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FOREWORD

This report was prepared by Battelle Memorial Institute under Contract No,
AF 33(615)-2494. This contract was performed under Project No, 7381, ""Materials
Applications', Task No, 738106, '"Materials Information Development'', The work was
administered under the direction of the Alr Force Materisls Laboratory, Research and

Technology Division, Air Force Systems Command, Wright-Patterson Air Force Bage,
Ohlo, by Mr, Marvin Knight, project engineer,

This yearly report covers work conducted from April 15, 1965 to March 15, 1966,

This manuscript was relsased by the authors June 10, 1966 for publication as an RTD
Technical Report,

Among those who cooperated in the research and/or the preparation of this techni-
cal report were: Mr, Clayton L, Harmsworth of the AF Materials Laboratory; and
Meagnres, James E. Campbell, William S, McCain, Charles H, Hickman, Jr., and
Edward A, Eldridge, of Battelle Memorial Institute.

This report has been reviswed and {s approved,

D. A, Shinn
Chief, Materials Information Branch

Materials Application Division
Air Force Materiales Laboratory
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ABETRACT

The major objectives of this research program are to evaluate newly develeped
structural materiale of potantial Aly Foroe weapons systema intexrsst and then to pro-
vide data-sheet-type presantations of mechanical data, The {irst yeaz's sffort, covered

in this report, has concentrated on TD Nickel, HP §-4 steels, AFC-77 atesl, and
Lockalloy (62Be-38Al),

The mechanical properties investigated included tensile, compruasion, shear,

bend, fracture toughness, fatigue, creep, and stress corrosion at appropriate
tempstatures, ’
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INTRODUCTION
packground
Increased performance requirements of Alr Force weapons sysieine iumke the

selection of materials having uptimum characteristics vitally important, Frequantly
the requirsments are such that the most suitable alloys are aither in the final dovolop-‘
ment stages or have just become commercially available,

However, since these alloys ars new, there may not be adequate mechanical-
property information available for airaraft and aerospace companies to acknowledge, them
as candidate materials, The Air Force in recognition of this nsed initiated a program
at Battells for obtaining engineering data on selected newly devsloped alloys. The ax-
pectation is that such data <could serve to stimulate interest in the sxploitation of these
materials for advanced structures,

Objective

The primary objocttvo' of this program is to obtain comparative engineering data
for newly developed structural alloys using standavdised tesats procedures, where avail.
able, for standard test conditions,

The first years' effort, covered in this report, has concentrated on six combina-
tions of materials and/or material treatments, Tha materiale ars

{1) TD Nickeal sheet

(2) HP 9-4-25 plate

(3) HP 9-4-45 plate

{4) AFC-77 sheat (two heat treatments)
(%) Lockalloy (62Be-38A1l) sheet,

The metallurgical conditions selected for evaluation are deacribed in a later
section,

The program approach was to search published literature and to contact the metal
producers {or pertinent data, Tests ware scheduled to fill In gups in the existing in-
formation, Then, upon complsetion of each material evaluation plans call for {ssuing &
uniform mechanical-property data shest with associated graphs, Detailed information

concerning the properties of interest and test techniques are described in subssquent
sactions,

L
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Test Matarials

This section contains information luppliid by the vendors for all the materials
acquired during the first year of the program. Included for s.ch material are the

. source, condition, chemistry, and mpc?xanical-propd_x'ty dats as furnished,

TD Nickel Sheeat

Source; E. I. du Pont de Nemonre and Company, Inc,

Formi 0.060-inch sheet

Heat: 1254 and 1287

Condition: Stress reliesved

Chemical Composition, pnrcdnt

Haatt 1284 1287
Carbon 0.0012 0.0038
Titanium <0, 001 <0, 001
‘Iron <0, 01 0,01 a
Chromlium <0, 01 <0, 01
Cobalt <0, 01 <0, 01
Copper <0, 001 0.003
Sulfur 0.0013 <0, 001
ThO; 2.3 23
Vendor Test Report
Tensile(d) '
Tost Ultimate Tensile 0, 2% Ylold . Elongation in
Heat Tamperaturs, F Strength, ki © Strength ksi 1 Inch, parcent
1284 RT 63. 6 45.8 16.8
2000 . 13,6 12.9 3.0
1287 RT 64,3 48.6 17.0
2000 : 13,2 12, 4 6.0
(a) Tramvene orlentation,
z .
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Streus Ruiture(”

