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TenS11e propert1es evaluated 1nc1uded the u1t1mate strer\gth,f‘; e10nga— _
,_..“’ftlon,.modulus of elast1c1ty, proportlonal limit, and. yield. strength.: IRED
. .-'.'f{;._*Compressmn propertles evaluated were ‘the modulus of elast1c1ty, pro—
..' ;‘~"->port1onal 11m1t, -and y1e1d strength Ult1mate ‘shear strength and the
‘ .,"'bearmg y1eld strength and. ultimate bearmg ‘Strength. were determmed
Stress Lreep time curves’ were .obtained for total strain’ values of 0. 2,
0.5, 1 O and 2 O%. for creep t1mes of from l hour to 500 hours.,“_" LT

| -j1n the- Exper1menta1 Results sectlon of th1s report

PUB LICA TION REVIEW

' RICHARD R. KENNED
. Chief, -Metals Branch
o ‘Materxals Laboratory
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The data obta1ned are summanzed in graph1cal and tabular form, S

_’I‘.hi.'s report has_been revrewed a_nd 1s‘appr.oved"
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.I' H PURITY -EA"D ND AfO» 058% COPPE LEAD ALLOY

o | -Intr'o'd’u cti ‘on,

';'The propertles of leadf make‘ it the most pract1ca1 sh1e1d1ng matenalz

- : presently available. In the de sign and development of nuclear- powered

~aircraft, the structural problem of prowdmg effect1ve over -all sh1e1d1ng

) - 'with the lowest poss1b1e ‘weight is ‘most 1mportant "and’ requlres ‘that the. .'
' ‘-mechamcal propert1es of lead be suff1c1ent1y known, - However, because
" of its low strength even at room temperature, lead has not been serlously

considered as a structural mater1a1 and its mechamcal propert1es ‘have '
" 'not been adequately determmed In addition, the few studies which have
';':been conducted on the mechan1ca1 propert1es of lead have been at or-

'near room temperature. RS B AR ' T

- The ob_]ectlve of th1s program was, to determ1 1e the tens11e, com— S
' ,press10n, -shear;’ bearmg.' and creep propert1es ol a commerc1a11y pure
'lead and a. lead a110y, at four test temperatures up to 325°F. R

. II 'I‘est Materlal

P The two mater1als evaluated in this program were a hlgh punty
~lead .(Doe Run Brand refined lead, 99. 995% Pb) and a. copperized. lead

(Copperized Doe Run Brand refxned lead 0. 058% Cu), supplied by the'

B WADC TR :7 695

- St. Joseph- Lead Company. The . eutect1c point in the lead-copper system
occurs at approx1mately 0.06% copper. -The chenucal compos1t10n of -
the. two test mater1als is given.in: Table I. In the case of the c0ppper1zed

lead, bars extruded from lot I were used for. the tens11e, shear, and "

' creep. spemmens, and from jot II for the compress10n and bear1ng spec1—'
.~ mens. The analyses are, for all practlcal purposes, 1dent1ca1 for the '
' two lots of copper1zed lead C A D

Manu5cr1pt released bY author 3 January 1958 for pubhcatlon as a S
VVADC Techmcal Report T e . e
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» 4,.-}1Copper1zed L_
Lot I [

S ngh Purlty Lead

99 9398

99 9951
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mto bar forms hav1ng the fOIIOW1ng cross sect10ns.

. Type of Test ' .- Cross Sect1on '

R ._ : Tensﬂe and C'r]e"e-p: -1/2 x 1 1/4 mches
- A'C'S'ompre,ssic:r R 1/2 x 1/2 1nches '

:'v.She.éir'“; ,.: S 1/2 1nch round

ﬁ‘_7tBeéringf f[f fff’, “u-"1/z x'41nches Yf»jf;;jff

The extrusion’ slugs were cast at 900 950°F The slugs were 12

s 1nches long by 4- 1/2 inches. in diameter, after cropplng, with the exceptron - o

. of the bars for the bear1ng specunens Wthh were extruded from a s1ng1e
s .slug, using a d1fferent extruswn press. The extrusmn was done at rQOm
s temperature. e o _ ] , )

'.:"WADC TR 57: 695

The lead was extruded by MOrns P K1rk and Sons,; Los Angeles. R




e the as- rece1ved and in- the annealed condltlons' ‘the copper. add1t1on R

S copperlzed lead about 18 ara1ns per m1111meter..

