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ABSTRACT

The. purpose of this report is to make available to the- des1gn engineer
tensile propert; data-on 5052-H34 alummum under conditions.of rapid heating
and; loadmg , :

The tensile property data reported are: ultimate tensile: stress; ultimate.
yield stress (at 0.2 percent offset); elastic modulus, percent total elongatmn,
and percent uniform elongation. The- umform elongation was deterrhined.only at

0.0045.in./in./sec on the transverse spécimens:

'I‘hese’censﬂe properties were. determ1ned~at stram rates 0f0. 0045,
0.0262, and:0, 0419 in./in./sec and at temperatures from room témperature
(78°F): tc 700° F at. 100-degree infervals, exclud1ng 100° and 200°F. The time
requlred to reach. the test temperatiire: was, in-‘most casés; less thin: 10. ser'onds.

In addition to the tensile property- data, ‘the- angle of frac,ture of the
material was also determmed These data are presented-as byprodiicts of the-
tensile property data and only to investigate the possibility-of establishing a
trend for-the angle of fracture at differént strain rates and:temperatures.

Primary consideration is given to ultimate tensile.and yield properties.
cher tensile property data reported are secondary-and should be used for
.design criteria-only after consideration has beet given, to the methods used for
obtaining and reducing these data.

The strength properties of the test madterial increased. with an incérease

“in strain rate from 400° to 700°F. However, from room tempeérature to

400°F,. the strength properties showed almust no change with respect to strain
rate.

All tensile data indicated a.decreasing trend with-an increase in tempera-
ture except for total elongation, which established an increasing trend with-an
increase in temperature. S
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% Four dluminiun alloys were safecfed fr tensxle property evaluatmn \ : el
.- at various strain ¥ates andtemporatures. These sré: 2014-0; 2024-T3,. T *
7075+T6, and 5052~H34, Atdhistime, only the 5052-H34 dlloy has been B LRt
: evaluated, ‘ ' : . A
z Thewomollmg factor forthe. stram rates%o be usedts the test equlp- [ P
5 Tyment nowedn hanu‘ These strain pates-age 0.0045, 0, §262, and 5 2 B
H 0.041% 3. /in./Séc. "The- stpainrates are:not. constant-and are an- average of ( o
£ the sirpinrates for_egeh: test condition. - o S
z : : . e
: The tmnps!m‘ure for this mvest*gatmv r'mgedzﬁ'om room. femperature
2 {78°F). to WO Far100°F jntervals, excludiftg 100° ard 200°F, Thetest
: sozaples ge resistoavsheatsd andithe teinperature mannally controlled by v
} visually monitoringa-thecmocouple culpit. Thetime requxred to. reach.test. p
; mxrpsramre Wwas. appx:oximately U seccmds fo : all spec n‘uns. :

’I’o reéord. tha test,. afi "X-¥'" recorder wads employed-at the slowér
strain vate (0.6045 id. fm, fsec). Ai-the other two strainsrates (0.0262 and
Go0419:10/ In:, 'see), aw oscmaacope with.a Polaroid catnera was used to
racord thetest data. ‘The reason for the iustrumentation change s that the
X-¥ pestrder slew rate is 20 in./se¢ and the loading vate of- the Qpemmens at
the-two-faster strain: Tates is greater thad 20:in./scc; which-is-too: fast-for the - -

R

vegorder, : , . i
... The numbwf of gpeciinens required:to:establish.a data point was.two = L
:if,tha d‘gt&, agreed within 10'percent. If the data didsnot agree within 10 percent, '

wthirdspsoimen was teated, » '

The data aved'tn plot the curves are averages of vither the two or thrée
data points recopdods

e B AR A O Bl vy . S o

4 % > T - wz N . . . . \‘*\“
“Testing »f:the three-other alloys is being held in abeyance until new test
aguipmont is installed. “fhis:new equipment will provide a controlled strain
and.an-increase in-tne strain differential. :
: $

2. Test:-Material-and Specimen

The 5052-~E84 matorial-used for this test-was a sheet, ;
36 x 36inches x 0,50 dnch-thick, furnished by the Reynolds Metals' Company.
No cheroitn] composition was supplied. The test specimen configuration is
slmwu in I‘igw:a %
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¢ L The teot eqmpment used for tensile loadmg of the specirens wasa
Model TTD Instron universal testmg machine with a fuil scalé load: capabx'xty of
y 20,,4300 pounds. Specnnens were resistance-heated by use of a Marquardt Tl\‘IS