Test Elongation in
Heat Temperatura, F Stress, kei Life, hr l1-Inch, parcent
1254 2000 5.0 >20 2.1
ico7 PV 5,5 >20 4.8

(a) Transverse otientation,

HP 9-4-28 Plate

Source: Republic Steel Corporation
Form: O0,25-inch plate
Heat: 3931021 air me.t, VAR

Condition: Hot rolled and annealed

Chemical Comgolmon, percent

Carbon  0.27 Nickel 8.28
Munganese 0,27 Chromium 0.41
Phoaphorus 0,004 Molybdenum 0,49
Sulfur 0.009 Vanadium v, 07
Silicon 0.0l Cobalt 3.90
HP 9-4-45 Plate

Source: Republic Steel Corporation

Formi: 0,28-inch plate

Heat: 3931141 air melt, VAR

Conditioni Hot ralled and annealed

Chemical Composition, percent
Carbon 0.6 Nickel 7.73
Manganeve 0,19 Chromium 0,3
Phosphorus 0,003 Molybdenum 0,29
Sulfur 0,008 Vanadium 0,09
Silicon 0.0¢ Colalt 4,03
3




AFC-77 Sheet

Source: Crucible Steel Company of America

rormi 3-1/2-inch plate’

?
i
! Condition: Hot rolled and annsaled i
d
E

Cliemical Composition, percent

Carbon’ 0.15 ~ Nickel - 0.12 .

Muanganecse 0,24 Chromium 13,84

Phosphorus 0,010 " Vanadium 0,23

Sulfur 0.018 Molybdenum 5.08

Silicon 0,21 Cobalt 13,44
Nitrogen 0,06

Lockalloy (63Be-36A1) Sheet o )

il 0o

.Source! The Maryllium Oorpaution'

Forml 0,062-inch chuet

Lot: 63+6, 68413, 68.7 - T S

e

Condition: Annealed 44 hours at 1100 l‘”nnd otchod"

Etehhg Solutica: A8 percent nitrig neM by velumo

2 peroent hydroﬂwrte acid by volumo
Baiance « delonined water

e T T, Y Pa TR

Vendor Te li Roport

oIS

Elongation,

: Lot nit Strength, kei Mrength, el percent

. L T L T L L

63-6 372 H.B 50,9 50,3 36.0 3.2 8.5 8

e 68.7 89 H-C - 81,6 51,3 33,8 3.2 11,8 9.8

1 68.7 407 H-A 8.8 52,6 37,0 37,2 14,5 14.3

' 68-7 407 H-C 82,0 s1.1 . L 36.8 13.% 12

¥ 68-13 . 902 H-A %7, 1 46,9 . . 3T.RY 38,0 5.8 6 .
65.)3 902 H.@ 46,1 46,2 0 36,9 7.8 4 4.5

‘ 48413 902 °H-F 46,3 68,6 . 3.8 3.6 8,9 - 5.8

( 8.8 -8,%

. 63«13 902 HL' .. 46,0 45,7 a8 37,0

i T T W, T T A T T
\
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Processing and Heat Treating

Proceasing and haat t santing at Rattalla whaws vazu laand

to vendor recommendntionl.

program were as follows:

TD Nicksl Sheet

()

Evaluated in the as-received, stress-reslisved condition.