- rnovable cross- head wh1ch was used to measure and control: the cross-

o m..ned by using the’ deflectometer to measure. cross»head travel, and in this .

o _WAD__Q ‘T_R ,57;6_9,5 -

¥ "_:f_III Test Spec1mens

s The d1men510ns of the four types of test specxmens used : 1n this
'-"',_‘_f'program are given 1n Flgure 1. All test spec1mens were machlned w1th
the1r axes r~ara11e1 to the extrusw " -

: All test spec1mens were ngen an anneahng treatment of 2 h0urs in
an oven-at 4“0°F after mach1mng and prlor to testln g, in order to. rnmove

: "any cold-work w1th1n the specimens due to machining and handhng. The -

“"gra1n sizés of the two’ materials were. consxderably different, both 1'n e S

-acted as a grain size reﬁner. _ The" average ‘annealed grain. size of the
high purity lead was: abOut 0. :>5 grains per rn1111meter and that of. the

L "IV Exper*mental Apparatus and Pr0cedures

The tens11e, compressmn, shear, and bearlng tests were c0nducted
v .-w1th a Baldw1n Un1versa1 hydrauhc test1ng machlne, us1ng a 600 pound R ", _
~ full- scale load range. This machlne, with a forced air convectxon furna.ce,
is shown in F1gure 2. Figure 2. also shows a d1a1 gage mounted on:the .. -

- head travel rate dur1ng tesnna. and rest1ng on the table, a Baldw1n s

deﬂectometer wh1ch was used to record the cross- -head. travel for tests

" -in which. cross- heacx travel wa s used as the ‘strain measurecinent. The '

o spec1men was praced in"the furnace approxxmately one hour hefore 1oad1ng
‘to perm1t the specimen to attain’ the test temperature. A therrnocouple ,
‘was. attached d1rect1y to the test specimen dunng each test and the test
ternperatures were rna.1nta1nea w1th1n hd loF ‘ R TR

A Tens11e Te sts

The tens11e test spec1mens had a reduced cross- sectmn of I/Z 1n'-h
x 1/2 inch x 3 1nches. Flgure 3 shows a tens11e specimen with a Baldw1n :‘
‘microformer: extensometer in place. In this case the central 2 1nches
served as the gage. ‘length. This. extensometer was/used to evaluate the -
o elastxc propert1es in tensmn ‘and .the tensile stress- stra1n curve-to 2%
~ strain, ata cross-head rate of 0 015 in. /m1n for a stra1n rate of 0 005
- 1n./1n /m1n- . - . ' N '

For determlmng the e'1t1re stress straln curve, the stra1n was deter- '

.- case the entire 3- 1nch reduced section served as the gage length For these’
tests, the cross-head rate was ma1nta1ned at 0 150 in. /mln for a straln R
'rate ofO 05 in. /1n /mJn.g»-_ o TR - L
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C oW spemmen w1th a BaldW1n mlcroformer compressometer

B z”',.mmwj:n-_l S ek ewt Do e n o . . . ) R

_ 'I‘he compre'ssmn te sts were: conducted on 1/ 2 1nch x 1 2" mch x 2
. ingl fs’pec1mens, at a cross head travel rate of 0. 010 in. /rmn, for a
’ '-istra1n rate 0f. 0.005 in. /1n /mm. Figure 4 shows the: cOmpress1on test

The central
-l inch served as the gage Iength. Th1s compressometer ‘was used to’ :U
g ,"evaluate the. elast1c propertres in compre551on and the compre551on

N _stress straln curve to 5% strain. - ;.00

_ In1t1a1 cornpre ss1on tests were conducted w1th a cornpressmn sub-: ‘ B
B press. "At the elevated test temperatures, drfﬁculty was, encountered
~-as a result of b1nd1ng of the press. For this reason, all the compressmn
tests were conducted w1thout a sub- press, as’ 1nd1cated in Flgure 4. The
' compressometer was also counter-balanced W1th a'lead block resting" =~ .-
ona pair of support rods as indicated in the. f1gure. A flat ground bearmg
',,"plate was placed on top of the spec1men dunng the test :

o | C Shear Tests

) The shear te st specrmens, ) 1/2 1nch in d1ameter by 2‘ 1nches long, N

"were tested in double shear, using the f1xture sh0wn in F1gure 5. A
»'_constant cross head travel rate of 0. 005 in. /mln was used for these
,V_'.tests. R e DI -

D Bearmg Tests

The bear1ng test spec1men cons1sted of flat 4 1nch by 6 1nch by _
1/2 1nch plate with a 1/2. inch - d1ameter bearlng hole whose center was ' f__'_-_% E
-1 inch from the ‘edge of the plate. A 1/2~inch steel pin was inserted 1n
- th1s hole and pulled at a constant cross-head rate of 0 005 in. /mln.