£ - *power controller. - . i »—;; ’
2 : L The recorder instrument used for the slower strain. rate {0+ 0045
) -in, /in, /sec) was a-model 2D Mosley X~Y recorder. A Tektronix Model 5024
- " dual-béam. oscilloscope with Polaroid camera attached was usedto rer'ord data
e > at’ the two faster stram rates -(0, 0262 and 0.0419 in./id./ sec) B
o : ‘ Tne temperature of’ the specnnen was confrolled manually durmg
g ‘ observatmn of. the temperature recorder. Theé temperature-recorder: mom—-
. ¢ tored-a-chromel-alumel thermocouple which-was attached'to:the centér of the
/ ° o o gage length‘of the speclmen by percusswe weldmg S
o6 o . . E
. The specimen- strain was. measured by use of a.clip-on type: extensometer
N , ‘6ver the 2-1nch gage length ofﬁtne spec1me:/(F1gure 2)s ] 7
- L ' A block diagram of the test setup and assocmtedmstrumentatlon as
.o shownm I‘1gure3 o S
. & e T :ov‘ o, . ~( g . MEENY -
P A v . ’ C ; SR ST

ot >
Y- v .4 Data Measurémenf

The specimen I load was- measured with use of an: Instron load cell..

“This is-an electromcally calibrated:strain-gage type of load cell with load

- ranges of 50’\-— 1000-, 2000-, 5000— 10,000-, and 20, OOO-pound ranges.,

. Strain measurements were made with use of the clip-on type.extensom-

eter. Thwextensometer consists of. a 0,5-inch-wide By 3-inch long.piece of
_spring steel with appropriate clamps- fastened to each end (Figure 2). There
are two strain gages mounted on both the tension and'compression- side of the
spring. The extensometer bridge network and physical arrangement of the
gages are shown in Figure 4. This bridge arrangement is such that.strain

- signals in Ry and Ry are additive in one direction and, those- of Ry-and: Ryaré.
additive in the other direction, thus producing four times the electrical output
of a smgle ‘strain gage:

<,
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. The strain rate for each test condition was measured by use of'the.
second beam on-the oscilloscope as an indication of strain-only. A pulse
‘gererator caused the second beam to be displayed on-the .oscillogeope-at a:

: predetermined time interval of 15, 30, 60, or 100 milliseconds.
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- l‘he percenf:i‘ota ‘e r:rw‘*fn*)zuof each speczmea 'was measureds‘by use of , o
) a Rlehle”percen% gage Tor 1 2ty gage leigth. In some instanges, therspeoiz. : Y
‘metis:that wefée.Fun-at ther tm, Yoom temperaturé-arced upoy: dracture.and - 5

caused:the enids ofithe -frar tmed,part ofithe specimér tovinelt. (F;gure 6

Because-of-the- -arcing-aw consequent melting-of the material, it wasmot . - °
:possible to-measure-the ;per.cent fotal elongation with 4 conmstent degree of o
acciracy. In future-tests-of this type, elongatmn measurements will be taken: S
fromsthe load—stram-curves. : . S

it The umform elong'\tlon maasurements were taken -from the recorded
I -data-of the cahbrated extensometer.. , Y

NN - e
ERS

_Uniform:,eJl’B/ngation was not included in the initial test plan. Therefore, &
the: extensometer was calibrated only to cover the range-of the speciméns that - o
would-show the 0.2 percent offset yield. At a later time, a decision was made
to report.uniform elongation data. This required the installation of a new. '
amplifier in the existing instrumentation to improve the linearity of the

VS TR R SR, A e Y Sk R vhivle ey YL

¥ extenrometer signal-so that the entire-elongation of'the specimen could be .

b4 recorded. ’ . P

b . Fe

. In: previous.tests, the 1mear1ty of the- extensometer output was not ¢ )n-—

g ‘sidered.important past the 0,2 percent offset yield. Figure 7 shows the twod .

%@ . different curves with.the improved l{nearity in the extensomeéter signal, ‘
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The Angle of fzacture of each specxmen was measured with an ad]ustable

protractor. A fracturé perpendxcular to thé load axis was- consxdered a fracture
. > = angle of zero- u grees. ) o

'.:}‘ .

Specm eiis oriénted-in-both the Jongitudial and transverse directions

. wére evilaated. ~ e, long1tud1nal spécimens were tested-first. The test was

i A started at: the faswg strain rate (0.0419 in./ m./ sec) and at each strain-rate.
2PN specxmens were»t\*sted at 700°, -600°, 500" 400", and'300°F, and at room
(e - temperature. At et W temperature, only A Vo - specxmens were tested if the

ou . * o “'ténsile-data agreed” thhm 10 percert. If the tensile data-did not.agree-within

" 10:percent, a thi¥d: sp,(zlglmen was.tested. The average-tensile data from the two
or thiree speciméns were-thei used as the data point to construct all curves.