HP 9-4-25 Plate

(1)

Treatinent of machined specimens

(a) Normalised | hour at 1600 F in protactive atmosphere and

(b)

(¢)

air cooled

Austenitised 1 hour at 1528 F in prouetlvc atmosphare and
oil quenched

Double tempered 2 hours euch at 1028 F,

HP 9-4-485 Plato

(1) Treatment of mqohinod spscimans

(a)

(b)
(e)

Normalised 1 hour at 1600 F in protective atmosphere and
air cooled

Austenitined ! hour at 1475 F ih protective atmosphere

Quenched in salt bath at 478 F lnd“nmpoud at 478 F
for 7 hours,

AFC-17 Sheet

(1)

Hot rolling of billet (processed at Battelle)

()
{b)
(¢)

(d)

Soaked at 1900 F for 2 hours
Heated to 2100 F and transferred to rolle within 1/2-hour

Rolled with maximum reduction per pass lass than
18 percent of thickness obulnod for preceding pass

Minimum rolling tomponturo 1600 r (rohutod to 2000 ¥
when necessry)

.......... recw e w s wwwas wwp wae wuuu\.n-\-'u -st.uruulj

Tho treatmaents uud for each of the materials in the
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(2)

(3)

(4)

(e) Sixty-two palies were rsquired to reduce 3-1/2-inch billet
to 0, 1l-inch shest

{f) Pickled in 10 parcent H,SO4 at 150 F
Treatment of rolled sheet for machineability

(a) Austenitized 15 minutes 1900 F in protactive a*mosphere and
oil guenched :

(t) Double tempered 2 hours each 1400 F
Trea'bt'q'xont for Group I (rnachined specimenas)

(a) Austenitired 15 minutes 1900 Flin protective atmosphers
and oil quenched

{b) Subzero quenched at -100 F for 1/2 hour
(c) Double tempered 2 hours each at 700 F
Traatment for Group lI {machined specimens)

(a) Austenitized 15 minutes 1900 F in protective atmosphere and
oil quenched _ .o

(b) Subsero quenched at -100 F for 1/2 hour

(¢} Double tempered 2 houre each at 1100 F,

e e — T IR ST VR

Lockalloy (62Ba-38Al1) Sheet

(1) Evaluated in the as-received annealed and etched condition,

Mechanical Proparties

The various mechanical faro;:ortiu of prime interest for exch of the dc'llgratod
muterials are an follows:

(1) Tensile [longitudinel (L) and transveras (T) at room temperature (R'I.)

p ——rr
;

and elevatad temperature (ET)].
(a) Ultimate tensile strength, Fyy
(b) Teneile yleld strength, Fy,

(c) Elongation, e,
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(2)

(3)

(4)

(5)

(6)

(7

(8)

(9)

(10)

(1)

(d) Reduction in area, RA (when applicable)
{e) Modulus of elasticity, E,

Compression (L and T at RT and 3T)

';a) Compression yieid sirengih, Fcy

{b) Modulus of elas:icity, E_

Impact (at RT and ET when lpplicable-)l

Fracture toughness, ch' (at RT and ET)

Bend (at RT and cryogenic temperatures)

(a} Minimum radius

(b) Ductile to brittle benﬁ-tunoitlon temperature
Shear (L and T at RT)

(n) “Ultimate shear strength, Fg,

Axial fatigue (at RT and ET)

(a) K¢w 1, Ru0,1, Lifetime: 103 through 107 cycles
(b) K, w3, Rw0, 1, Lifetime: 103 through 107 cycles
Creep and stress rupture (sslected ET)

(a) Stress for 0,2 or 0,5 percent deformation in 100 hours and
in 1000 hours

(b) Stress for rupture in 100 hours and in 1000 hdure
Strees corvosion (RT)
(a) B8O percent Ftyt 1000 hours maximum

Coefficlent of thermal expansion

Density.

"
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EXPERIMENTAL PROCEDNURE

Specimen [dentification

A straightforward numbering aystem waa used for specimen identification, Ceoding
consiats of 3 numbar indicating the type of test, followed in appropriate cases by a -
letter signifying specimen orientation (L for longitudinal or T for transverse), which {s
fallowed by the spacitasn number. The final number denotes the location on the original

test panel from which the spacimen was taken, Numbere representing the type of test
are as follown! '

(1) Tenelon

{2) Compréeselon

(3) Creep

(4) Shear

(8) Tatigue

(6) Fracture toughness
(7) Stress cpgrosion
(8) Therma!l expansion
{9) Bend,

For example, 2-T-3 is a transverse compriesion spucimén cut from Parsl Location 8.