_ The yreld strength defmed as- 2% offset of the hole d1arneter, was
B deterrruned by means of a small dial gage, . which measured the relat1ve

pin movement and wa's mounted d1rectly on the beanng test f1xture,_
shown in F1gure 6 - : L

_ The stress- deformatmn curve to fracture was deterr'uncd by R
measurmg the cross-head movement and recordmg the load and deforma-.
tron, usrng the Baldw1n recorder. S :

©wapcTR 57695
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E.:.Creep Tests

85 qu1p m e‘nt

__“The creep te st umts used for thlS program are shown 1n
' -One: creep un1t ‘was used for-each test’ temperature. The
:'furnaces for ma1nta1n1ng constant test temperatures consisted of | o
o ; 'cyhndrlcal tanks -10. inches in dlameter and 24 1nches long,.w1th a vertx-:-:'; SRS
. cal, 2-inch-1. D, tube’ passing through the center of each tank. The = .. *.
: spec1mens were heated and te sted in an air atmosphere w1th1n the tubes. PR
. Suitable. pack1ng was used at t"le tube ends to; prevent a1r convectlon P
; through the tubes.~ L ‘ : S ‘ L

The spec1mens were loaded through 5 to 1 1ever arm systems _ ST

R . the case of the lower. two test’ temperatures, and by dead- we1ght loadlng" hLy
. 7 “inthe case of the upper two ‘temperaturés. The test temperatures of o
a4 7 7100 and 175°F were ma1nta1ned constarnt within+ 2°F by water and g
:,thermostatm control the test temperatures ‘of 250 -and ‘3250F were
‘ .'mamtamed constant thhm hd 1°F by b0111ng glycol water solutrons and
"'A__‘condenser systems. R S R L

- An assembly of a creep specrmen, pulhng bars and extenso- Do
o meter i5- shown in Flgure 8. ‘The central 2 inches of-the specimen’ served T e
.as the gage length The gage b10cks were attached to the specnnen by )
rneans of four hardened, comcal p01nts pressed 1nto ‘the - spec1rnen and -
. held in pIace by coil springs.. . The relative movernent of the gage blocks
.- was 'transferred through two pairs of extension rodsto & 0. 0001-1nch
" least-count dial gage outs1de the furnace. _ The upper’ guide blocks ‘had
R pohshed surfaces wh1ch were: free to move along the axis. of the pohshed
pulhng bar.-_ ' R L ' e : :

2. Te str.Procedure

_ The test spec1men was carefully assembled usmg a spec1a1 .
mountmg board for ahgnmg the pulling bars and extensomieter: A. therrno-' ' :
couple for temperature checks during te st was tied dl"ectly to the spec1—v IR

" men at the center of the 2 1nch gage length T - o

A set of chromel alumel thermoeouples were rahbrated usmg
.a b01hng d1st111ed water bath Whlch gaVe a calibration point midway '
‘between the. four test temperatures. Four: thermocouples were. selected
" for uniformity, and one thermocouple was used for all t_reep tests at -
‘one test temperature. Lo ; :

TR

. WADC TR 57-695

DRSS : g
- . Y



REEP TEST UNITS

C

i

1 8 S At 0 s 1



FIG. 8

CREEP SPECIME

N ASSEMBLY




(L3

s’ pnorto apphcatmn of the load in order to permlt the’ spec men

b ___attaln the test temper ture. - The load was then gradually apphed_b

,hand over @ perlod of ‘about half a m1nute. zero tu‘n" was taken when
-’the full load was on the spec1men,.' L

Vo EXP e r,i'rne nt"al R es ult s' '__ -

AL Tensils Tests .. v

RS O "Stre'fsst'—.St'ra'in'Cur_\L'es' to Failure ' o0

' The stress- stra1n curves to fa11ure are presented in F1gure 9 s

for the two te st rnatenals. The tests were conducted in tr1p11cate at R
T _'_each of the test ternperatures.,_ 100 175 250 and 325°F, -and- at a stra1n‘_
‘rateé of 0.05 in. /in. /m1n., Data on the’ ultimate tensile" strength and
: ’-elongatxon are summar1zed m ‘Table’ 1., The. elongatlon values g1ven in

" the table were obta1ned by u31ng gage rnarks or1g1na11y 3 00 1nches apart
: ._'on the spec1men. : :

i Table 11

TENSILE TEST RESULTS |

-"1__-_{’ U1t1mate Tens11e Strength (ps1) and Elongatmn (%) L .
. at a Stra1n Rate of 0. 05 in. /1n./m1n e el

Test Materia'l' e Test.Temperature, °F o

100 . - . 17 . 25Q - 325

t UTS Elong;_ UTS Elong. UTS Elong. UTS Elong. L

s jngh Pur1ty Lead 1 1828 46 0 -.‘_'_".»'1"2_40 ._ '57.3 788 . 640 498 : .77‘._f6"_'1.. o

2 1920- 44.6 1196 42.6 798 - 50.6 488  72.0 .

