' 8000 0,51 256860 36000



Reading No,

61

62

64
65
66

Failure

\68_

Flectric Load Cycles

2000 76000

3000 76000

4000 76000
Ave,

76000

76000

76000

77380

Fig, 10

Typical Date Sheeb

Height Actusl
Inches Load 1lbs,

O.44-
0,67
0,80
0.22
0,57 2580
0,57 25690
0,57 2690

Fillet Breek

Tengile
Load PoesSeie

36600
36600

36600
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