Specimen cdesigns used In thie progran: are shown tn‘ rlih’ul--l through 13, These

specimens conform to dimenelonal and tolerance apecificatione outlined in relevant
ASTM standards, in AlA publication ARTC+13, or in MAB publication MAB-192<M. The
applicable standards are covered later In the diavussions of preceduress for aonduating
each type of teat, The l-inch-gage-longth tensile lpoolmonr Figure 2) was used only for
the Lockalloy study, This was to take {ull advantago of the limited amount oi available
test matearial and to be compatible v.ith data obtained from other sources aleo on speci-
mens with o 1-lnch gage length, Full sheet thickn~ue specimens wers used moopt whete
otherwlise noted, .

Teust Desaription

Tension

Provedutes used for carrying out tensile teate ware thoss recommended in ASTM
Methods E8-61'T and L21-58T ua well as in Federal Teat Method Standurd 15ia
(Method 211, 1), Three specimens wars tested at each temperaturs to determine ulti.
mate tensile strength, yleld strength (0, 3% offaet), elonpation, and reduction in urea,
The modulus of alasticity was derived from load-strain vurves plotted by an autographic
recorder during each test,

All tanuilo tusts were carried out in Baldwin Universal testing machines, These
imachines are calibrated at frequent {ntervals in accordance with ASTM Method E4-64
to assure loading avcuracy within 0,2 percent. The machines are equipped with inte-
gral automatic stvain pacers and autographic strain resorders.
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Sarbiee

The sheat and thin-plate tensile-specimen configurations (Figures 1 and 2) con-
formed to type F2 in Method 211, 1 except that the grip sections contained hcles for pin
loading Pin-loaded specimens are preferred because they permit better alignment and
facilitate gripning in furnaces for elevated-tamnaratura teata

Specimens tested at elevaicd temperatures were heated in standard wire-wound
resistancc-type furnaces. kiach turnace was equipped with a Foxbero controller capable
of maintaining the test temperatura to within £5 F of the control temperature over a
2-inch gage length. Chromel- Alumel thermocouples attached to the apecimen gage sec-
tion were ussd to monitor temperaturas, Each specimen was held at temperature for at
least 20 minutes befors starting a test,

A, averaging-typs linear-differential-transformor extensometer with extensions
‘o bring the transformer unit out of the furnace in elevated-temperature testing was
used tc measure strain, The axtensometer conformed to ASTM 83-64T Classifica-
tion B-1 having a sensitivity of £0,0001 inch/inch, The strain rate in the elastic region
was maintained at 0, C05 inch/inch/minute. After yield, the head speed was increased
to 0.1 inch/minute until fracture, '

ComBreuion

Procedures for carrving out coiapression teste were as rocommended in ASTM
Maethod E9-61 along with tamperature-control provisions of E21-58T, All teats were
conducted in Baldwin Universal testing inachines using a North American Aviation-type
compression fixture as shown in Figure 13 for studies to 1000 F. A forced-air circu-
lating furnace was used for specimen heating. Specimen temperature was maintained
by means of a Wheelco pyrometsr, Thres Chromel-Alumel thermocouples attached to
the compression fixture wers used to monitor temperature. Temperatures were held to
within 23 F of test ternperature with this equipment. A modified version of this fixture
having graphite latsral support blocke as shown in Figure 14 was used for tests to
2000 F. In this care, wire-wound furnaces were used with controls as dascribed in the
previous section on teneila tests, Either of these fixtures can be adjusted to mccom-
modate specimens of various thickneasses up to 1/4 inch,

The extensomoter employed for the compression work was quito similar to that
used in tensile testing. In this case the extension arms wore fastened to the specimen
at small notches spanning a 2-inch gage length (see Figure 3). The output from the
sxtensometer microformer was fed into a load-etrain recorder to provide autagraphic
load-strain curves. During testing, the strain rate was adjusted to 0,005 inch/inch/
minute, Throe specimens wera tested at each temperature to determine the compres-
eive yleld strength (0, 2% offset) and the compressive modulus of elasticity,

Shear

Single-shsar specimens of the type specified in Standard Test Procedure ARTC-
13-8-1 wero used for these studies (wee Figure 5). Three longitudinal specimens and
throe transverse specimena were used to determine the ultimate shear strength at

room tamperature for aach material.
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Bend

The procedure used tor conducting bend Llests s des:ribed in Report MAB-192.M,
As shown in Figure 15, the specimen was ploced in a rigid three-point loading fixture,
Sonding tups ol various 8i1zes were used to determine the minimum bend radius at room
temperature, Additional tests were cnnducted below room temperature {limi‘'cd to

-110 F) to detarniina tha transition temperature for o given bond radiue.