31852  40.0 1204 36.0. 768 68.3° 492 ' 83.3 - .

| Average 1867 43.5. ‘1213 '45.3 785 61.0 493 77.6. . -

* Copperized Lead 11580 53.6 1164 46.0 826 42.6 = 636 46,6 . .

. 271604 46.3 1148 47.0 846 50.6 638 56.0

31570 '53.0 . 1162 47.7 844 48.3 ° 642- 42.7. .- .
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| TENSILE STRESS-STRAIN CURVES T0 FAILURE <

AT A STRAIN RATE OF 0.05 INJIN.JMIN. .~




. ] s,traln curve's up to ‘the' poxnt of neck1ng.~~ Beym xd thls
*'p01nt the curves dlffered c0ns1derab1y, ‘die to chfferences 1n nr*elung
'.’-_fcondltlons, probably 1nﬂuenced by vananOns in grain size and’ grain
']forlentatron w1th1n the, d1f£erent Specnnens. The fracture strength was.
f.’wery nearly zero for all tests, -as: 1s mchcated by the curves on F1gure 9

, . The stress straln curves for the hlgh punty lead Were qmte
,.A;typxcal “each’ exh1b1t1ng one maxnnum, v.hereas the curves for the- c0p- ._
.’penzed lead all had two or Tnore maxima. In the latter case, neckmg d1d
. not occur at the first maximum in the stress- strain curveS" this effect
: was p0551b1y assoc1ated with. recrystalhzatlon of the flner gra1n- 51ze
' coppenzeu lead durmg test.: : e ' '

o The total elonganon values snown in. Flgure 9 1nclude some
'_elougatmn of the specimen bearmg hole $, which'in extreme cases ‘ .
amounted to about 1/16-1nch per. hole, whereas in most cases 1t was less | . .
v 'than 1/32 inch per hole. . Soine elongahon also occurred in the f111et ‘areas. i Lo
outs1de the 3-inch reduced section, with the result that the indicated stra1n S
_ values are: larger than actual. . ‘This problem was not. encountered in the e

. other tensile or compre551on tests, as the. strain; measurements were
o made d1rect1y on the spec1men gage length L

: Flgure 10 pre sents the average values ofthe ultn’nate tensﬂe strength o
_and elongatmn as a function of test temperature. The high punty lead R
had a lugher tensile strength at 100 and 175°F than the coppenzed lead
‘and a lower value at the hlcher test. ternperatures of 250 and 3259F. It :
_ should be noted that at any one test temperature the rate of strain: harden-v
1ng of the c0pper1zed lead is greater than that for the high purlty lead L
almost up to the point of the f1rst maxlmum.. If only the maximum assocx—j’;':’-h
- ated with necking had occurred; these tests undoubtedly would have '
exhlbxted h1gher ultnnate tens11e strength values. ~

The percent elongatmn for the coppenzed lead was apprommately e
constant at.about 50% at all test temperatures, whereas the average SO
elongatmn of the high punty lead increased from 43% to 77% over the
temperature range from 100 to 325°F s

L L -2. Elast1c Propernes s

, . A second set of 24 tens1le spec1mens was used to e'ra.luate the B

elast1c propertles and the stress- straln curve to 2% straln. ' A cross-..-»
head travel rate.of 0.015 in. /rmn was used for these tests, for a strain o
rate of 0.005 in. /in. /m1n._ The results of these tests are shown: in Flgure"»':_ﬁ S

3 11 for the two test ‘materials tested’ at the four test tempera‘tures. _The -~
tr1p11cate tests at'any one temoerature are in good agreement. In order e

" to show’ more clearly the effect of temperature, the data, of Flgure 11

. ’; ‘were plotted as stress vs test temperature for constant valu es of total

stra1n and are presented 1n Fxgure 12 R e
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: stram of 0.\3%, 1 1nch of chart bemg equal to 0 03 7o stra1n.‘ The test
- wa¥ then completed by. using a low magmﬁcatmn, 1.inch of chart’ equal,_
to 0. 2% strarn d'total: stra1n of 2. 010.~ At this pomt the spec1rnen was
unloaded and reloaded three times, using the high strain macnﬁlcatlon,
‘the load1ng curves bemg used to evaluate the elastic modulus., This -
'_‘iprocedure was used to evaluate the modulus ‘because the initial y1e1d
o p01nt was too low in most cases to make evaluatxon posmble._-_:-_:-__.*-- TRl

o Tensﬂe data for the modulus of elast1c1ty, proportmnal 11m1t
and y1e1d strength are summar1zed in Table III. - The. tabulated values
‘of the modulus of elast1c1ty ‘have been’ calculated on the basis of the T

