
UNCLASSIFIED

AD NUMBER

AD852689

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 24 MAR 1969. Other requests
shall be referred to Army Missile Command,
Attn: RS, Redstone Arsenal, AL 35898.

AUTHORITY

USAMC ltr, 1 Dec 1972

THIS PAGE IS UNCLASSIFIED



A 0

REPORT NO, RS-TR-.69-2

I Io i

RAPID HEAIING AND LOADING
OF 5052-1134 ALUMINUM ALLOY SHEET

by

John H. Honeycutt

00I
March 1969

This document is subject to special export controls
and each transmittal to foreign governments or foreign
nationals may be made only with pzior approval of this
Command,. ATTN: AMSMI-RS.



24, March 196-9. Report No. REu+R.94"-

-RAPID: HEATING, AND LOADING'
OF 15~ 34 ALUMINUM ALLOY SHEET

by.

John'H. Honeyc1uft

DA ProjectcNo. 1T24401-A!28
AMC-Management Structure Code ~o.-621'4401 A.00.007.D]

This, d ~ument is subject to special expoit controls
t apd each transmittal to foreign governments or foreign

fiatioidils may be 'made only with prior approval of- this
Command, ATTN: AMSMI-RS.

Materials Engineering and. Development Branch
4 ~Structures andMechan ics Labora'tory

Research~and Engineering Directorate (Provisional),
U. S. Army, Missi le Cohimand

Redstone Arsenal, Alabama 35809''



ABSTRAC-T

the, pýuýrpose of this ,report, is to make, available to the- design engineer
tensile propert'v data on 5052-H34 aluminuim under conditoionsof rapid heating

4ai anblQding.

The tensile property data-reported are: ultimate tensile stressi ultimate,
yield stress (at 0.2 percent offset), elasticý modulus, percent total elongation,
-and percent uniform elongation. The~uniform elongation was determined-only at
6.0 0045 -in./in./sec on the transverse specimens.

Thes-tensile properties were determine&dt strain rates of 0. 0045,.
0. 0262, ,and- 0.0419 in./in./Sec and at temperatutes •hrom 'oinitemperature
(79 0F)-:.tc700`F at,100-detrreeint6ervals, excjluding,1000 anid 2006F. The time
required to reacrrftb. test temperattirewas, in most cases; -less thdn-. 10 seconds.

In addition to the tensile property- data, -th-agie-of friachre of the
material was also determined. These data are presented as byproducts of-the •
tensile property data and only to investigate the possibility of establishinga
trend for-the angle of fracture at different strain rates and~temperatures.

Primary consideration is given to uJttImate tensile and-yield properties.
Other tensile property data reported are, secondary and should be used for
design criteria only after consideration has b V&givento the methods used-for
obtaining~and reducing these data.

'" •The strength properties of the test ir,ý,terial'increased, with-An increase
in strain rate from 4000 to -00OF. However, from room temperature-to

4060 F, the strength properties showed almost no change with respect to strain
rate.

All- tensile data indicated a decreasing trend With an increase in temperar-
ture except for total elongation, which established an increasing trend' withan
increase in temperature.
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Jy~~~~u10.kc Odniu.~~v ~ eb~~id~ed-* 1rensile propertty evaluationr
at' er-atreian These Arke. 4014-0- 2024-T3,

7_0751O and ,5052-4l34, At,4his;-mqi, only the 5052ý-T34 alloy, has, been.

The-ontollig fcto forThestriny~esi beused-is the test equip-
n~nt- P.nw-cm banc Thoetosf- s~ix rtes a.xe 0. 004 5. 062f2 'and

~ Th'iaraesarq -notrd cOnstaint and are- an- average, of
the s14rn14 ra-tes4 for- each-.teat coui~tiba.

Thtý tv~nipeqrrturdjbi -o-this inve-stigion agd~rx om eprtr
(~~~S ~ ~ uvl toq"p~~: intervals, exeiudiii~g 1060 adt 20Q*F. Theltest

~a~Pies~a T~st~heted nd he empeatue mnually controlledby
~Isi~Uy ROMioi~a ~mcu~ utpi. 'the timne required- to, reach~test.-

- tenmp.)4rnttxtO jv4a-: approximatejy 10 seconfds £,QV all spec, ý ens.

to record thOetest, ah jX-Y ecootder wavs employed at the slowdr
-atrAin~rata -(0O 005 in./ifif--ec) At-th6-other- two strAinxrates (0.,0262, and

0. c1 n/in~ec) an sciloscpe with Poa~'od cmera.-was usetoI

tpeotdthe-test datit. ~The roaon- for -the ,iistki'~nientation-change 6;is that the
X-Y ~cor4-slew rate :ls'20 Ai/sqc and- the loadingt-ite d-ofthe specimens at

thc~wo aste s~n tae~ s geater than 20 in./scc, which~is-tooý fast for-the

The un~~ ofpecmei r~q 4tes~alis-a-data -point was-two
'fth at.grd within, l0%per~ent. If the -data did.-not agree within 10 percent,

thtrd~peci ~ -o wa ieted.