30876

FIGURE 15. BEND TEST FIXTURKE
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racture Toughness

Two typos uof tracturoe-toughnesn apociimens wore uned for the shesdt and thin-plate
studies. A ventor-notch spacimon ae shown in Fluure 8§ was used for tiin sheet and a
slnglo-odge-notch speciman ae shown in Figure 9 was usad for thin plate. The dimen-
slons of chewe specimens were Iin atcordance with the latest rocommandations of the
AS'TM Tonunitiee un Fraviure Toughness, Thews apecimens had sevarai things in com-
mon, §{irst, each was deasigned for axial-loading testa, Second, grip ends for pin-type
loading were provided (to promote the bost possible alignment). And third, the speci-
mena ware precracked at the root of the notches under fatigue loada, The precracking’
was carrie.l out with the inaximum strass limitad to 60 parcent of Fyy, This etress level
has buen [vund to produce a precrack of the desirad length in testo of short duration while
minimiring plaatic deformation at the lsading wdge of the crack,

ALl tonslle tusts on precracked (racture-toughness apacimens wore cavried out in
Daldwin Univorsal testing inachines, As shown in Figuva 16, a {lat spring-types com.
plinure gage with extonslion arme was usnd {n conjunctisn with an autographlc recorder
to provide o load-deformation curve. 'The pop-in load for rnaterials sumcaptible to brit-
tle tracture wne determined from this curve,

In certain ductile materiala, net section stressev at pop=-in or fracture muy exceed
tho ASTM ylcld eriterion, In these cases rather :hun noting individual stress intenaity
fuctors, it is considered more useful to report a noteh strength value with the undex-
standing that the notoh le & fatigue oragk, When these values are antered on the data
shoet, they will ne footnoted with the crack geometry conditicns at fallure,

Al loasl three specinjone ware used for sach ronme-tamperature and elevated-
temperaturc inveatigation,

Computations of Oy, or Kiq valuss for materialn where pup-in cccurs are cartied
out in accord. nce with procedures recommended by Srawley and Brown, (1)*

Creep and Stress Rupture

Standarcd dead-waight -typa cvesp-tasting truh\u. a8 shown {n Figure 17, were
uned for the creup and stress-rupture teste, These nachines are calibrated to nperate
well within the acouracy requirements of ASTM Matho | K139 88T,

Specimens similar to those employed in tension teste (sce Figure 4) were uased
for tha croap and atracs-rupture studies, Buch a apeolmen prepared for testing le
shown In Figure L8 alung with pretast and posttest spealrtnens. Aa shown, a platinum
steip "slide- rule' extensometar i sttuched for measuring vreep sirain and three
Chromel- Alwinel tharmocouplos ave attavhad to the gage suction for tamperature mea-
suvement, lixtensometer measuteinants ware made visvally through windows in the
furnave (see Figure 17) by mwans of 4 filay micrometer microsvopa in which the amallest
diviston eguale O, 00003 Inch,

SHulvronc en ate grven o pays U7
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. The psrcent cresp deformatirn obtained was dependent upan thu muierial under taat,

The turnace was of conventional Chrome!l A wire-wound design with taps alcg the
side to allow for correcting small teamparature diftsrences, Furnace teinperaturce vrad
maintained to within 2 F by Foxboro contrullors in yeeponse Lo signals irom the cen-

trally located thermocouple, Tha temperaturo of a speciman under teut was stabilisad
for at laant I_/:) :_\_.-_u_:!- r::-i_::- (o) !::di.—-.",

For mach tempnrature condition creap and stress-rupiure dits ware obtsined for

awe

100 and 1000 hours uelng 4s many speciinens aa necessary to vbiain precise information,

In
most lustancap either 0.2 or L, 5 percent slangation stress-time curves were defined.