. reduced cross- sect1ona1 area at 2% straxn. For the h1gh purlty lead the f.; AR

average value of 'the ‘mecdulus’ was 2.7 x 10 psi,. w1th ne. apparent decrease -

from 100 to 290°F. Values at 325°F could not be evaluated with suff1c1ent 7 i

: accuracy. ‘The- pr0port10na1 11m1t and’ y1e1d strength both show a decrease S

"~ of about 50%. with test temperature from 100 to 325°F. For the copperlzed

~ lead:the average value. of the modulus was 2.2 x 10 psi with about a. 10%

decrease at 3250F;: the proport10na1 limit- -and yield strength remained .

o -practically’ constant frorn 100 to 250°F and then decreased about 35% at

'..325°F.._.-' : 2 : - :

3 Effect of Straxn Rate '
The effect of stra1n On the stress stra1n curve was evaluated at E
100 and 250°F for both test matenals. F1gure 13 presents tests conducted
~at a strain rate of 0.005 in./in./min, along with previous tests conducted . ST
“at'a rate of 0.05 in. /1n /min. - For the high purity lead, a'decrease inthe . ..~ . = F
- strain.-rate from 0.05 to 0.005 in. /1n /min resulted in a decrease in the ~ "f : "_ T
. ultimate tensile strength of about 30% at both’ test temperatures, ‘and also
. in a decrease in strain at the ultimate and in the total ‘strain to fracture. S ,
. For the copper1zed lead, the same decrease in strain rate resultedina =~~~ "=
15% decrease in the ult1mate and a shght decrease in the elonganon to SRS

"fracturep Sl ‘ : : W A S

B.. Compression-}l‘estsi:

_ The results of stress stra1n tests 1n compressmn to 5% stram are o
‘given in Figure 14. -Triplicate tests were conducted at ‘each test tempera—{._. S
ture for both mater1als, u51ng a cross- head trave1 rate of 0.010 1n./m1n .

for a strain rate of 0.005 in. fin. /mln. There is some. overlaptnng in A .
" the curves for the high pur1ty lead at small valués of strain for the. - =" -~ -~ -~~~ "%
" different test temperatures._, This is most 11ke1y due to small sarnphng T
'dlfferences wh1ch 1mt1a11y existed from spec1men to’ specxmen. After l°/, R
straln the curves at any one test tempereture are in close agreement SR
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that recrystall1zat1on took place at these hxghel test temperatures unde
- the- 'partlcular test cond1t1ons

AR The compre ssmn data' are shown in F1gure 15 a’s stress vs test-
temperature for ‘various values of total strain, .At the IOWer test tempera
- tures the stress values for the' coppenzed lead" are only ‘slightly hxgher
than those for the hxgh pur1ty lead. At 325°F this d1fference becomes ' N
S larger, ‘the curves for the high’ pur1ty lead decreasmg more rap1dly abovei"
o 250°F than those for the coppenzed lead ' co RN :

The elast1c propertles in compress1on were evaluated from the '

recorded 1oad deformatlon charts in a manner ‘similar to. that used for theb'”_-'j

7. tensile tests. ‘A hlgh straln magmf1cat1on, 1 inch of .¢hart equal to 0. 10‘70:"".::".:‘- _I:'.
&':ﬁ'.. N ‘~ s " PR

- -strain, was used to a stra:.n of 0. 3%.' The test was completed at a’ low
v magn1f1cat10n, 1 inch of chart equal to 0. 4% stra1n, to a strain of 5%. -
o At this point the specimen was unloaded and reloaded three tlmes, .usmg
~ the hxgh strain magmﬁcahon, the 1oad1ng curves belng used to evaluate the
5',e1ast1c modulus. SR R S Lo T

o The modulus of ela.st1c1ty, proportxonal 11m1t and y1eld strength

- data in: cornpress1on are summanzed in Table IV. THe tabulated values
o of the modulus of elast1c1ty have been cdlculated on the bas1s of the
. ,,.1ncreased cross sectmnal area at 5% straln. e ‘

; The average value of the modulus was Z 6 x 106 ps1 for both matenals,z‘_'_ -
~ and decreased from 2. 8 x 108 psi at 100°F to about 2. 4 x 108 ps1 at 325 F. T

The pr0port1onal limit and yield strength values were about the same for

. values for’ the coppenzed lead were about 50% hlgher than those for the
o hlgh punty lead : : - ST : "