4Theý daxa, ukled'lo 'plot- the-jcurves are averages -ofihe the two or three

>Testiig- of-the three.othek alloys is being -held in abeyance until new test
Iequipmczt~ i nptalled.. _'hisnvrex% equipment will provide a controlled 'strain

Tlhie 5052-W 34, platotlal: used'.for this test -was a sheet,
36 ~ 30 rinches x -O,,:0AyaiOh~tbich, furnished by the Rleynolds Metals- Companiy.

~o he~oi~7~nipsxton ass~ip~id.The test specimien configuration is



i'3. *rest Equipment

'A A The -test,,equipment used. for tensile. loading of the -speciln'enwaa
Model TT-D Instron universail testing machine with a full scald lopadcapabi 1ity oft
2(,j3100 'pounds. Specitiens were resistance-heated by use of a Marqiadt- TM96

'~ A power coiitriollei'.

Terecorder :lnstrument usd o the -'-wer strain rate- 0Oý045-
* A, _-in.Iin./"`sec)' was a-'model, 2D Mosley X-.Y recorder. A Tektronix Mode,1- '02 A--

dual-beam -oscilloscope with Polaroid- camera -atached wasý used'to record Idt~a
at th6 two. f aster strain rates ý(0. 0262 and 0.0419 in./iii./sec)-.

" The; temperature of the specimen was controlled manually- Outring-
/olbservation of the temperature rteco~rder. The temperýatutre reckorder moni-"

tored a-chiornel-alumdl thbrmocouple., which-was attach6d to-the center of the,
A AAgag 'lengt if the specimeni by percussive Vveldin~g. -

The- specimen- strain was- measured by use of a- clip-won type. extefijorneter
A -~'' over the 2-inc,h gge length~ oifthe specimpýr,( Figure 2),.

AA A block diagram of theytest setup and associated instrumentation is
-shown in. nur 3.

A 4.0 Data Measurement

AThpe spqqciqen_lod was, measured with use of an- Instron loadcelL
This is, an electronically calibrated,,'strain-gage type ýof -load cell with load
ranges of 50)-, 1000-, 2000-, 5000-,1,0- ad,:0ponrne.

Strain measurements were made with use, of the clip-on type extensom-
ete'r. Th's-extensometer consists ofa 0. 5-inch, wide'by 3-inch lon'g/piece, ýo

' ~spring steel with appropriate clamps 'fastened to each end (:Figure 2) . Ther~e,
are 'two strain gages mounted on both~the tension and co presion~ side of the

'A sprin g. The extensorneter bridge network-and physical.arrangement of the
kgages are shown in Figure 4. This bridge arrangement is, su~ch that s$train,

signals in R, and R3 are additive in one direction and, those'.of fR2 and-1R4,are
additive in the other direction, thus prodkkcing four times the -electrical- ou put
of a single'strain gage.

A ~The strain rate for each test condition was measured'by use of the.
second bea~m on-the oscilloscope as an indication of strain -ordy. A.pulse

,geeraorcaused the second beam to be, displayed on the ~oscillosdope ,at aý
predetermined time, interval- of 15', 30, 60, or 100 milliseconds.

40



Te srIn tate xieporteco dadhacohdiftibh. -i,- tlcfatdfO e
loadsraiycui7vos cotatendition-. h- ra tAMVascilad-v the

pdrtionotecg frn 6 erotraolfoth opr ilt- ofset -ifeM d~pintnd,
0s'thVeragj _8tr ai _rai7toe - ! ea:6h AdiVid ua~s s6 _Pe ,(1Igdre,5),.