5§

<

At the bqigi’z}'i;iﬁg of each test, all 7spé;6imens were marked-and mcasured,
-and their-areas calculated and recorded. T

©»

bl
“ 7

‘Before-the beginning of each fest. period, a sample.specimen was
mounted.-in’ the test machihe, and the temperature gradients were checked.,
Wheninecessary, adJu..,tments ‘were mmade to keep the: temperature gradients

* within 10°F or less over the, gage length of the specimen. 'Periodic checks

were made as requiréd during the tést period to maintdin this minimum tempera-
ture grad1ent (Fzgure 8) .. :

N

¢

LS

L

AN S i i g . o M i
‘

¢
<

A specimen was clamped in the machine and athermocouple percusswuy
weld('d to the center-of its gage length. The thermocouple was used to control
and imeasure the temperature of the specimen. Next, the calibrated extensom-
eterrwas-clipped on the’specimen and the specimenbrought up to the desired
temperature within 10 seconds or less. At this time, the load was applied to
the specimen andthe load-strain curve was recorded on the oscilloscope for the
two faster strain rates (0.0419 and 0.0262 in./in./sec) and on the Moseley
.o X-Y recorder at the slower strain rate ( O. 0045-in. /in, /sec).

v

v

During the test, the temperature was manually controlled by observahon
of the temperature meter. Manual control of the specimen temperature was
. held within.+10°F throughout the specimen test cycle.

<y

Y

The-ultimate strength and 0.2 percent offset yield were determined from
each calibrated load-strain curve. - Modulus of elasticity was measured from
~ the slope of the elastic portion of the load-strain curves (Figure §). 7Total
elongation Wwas measured by use of a Riehle percent gage and the angle of

SR . fracture was measured with a protractor.

T, i,

I S T

v

T D Y a3 RS




L R

oAby o bbbk Vn st 0

gl s

EE S

P A I

o4
MR R

)

- y o~ D AL
0 .
\ - -

]

>

The:strain- rate for each test was calculated from the timing mforma-
tion on-the osc1lloscope trace:as recorded on the load-sirain curve <(upper
trace on the load-strain curve, Figure 5). As shown in this figure, the strain
rate is 0.026 in./in./sec, froin zero strain to the 0.2 percent offset »ield load
on the strain axis. From this point, 2 centimeters out on the-strain axis, the
strain rate increases to.0.046.in./in./sec: The reasqné for the lower strain
ratesare that:pull rods, universal joints, ‘load cell, and specimen shoulders

have-some-elastic deformation that takes up some-of the:moveineént 6fthe o

crosshead, which:traveis at a constant rate. The strain rates reported here

.are average rates:-taken. from the start of loading to the 0.2 percent offset

yield strength. . = o
Uniform élo‘ngaticxx ‘of the test samiples was conducted only on the /A

tranfverse samples at the slower strain rate of 010045 in./in./sec. In each
test, the extensometer was left on the sample until failure. From the. data
plotted-on the X-Y recorder, the uniform elongation was calculated by use of
the recorded values of strain: from-the calibrated éxtensometer.

vy R < o S

‘ Figire 9 shows a.typical load-strain curve from which the uniform /f/// {/ K
elongation is calculated. L ST
- ¥

]

(A / :

6. Test Results

The results of these tests are shown in tabular form in Tables I

through.VI. The-curves.representing-the:average tabulated:values-are-shown

in Figures 10 through 26. The data points of each cuitve are-an average of. e1ther

~ two or ‘hree specimens as shown™in the tabulated data..

Wy

F

a. Tensile Properties

-

e
Ultimate tensile properties decreased mdderately Wi an

increase in temperature.up to 400°F, “However, past:400°F; the stm ;th
properties decrease sharply to 700°F. Conversion.of data points at 7017 F
suggests. that all strength characteristics are depl~ted at this temgerature.

The strain rates appear to have almast no effect on sttsss-values-exeep,” ..
apove 400°F. In the temperature range from 400° to 700°F, the-stréss level
increases with an increase in-strain rate. Transverse and longitudinal curves
show the same trends except for a pomt at room temperature anc¢, 0045
in./in./sec strain in transverse curves. Data for this point were taken from a
different lot of 5052-H34, which had an-increase in thicknéss-of 0.013 inch.
The reason for this particular point being lower than the other puints at this
same condition could possibly be aftributed-to "size-effect."
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] P . Co R The'elastic ‘modulus curves show a decrease in modulus with
e . _» -gd iherease in temperaturé: The change in modulus valué with-respect to.

cu A " > strain rate is more proncunced for the transverse specimens than for the
' longitudinal-specimens. At-the faster strain rate the transverse specimens
.. éxhibit higher-modulus values at corresponding.temperatures than the 5
longitudinal specimens. At the slowest strain rate just the opposite is true.
. -That s, ‘the modulus valiles at corresponding temperatures are hlgher/ for the:

" longltudmal spec1mens than for the transverse specimens. e 4

g Zeas

: * At the iptermediate\strain rate, both the longitudinal and transverse
) ) specimens have approxiinately the same modulus value at corresponding
Lo - -temperatures, the greatesf deviation in the two curves being 19 percent at