C . Shear Tests L

The shear test results are summanzed in 'I‘able V “and are presented
in Flgure 16 as ultunate shear strength vs test temperature. These tests
© . were c0nducted by testing pins 1/2 inch in d1arneter by 2.inches long in

' ‘the two leads at each of the three lower test temperatures* at 325°F the -

- ._.double shear, u51ng a constant cross- head travel rate of 0. 005 in. /mln.: T S
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SHEARJTE&FRESULTS

tUltlmate.sShear Strength ,. p51
ata Cross- hsad,Rst_-.e f 0,005 in. /min

L , o Test I‘emperature,'.-of_‘.;-
- Number. - 'a‘.l.l-'OO L 1752 B 250 T 325

S Test Mater1a1

g }hgthUIWV'Lead.:ij:i?l;ﬁihlffhllﬁzvhﬁv.640¢i}$”4159321"
: Lo el 20 11300 6400 T4lz 272
300 U638 415
-;aﬂ639 414

'*{675‘;3.-513',;g
6907 513
6600 - o502 385 o

" Copperized Lead 1

The data p01nts in F1gure 16 represent the average values for each e
set of triplicate tests. At 100°F the ultimate shear strength of the h1gh .

purlty lead was higher than that for the lead conta1n1ng 0.058%: copper. S
: However, the shear strength of ‘the h1gh purity lead decreased more . .
 rapidly. with test. temperature than that-of the copperlzed lead and was o
. 1ower at temperatures above 160°F. TR S T

S The shear tests ‘on the copper1zed lead behaved 1n a s1m11ar manner.-.':_-__
SR to the tensile tests on the copper1zed lead, in that two’ max1ma 1n the e
oo ' 'load occurred durmg each test St UL e e T :

D Bearing» Te'st's -

o The bearmg tests were' conducted ata cross-head travel rate of '

n§ c 0. 005 in. /mm, and the stress- deformatmn curves'to failure are given =

I T in F1gure 17.. For this purpose the stress is defined as the load divided "

. by the bearmg area, which is taken as the d1ameter of the bearmg hole L
.-t1mes the bear1ng plate *h1ckness. T

I The bear1ng est results are g1ven in. Table VI'in’ terms of y1e1d
R _strength defined as 2% offset of the hole. diameter, and ultimate bearlng
~ strength., The yield. strength. and ultimate strength are presented 1n
:,__'Flgure 18 as a functmn of teznperature. PRI e
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| BEARING TEST RESULTS

‘at’a’ Cross-head Rate of 0.005 in, /mm

N : AVA‘Vh_if”Yleld
Temperature, L 'Strength

Coeamse o0 75007
.;flgthveragef.i '74°< |
-~u~¥250';;*’[":'i"“- a9,
LEse L ;z* " 605,

..‘~';Average:;% 440_ﬁj

‘100 . .-1370.
100 - . o 1150,
' - Average "~ 1200.:".°

AR G e

175 ... - 0. 1070.

250 7950
250 L ges.

325 . . m0.

Y1e1d Strength and Ultlmate Beanng Strengt_} -

° High Purity Lead *';‘7}001”.,; RTINS U1 [ISE
T1000. L LT L10700
'* Average 1040 ;j .

s '-:-\~*¥ 774Af-v,_A

-T-T-“564;f<;3

e R U T T e 7 800 ;
.| Copperized Lead . - . 100. .. 10900 L

22604 T

o - 2280.-

L1Ts o 1110. -
175 o 11200

’Av‘e'r_a"‘ge’": L1 00. . -

" . Average. . - 860 |

o325 L m38,
Ciaes o eesl
o Average. . T10. . o

U1t1mate
Str ength

,~P 5.1

26200 LT
28804 (.o
"*,—EE". g,f
j?%1460 fﬁxf:f
L1480,
1460, T
o952, -
963, ...

919,

. 940}fffﬁ;~**

2780,

640,

~-1640. ¢

. 1630, - - ¢
Ted0. .

_“1260'g“ﬁ,3'~
12300
Lo 1270, i
'-1250;“;;3“_
, 947;5gj¥g:n5¢]5
7950, L

629’ e




' ULTIMATE

HIGH. PURITY‘ - COPPERIZED

N

Q. .

5L
o e L
o v

.
T
-~
5
w

-
&
e
©
2
> 4
d.
w
,m'
w
e
<
L E,
R
-
2
o
L2
q -
o
BR |
Q
5 -

- 200 .
n TEST TEMPERATURE

HG 18

BEARING YlELD STRENGTH AND ULTIMATE STREM}TH VS
© TEST TEMPERATURE - - .
AT A CROSS-HEAD RATE OF 0. 005 IN IMIN

A-I8IS-F-27 -

400 - o



_ bearlng Strength for the h1gh pur1ty lead at 1C0°F is higher- than that for
the cOppenzed but’ becomes lower. at tempez atures ab0ve about 140 F
'nspect onof. the stress :
that. they éxhibit a def1n1te decrease in, the rate of: strain hardemng the
an mcrease,‘ 'pr1or to: the u1t1rnate