4tvllcaes hestaih ashow~d A de n1;4ji, 1§6e e-
re -h is proportio a-l___irit. 'TUiý.i-reae h:Fi'ýers'dI iso~brn he-crosqý

parts such. -ii!ý the ýý Joad 011. -'uaiversalJW 4b&`san spe~iqihien.

g ~ llhoutlde" s-

TP'pe~tre a~ireie~s -werra~d~di ctly i oie a ýeIr$dt N
¾ me.6ter, wbihiAh csalibratooi*Apgreqs ~FahrenheiV;. --,he, et: Was, enj

specmen.Them -be~ettr vs inatuallyr controlledbec~useo-othe slo

4 ~rpos~tb~en~yeatue c~.of the op~ia~mtic temp~eratuitelgcontrollier,.,

a gage. fo4 i en.c gage length. In so~diie gtanides, theý,sppbi~-

-mens ,.that- we fundriAt othier t~ha. room--temperatur.6 arced- upotdia~trean
causedthde ends -f tefr 'zdpar of the specimen t~o nelt (Figur .
Be3cause-;of-the- arcinig .q~i :onsequent melting-of-flhe mateikial, ýit*'ws ndt-
possible to.-measufre-thi ýpcent tota~l eloxhgition with A consistent degree- of
acciurapy' In ftr eto his type, elongation measurements Will be-taketi
-from the load-strain- curves..

The uniform elongation 1-anasurements were taken -from the recordbdý
data-of the balibrated'extensometer.,

~ Uftiform,-esl~ngation was not included in the initial test plan. Therefore,
the extensometer was calibrated only to cover the range-of the spe-cimens that
would show the O,. 2 percent offset yield. At ablter time, a decision was made
to report-uniform elongation data. This required the installation of a. new.
amplifier in the existing instrumentation'to improvg the linearity of the
6xtenkroineter signal-so that the en-tire elongation otthe specimen could be
ýrecorded.

In, -- vious~tests, , the linearity, of the -extensoiaieter output was not C nh-
sidered Important past the A~. 2 percent, offset yield. Figure- 7 shows the tv, o
d~ffei~ent curves with thie improved linearity in the extensometar signal.

3
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"' han fte of 'fracture ofeachOspecimien was measured with an adjustable
.ptotractor. A fracture perpendictlar to the load axis was.cofisideied a fracture
angle of zero -degTees.

1,0

5.-rest r~ce~ure

'Specxi,,ens oriented in both the -long#tudihial and transverse directions-
"-m -o Were evalmated. I'he, longitudinal sodcimens were tested-first. The test was

'started at- the fasto- *'strain rate (0.-04i9 in./in./sec) ýand at each strain, rate.
specimens wer~eAt6ed at 7000, 6000, 500°, 400-, and 3009F, and at room
"temperature. At enk,4 temperature, 6nily ytvo specimens were tested if the
tensile data agreed;.ithin 10 percen.t. If the tensile data-did- nota-agree-within
10 percent, a thifd sdpgcimeft was-tested. The average-tensile data ,from-the'two

-' or three speclm6nu wre theii used as the- data, point to-construct all 'curves.

At the begin±ing 6f each test, all specimens were marked-and mziasured, 1
.and their'areas calculated and, recorded.

.Before4t•e'beginning of each testperiod, a sample specimen was
mounted-in the test-machine, and the temper'ature gradients were checked.

. • When necessary, adjustments were made to keep the .temperature gradients
- i- • within-io0F or less over the, gage length of the specimen. 'Periodic checks

"were, made as required duriag the test period to maintain, this minimum tempera-
ture egradient (Figure 8),.

-. , -?A specimen was clamped in the machine and a thermocouple percussiv'Iy

weld,(d to the center of its gage length. The thermocouple was used to control
and.-measure the 'temperature of the specimen. Next, the calibrated extensom-
eter~was-'clipped on the-speciien and'the specimenbrought up to the desired -

temperature, within 10 seconds or less. At this time, the load was applied to
the specimen andathe lad-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
-X-Y recorder at the slower strain rate (0.0045. in./in./sec).

Durlifg the test, the temperature was manually controlled by observation
-- aa - of the temperature meter. Manual control of the specimen temperature was, - -

held withinU,-0°F throughout the specimen test cycle.

The, ultimate strength- and 0.2 percent offset yield were determined f&`om
each calibrated load-strain curve. - Modulus of elasticity was measured -'oz i
the slope of the elastic portion of the load-strain curves (Figure 5). Total
elongatfon Was measured by use of a Riehle percent gage and the angle of
fracture was measured with a protractor.