O IR 111 A T S s ]

« <. > ° v
> - T v 3

AN Ay A g

- -

s

L The longitudinal specimens are observed to converge at 500°F and

I . . - remain at-approximately the same modulus values at corresponding tempera-

G .+ -ures-throughout.the remainder of this test. .
| .

i

k|
o

v < <
- e <

. d.. Toial Elongation

s

{

{

1

}

g The total elongation of the longitudinal specimens showed

(- little change from room temperatire.to 300°F. However, from 3007 to 700°F

1? \ the total elongation-increased sharply for each strain rate. The slow, inter- .
f

]
o

vt AT it ot e e

mediate, and-fast strain rates, at corresponding temperatures, exhibi! greater
total elongation respectively.

L

RN

‘ The trend for total elongation:of the transverse specimens shows tn
S increase in-¢longation with an incréase in teinperature. The transverse test

P

F A,
<

. 2
ks

' ¢ also exhibits. an increase in total elongation with- decreasing strain rate-except ,
: for values at T00°F. At this.temperatufe, the:total elongation for the faster »
strain rate is greater than that for the intermediate stfainrate. This is prok- P

: - ably caused by-the arcing and melting of the specimen immediately after fracture., -

| Figures 27 and 28 show the Spec1mens used to-construct this data point.
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ol 'l‘he 0. 02 percent offset yield:curves for both longxtudmal, and 2
i S transverse data show approximately the same trends as the ultimate tensile %
L7, .7 . curves, The transvérse curve also shows the low data point:at room tempera- a
Dt e ture and 0.0045 in. /m./sec -strain rate. &
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Specimens A represent the mtermedxate stram xate at T60°F and; zspecmzens B
represgnt the fast straingate 46 700°F, 1tis noteworthy that specimens. B Show -
ROo: ax:cmg, These- specimens were prevented from: arcmg by cuttmg :the:, power
foput ¥mmediatelv before fracture. However;Spemmens A were Fun with*full -
poweér untll,»aggrzfgaqture causing arcing. and meltmg of'the specimens,

As prevzously statéd, -all fuuuz:e ‘measurements of-this-type will*be taken
from:the récorded data; rather than from-measurements by use. of‘the Riehle
pércentgige. ~

Uniform-Elongatich

 Uniform: elongation was.recorded only for the slower strain rate
(0.0045 in,/in./sec) on:ike transverse:specimens. ] -

Uniforni elongation is-considered to’be the elongation: of the specimen
that occurs before any-decrease in load is observed. on:the recorded data. It is
therefore the useable: elongatlon in design. All'the uniform elongation data were
taken from the X-Y recorder. The trend of-uniform elongation in relation to
‘temperature-is. just.the 1 everse of that exhibited by total elongation, decreasing
with: mcnegpmg.gtempgr:xture. On the iissile Jesign, this type of data.can be
extiemely important where low factors of safety inherent in “one-shot" hardware

- are-used:,
O

£. -Angle:of I'racture

The angle of fractare for both longitudinal and transverse
specimens varied ervactically with temperature. There is a maximum:change
of only 2 degrees from.room:temperature to 300°F for the transverse speci-
mens: From 200° to 500°F, the maximum differential occurs for-all strain
rates. From 500° to 700°F, only a' slight change of 3-degrees-is.noted-for any
of'the strain rates. At all strain rates and correspénding temperatures, the
.cﬁgln oi fracture of the transverse specimens is greater than the angle of
y @cture of the longitudinal specimens. '

No effort has been.made to analyze the angle of fracture data by
-crystallographic  or other means and:they are reported simply as a matter of
interest,

’
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All propertles evaluated in: th1s test fouowed preymusly estabhshed
- trends with respect to: emperaturefand straing rate. However;, an:established
trend reported for umform* elovgat:on had‘not been foundtat the t1me of this

writmg . S ' L
o Strain rates-used for test*condmons were: not dlfferentlated sufficiently
to, estabhsh unquestionable: trends with.respect fo ‘strain'rates in.most:cases.
The ultimate, yleld -and total- eldngation curves from room temperatute. to . :

>,, 800°F of the long1tudma1 curves dre examples of:this-condition.

N -

For*des’ign of- m’issil‘es the uniform elon'gati‘on is. considered to be of
‘significant importance and considerably more quantitatiye: data concerning tlns
v parameter shoiild:-be .generated. o -

.,
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'fh‘e‘fhiékges; of machined specimens within the reduced section shall be uniform within 0.0iﬂ’jg,qh.

The ends of reduced section shall riot differ in width by more then 0,002 ifich, There may-be o
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FIGURE 1. DIAGRAM OF TENSILE SPECIMEN

FIGURE 2. CLIP-ON EXTENSOMETER AND TEST SPECIMEN
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