o _ values of- less than 0. 0004 in, /1n. No fundamental 51gmf1cance is gnven
to this behav1or Whlch is probably due to one or a combmatmn of . the. . ~
. followmg factors: samplmg dxfferences, shght variations in loadmg L

i cond1t1ons, and poss1ble 1n1t1a1 lag in extensometer movement S

that a rap1d increase in the creep. rate occurred when recrystalhzahon e

- took place durmg test. - 'The longer time and h1gher temperature creep

- tests of the current study were’ plotted on regular coordmate paper . as’

C stra1n against time. All these curves showed a cont1nually decreasmng L

. creep rate with t1me 1nd1cat1ng that no- recrystalllzatlon took place under
‘the given test conditions. Tlus was not confu'rned however by L
'~m1crostructure studles.-_'- Lot PP SR ‘

" creep time curves ‘for total stra1n values of 0 Z 0 5 1.0. and z,o_%_ _
for the two test matenals. S SN Sy

o for the" shorter creep t1mes. However, for the’ longer creep times the '
) h1gh purity lead is rnore creep resistant than the c0pper1zed lead Tlns
".1s espec1ally true at the hlgher te st temperature 8. f} o -

_ .1n the as- rece1ved condition, annealed prior to testing only to remove. ' -
T anv work hardenmg due to mach1n1ng and handhng. The matenals were«-

or“ the high pu.rlty lead at all te st temperatures. Th° ultlmate

',deformatlon ‘curves for the coppenzed lead shows'

»cr,é-e'p'...'r_é sts. .

_ The or1gmal creep data are. presented as total stram vs. creep tlme o
- in F1gure 19 for the h1gh pur1ty lead and in Flgure 20 for the copperlzed
s lead o , v e . o o T

Sorne crossmg of the stram t1me curves occurred at very low stram o '

Greenwood and Worner * studylng the creep of lead demonstrated

‘In F1gure 21 and 22 the creep results are summamzed as stress—

The hlgh pur1ty lead 1s 1e ss creep resistant than the copperlzecl lead

It should be repeated here that these resurts are for the test rnat«.e:nals SR

'»*Greenwood J Neill, ‘and H. K Worner, "Types of Creep Curves

' '64 No. _1 135,

- Obtained with Lead and Its Dxlute Alloys....ﬂ' Jour Inst. of Metals (1939);,' L




- '.'tested in thlS cond1t1on in order to obtam the pr0pert1es of these two--
materlals as. normally recewed Tne grain sizes:.of the two materials’,
- as reported earher were cons1derab1y d1fferent both in the as rece1ved
and in the annealed cond1t1ons R ' L - :

: Several stud1es on the effect of gram s1ze on the creep of metals
_j,.have shown ‘that,” for any one mater1a1 a f1ne grainsize matenal is 1n
_.}:.general less creep resistant than a coarser gram size mater1a1 ‘This |
- is attr1buted to the fact that the flner gra1n size. mater1a1 is. generally :
'less stable structurally. SRR L e
. , Thus, the c0pper1zed lead wrth a very f1ne gram s*ze, has less
- creep resistance at the h1gher temperatures and longer creep times
- ‘than it would with'a coarse -grain size... Under the pre sent test. condrt:.ons..g
L .thxs grain srze effect is. apparently great enough to more than counteract
L _the alloy strengthemng effect of the copper add1t10n. S TE T

The gram sizeis an 1mportant factor m the creep of metals, and
R should be evaluated for the creep of lead at the contemplated ser\uce
oo _temperatures.:,- Co Lo ' : : R

¥ .:_'VI Summary

o The tenelle, compresswn, shear, bearmg, and creep prOpert1es :
“'of a high pur1ty lead and a 0.058% c0pper-lead alloy were: evaluated at .
test temperatures of 100. 175, 250 and 325°F. . .