4 a
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The strain rate for each test was calculated fr6oi4 the timing, informa-.
tibn on-the oscilloscopeietace as recorded on the load-strain curve ý(Gpper
trace on the load-strain eurve, Figure 5). As Shown in this- figure, the strain
rate is 0.026 in./in./sec, fromi zero strain to the 0.2 percent bffset ,ield load,
on the strain axis. From this point, 2 centimeters out on the strain axis, the 0
strain rate increases to 0.046-in./in./ser. The reasons ,for the lower strain
rate, are that pull rods, universal joints, 'load cell, and specimen shoUlder-s.
have some-elastic, deformation that takes up some of the ,moVement,6f the / /

crosshead, which traveis At a constant rate. Tjhe strain-rates reported here
,are average rates ,taken from the start of loading to the 0.2 percent offset
yield strength. J

Uniform" elongaticn ,ofthe test samples -was conducted only on the
transvorse samples at the ,slower strain rate of 0O 0045 in./in./see. 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 calibratedextensometer.

SFig•'ie 9 shows aAtypical load-,strain curve from which the uniform
elongation is calc ulated. -i

6. Test Results

The -results of these tests are shown in tabular form in Tables, I
,tlrough -VI. The--ctrves~representing theýaverage, utbilatedwvalues=are-shown-
"in Figures 10 through 26. The data points of each cur'e arean average of, either
two orjree specimens as show-•no the tabulated data., . "

a. Tensile Properties

Ultimate tensile properties decreased wolerately w. " a an
increase in temperatureup to 400°F. -However, past,-4.000 F, the stfx -,

properties decrease sharply to 700°F. Conversion of data points at 70t,,KF
suggests that all strength characteristics are deplhted at this temperature.,

The strain rates appear to have almos*t no e6ffect, onstWss values eXcep,,
above 400°F. In the.temperature range from 400* to 70,0 °F, the stref level. K
ipcreases with an increase in, strain rate. Transverse itnd longitudinaf curves
show the same trends except for a point at orom temperature anr"O. 0045-

in./in./sec strain in transverse cx-ves. Data for this point were taken from a -i
different lpt of 5052-H34, which had an-increa-se in-thiclmess,of 0. 013 inch.
The reason for this particular point being lower than the other points at-this

same condition could possibly be attributed-to "size-effect."

o ".1
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bý; Yielclkoperties of 0.2 Percent Offset--

The 0.02.percent offset yield:curves for both longitudinal and
4 i "- transverse data show -pproximately the same trends as the ultimate 'ensile

curves, The transverse curve also shows the low data pointat room tempera-
'ture-and-0.0045 in./in./sebstrain rate. .

0¢

S; • The- elastic -modulus curves show a decrease in modulus with
:<•• •• • . +"•if .... incr~ease in temlperature,. The chanxge in modulus value with~xespect to-• •
So " • 'strain rate •is moi~e pronounced for the transverse specimens than for the
• • ~~ldngtuialseie. At'the faster strain rate the transverse specimens
• > • - xhibit higher-rimodulus~values at corresponding,temperatures than the

•' •: •ilongitudi'nal specime-ns. At the~slowes~t strain'rat6 just the opposite is true.
t"hitU 4Sthe. modulus •values at corresponding temperatures are higher for the-

S i ~longitudinal specimens than for the transverse specimens. (

"+ l At the intermediate -strain rate, both the longitudinal and transverse

t specimens have approximately the -same modulus value- at correspondig ,

-• ! temp4i'atures, the greatest, deviatiori in the -two curves being 19 percent at .

• o The longitudinal' specimens are observed to converge at 500°F and

'• o oremain at-approximately'the same~modulus values at corresponding tempera-
°' !-:• i • •-turesý,throughout~the-or-emainder.oftýhis• •. .. test. •

d • dý. Total Eionfgation

4 -i

" i The total elongation of the Ion iudinal specimens showed
i• • !little, change- from rpom temperattire-to 3000°F. However, from 300" to 700°F
S ithe total eion gation- ncreased sharply for each strain rate. The slow, inter-
¢ i: •mediate,, antifast straini~rates, at corresponding temperatures, exhibi,1 greater

i ~~total elongation respectirely..

Thetrend for total elongdtiourof the transverse specimens shows win
'aincrease ind!ongation with an increase in temperature.l The transverse test

Salso exhibits, an increase in total elongation with- decreasig strain ratetexcept
"eifor values at 700uF. Alues at tm ratti-kentemperature, tha the faster,

strain rate is greaterthan t th f theiermediate sttain rate. This is prou
ably caused by-the arcing andmoelting of the mpecimenimmediately after fracthre
pigures 27 and 28 show the specimens usedtoconstvuct this data point.

I 1

Th ogtdnlseiesaeobevdt ovrea 0 0 n



'Specimetiý -A r-epresent ,the iriterrfiiediat;sEit~iain raýte at -70 0 F, and,,specifnens b
repeset te tststrin ateat700~. t i ntewqrthy. that specim s2B s ho,*

no aýrdtng. These ,specimens wee-rvne rmacn ycuttinglthe- ,r6wer
input mvediate~ly before, frdiicur.Hwerspecre A- were r-un- wlithfull
Ppower -until, aftorA' actlure gatising. arcing and; reltingt of the specir-nn's,.

JAsjpevioutsly stated-, ýallftuke mneasureijients, of-this-type wil~be taken
'from .the recorded dataý rather ,than ,,frpm merasuirements by use. of "the Riejile
percefit~gage.

e.Tniform EiPngaticii

V niform, elongation,- was Jrepcotded only for the slower strain r~ate

Uhtlniform eloingatifri is'considered to-'be the elongation, of-the specimen,
thtoccurs ,befojre any devrease in load is observed on~the recorded data. It is

therefore the'- useable elongation, in design., All the' uniform el~ongation data were
taken rfro6m theX-Y record~erý. The trend of ,unifo-rmel'ongration in relation to
;temperaturel.s juqst the'reveirse of that, exchibited by -total: elongation, decreasing

wit. icrasig tfipertl~e.On the iihissile ,lesigti, this type, of data, can be
ekxtiemely -important where low factors of safety ýinherent' in "one-shot" hardware '

are, used--

.Angrleof Fracture

The angle of fracture for both,'longitudinal and transverse
specimens varied ei'ractically with temperature,. There is a niaxLfmum, ,change'
of, only 2, d'egrees-'from,,room~temperature ýto'300 0 F for'the'transverse speci-
mens. 'From 3000 to 5000 F, the maximum differential occurs for-all strain
rates. From 500 0 to 700 OF, only a: slight Change of 3- degree s.is~noted -for any
of'the strain rates. At all strain rates and corresponding temperatures, the

anl f~cueo tetases pcmens is greater than the angle, of
fr'acture of the lon1gitudinal 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.

13



The stesu fo l ri ae show-an incdrease
In sires -with qecrasingltdper~ue these exc pti s,
are the -r oozitdm~ten*er'a-ttfre d ses uryýs adO.0262:in.j /i. Lsee stiain ad ,at

O04ini/ecstrin.,, T ',oontemne ilatte ft~ f or t he _,A26 Z
ln./in./sec straiivrajte has aIstress lee ~~eih 00andA00Pvcr es.
Th&,rointipaj7pO v 6

abveal phe urve up &.vaiue`ýqorr"sponig, tolOiA0O4Iiijin. Atrain.i
5--

500 -Y cur~res'

The ~ ~ ~ ~ ~ ~ i eftficr dtriat owanicase ,Im~stress l~la
coreo~i~qtmperattir t fotd ohteiniuia an~rn ers~peimens.

7. Clnfuin
ARl jropei-ties-.evaluated in týhi~s test fo'iowed-pre6viousl -established

trends -with respect-t ;id~ee~an tblse
trend reportbdflr unf I -eixgto 0ah~tbe tfouhd~at te-time of this
writing.,

to esta~bl'igh.unquestiona~ble~li-tenids-with respect ,to strain-rates, i~nd~ m dtcases.

3000.JFof the lonigi uinMa curveg-gke ekahiples of-ithis condition,

Forldesigri of missiles, the ,uniform elorigation-Is-c~onsidered to be of-
-significant importance And considerably mnore, quiantitatiye data conce~rning this

- ~parameter, shodid, be genertd

14



I in.'R YP

o.50 in.MATERIAL THICKNESS
1/8 in.R? TYP 'GAGE WIDTH aA ,

114 in. Tin 114ngf______

The~thickness of machined specimens within the reduced section shall be iuniform wiithin O.O1O-Inch.

The ends of reduced section shall not differ in width by more than O.002*irich. There may~be 6.
giadoalitaper-in width from the-ends~to the center,--but the width at either end shnff-not be more
than O.Q05-inch greater than the-width at the center.

FIGURE 1. DIAGRAM OF TENSILE SPECIMEN

FIGUE 2..(3IP-O EXTNSO ETER ANDTES SPEIME
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'GAGES I AND 3 (TENS.2OR-

GAGES 2 AND 47(COMPRESSION) ~

11 (EXCITATiON)

RI(T) RI \(C)

R4 (P) R3 ý(t)

-~ I (EXCITATION)

FIGURE 4. EXTENSOMETER PHYSICAL ARRANGEMENT ANDJ BRIDGEý

ATE-TWORK
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LONGITUDINAL.
4' 35 ____________ ___________ "0'262 in./in./sec STRAIN-RATE.-
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AT DIFFERENT TEMPERATURES
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