A The data are summanzed in graph1ca1 and tabular form 1n the
Experrmental Results sect1on of the report. R :

' WADC TR 571695
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Figure A-3. Thermal expansion- behavior of lead, curve
reference numbers. given by Touloukian et
al. [57]_ - . :

with the recommended values.béing

'.Temperaﬁuze gx) AL/L;gi) _d X 105(5:&1
| wo —0.526 . 25.6
3. 200 -0.261  27.5
293 0.000 0 28.9
. 400 X o 0.317 °©  .30.6
'TK\A s06 .. . 0.638 ‘ 33.3.
i 600 - .0.988 - - 36.7
° where _
‘cus:(l/Lzéj)dL/dT




d‘ate“..‘ .

i} values were obta:ned from speciflcally orxented urapmm smgle'

crystals [63]. These results show that, whereas the modulus of o

non—-textared polycrystalllne uranium at "98 K is 29 x 106 ps1,
1t can be as h1gh ‘as 41. 5 X 106 psi or as low as 21 4 b4 106 951
for 2 textured sample. ' ' ' )

Flnally, the authors were unable to obtain any rellable

' data on the 1nfluence ‘of dilute alloy addltlons (e g., 2 welght

-percent Mo) on the elastlc propertles of uranium,.

The‘ 1nf1uence of temperature on the Young s modulus of cast_ .
'-""'.’."hlgh purlty lead is shown in Flgure B-8. Again, 1ncrea51ng"
'_'.temperature results in a gradual decrease in modulus. Attempts‘
to_ 'l_Qc_ate m_orev complete . 1nforma.t10n, : 1nclud1ng values of theé

- shear modulus _and?oisson's ratio, have Leen unsuccessful to

3000 gy | S M

2000 j' =

| iodo -

ol ?1 TR R RS S N i
201000 100 200 30 400 500 600 700
' - TEMPERATURE  (° C) '

‘:YOvIUNG'S‘MODULUS‘(Kg."I‘mniz)'

L F,igure B-8. Young's modulus of lead [65].
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Cover Page and Page 3-110 from “Handbook of Heat Transfer
Fundamentals,” Second Edition, Warren M. Rohsenhow,
James P. Hartnett, Ejup N. Ganic, McGraw-Hill Book
Company, associated with RAl 2-14
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TABLE 64 Density of Metallic Elements (Continued)

' Symbol
Temp.,
K Ho In* Ir Fe La* Pb Mo
50 8820 | 7460 | 22,600 | 7910 | 6203 | 11,570 | 547 | 9830 | 1765-| 10,260
100 8815 | 7430 | 22,580 | 7900 | 6200 11,520 | 546 | 9840 | 1762 10,260
150 8810 | 7400 | 22,560 | 7890 | 6196 11,470 | 543 | 9840 | 1757 10,250
200 8800 | 7370 | 22,540 | 7880 | 6193 | 11,430 | 541 9850 | 1752 | 10,250
250 8790 | 7340 | 22,520 | 7870 | 6190 | 11,380 | 537 | 9840 | 1746 | 10,250
300 8780 | 7310 | 22,500 | 7860 | 6187 | 11,330 | 533 | 9830 | 1740 { 10,240
400 8755 | 7230 | 22,450 | 7830 | 6180 | 11,230 | 526 | 9800 | 1736 | 10,220
500 8730 | 6980 | 22,410 | 7800 | 6160 11,130 | 492 | 9770 | 1731 10,210
600 8700 | 6810 | 22,360 | 7760 | 6170 | -11,010 | 482 | 9740 | 1726 | 10,190
800 8650 22,250 | 7690 | 6140 | 10,430 | 462 | 9660 | 1715 | 10,160
1000 8600 22,140 | 7650 | 6160 | 10,190 | 442 | 9580 | 1517 10,120
1200 22,030 | 7620 9,940 | 442 | 9500 | 1409 | 10,080
1400 21,920 | 7520 402 10,040
1600 21,790 | 7420 381 10,000
1800 21,660 | 7320 361 9,950
2000 21,510 { 7030 341 9,900
Symbol
Temp.,
K Ni Nb Os Pd Pt Pu K Pa*
50 8960 8610 22,550 12,110 21,570 20,270 905 )
100 8960 8600 22,540 12,100 21,550 20,170 | 898
150 8940 8590 22,520 12,090 21,530 20,080 890
200 8930 8580 22,510 12,070 21,500 19,990 882
250 8910 8570 22,490 12,050 21,470 19,860 873
300 8900 8570 22,480 12,030‘ 21,450 19,730 863 15,370
400 8860 8550 22,450 11,980 21,380 17,720 814 15,320
500 8820 8530 22,420 11,940 21,330 17,920 790 15,280
600 8780 8510 22,390 11,890 21,270 15,300 767 15,230
800 8690 8470 22,320 11,790 21,140 - | 16,370 720 15,150
1000 8610 8430 22,250 11,680 21,010 672 15,050
1200 8510 8380 11,570 20,870 623 14,910
1400 8410 8340 20,720 574
1600 8320 8290 20,570 527
1800 7690 8250 20,400
20,220