Stress Corrosion

Seven specimaens of each alloy were tested for susceptibility to stress-corrasion

cracking by alternato immezsion in 3-1/2 parcent sodium chloride solution at room
temporaturs,

Specimens wore prepared lor toating by degreasing with acetone, Where a surisce
film remained from heat treating, it was abraded off oue cide and the adjacent long edye
on fiva of the savan spacimens, and left irtact on the other two,

! Each specimen war placyd into a four-point loading fixture (asv Pigure 19) and
deflected to a atress corressponding to 80 percent of the taneile yield strength. The
‘specirnen wap slectrically innulated {rom the fixtura by meuns of glaas or u?hh‘o rode,

(348 .
Deflection for a given naximum [iber stress was calculated by y o c(34 . da?) : Where

(BT} 3
y = deflection, 0 » maximum f.ber stress, £ = distance between outer losd points,

A = distance betwaen outer and inner lond points at one ond, d # thickness of spaciman,
and E = modulus ! elasticity for the specimen matorial,

is8|

FIGURE 19,  SPECIMEN INSTALLED IN STRESS- GORROSION
COTEST PIXTURY

1

VS S P SR P UOR.. N OO




- ——

Each stressed specimen was suspended on an altcrnate-immersion test uait as
shown in Figure 20, This unit alternately immersed specimens in the sodium chloride
solution for 10 minutesa and held them above the solution to dry for 50 minutes., Tests
were continued to the firat sign of cracking or for 1000 hours, whichaver occurred firat,

Specimens on alternate-iinnersion test were given frequent low-powsr microscopic
examinationa to detect cracka. At the firat sign of cracking the specimen waa ramoved,
At the conclusion of a tect, selected aamples were sectioned and metallographically
sxamined for any indication of cracks, Representative samplea in which cracks have

been found were also given a metallographic examination to establish the type and extent
of cracking, ‘

Thermal Expansion

Linsar-therrmal-expansion measurements were performed in a recording dila-
tomster with specimens protectsd by a vacuum of about 2 x 105 mm of mercury, The
unit used in this program for sheet specimens at temperatures to 2000 F is shown in
Figures 21 and 2z, Figure 21 shows a calibration specimen mounted in the support
structure with the vacuum envelops, radiation shields, and heater element ramovad.
These iterns are shown assembled in Figurs 22. In this apparatus & sheet-type specimen
is supportsd betwsen two graphite structures inside a tantalum-tube hesater slement, On
heating, the differential movement of the two structures cuused by specimen expansion,
results in the displacement of the core in a linesr-variable differential transformer,
The output of the transformer is recorded continucusly as a function of specimen tein-
peraturs, The entire assembly is enclosad in a vacuum chamber.

The furnace is controlled to Leat at the deaired rate, usually 5 F per minute.
Errors associated with mensurements in this apparatus are sstimated not to exceed

+2 percent, This is based on calibration with materials of known thermal-expansinn
characteristics.

Fatiguo

Two types of fatigue equipment were used to perform the axial tension fatigue tests
on notched and unnotched sheet and thin-plate specimens (vpecimens shown in Fig-
ures 6 and 7). Selection of a test machine was made primarily on the basis of the re-
quired load level. Tests on sheet were conducted ir 5000-pound-capacity Krouse ma-
chines as shown in Figure 23, Tents on thin plate or tests requiring a low cycle rate
wire conducted in Research Incorporated electrohydraulic machines, Figure 24 showe
a specimen being inntalled in the 20, 000-pound-capacity Research Incorporated machines,

figure 25 ohows the 50, 000-pound-capacity R, I, machine along with the centrols for
both unite,

The Krouse axial-load aquipment ia mechanically driven and providee loads on a
constant-deflection basis, The Krouse machines normally operate at about 1725 cpm,
They are equipped with hydraulic load maintainers to stabilize the mean load should
some creep deformation occur. The frequency of cycling of the Research Incorporated
hydraulic fatigus machines is variable to beyond 2000 cpm depending on specinen
rigidity., These machines operate with closed-loop deflection, strain or load control,
Under load control, used in this program, cyclic loade were automatically maintained
(regardless of the required amount of ram travel) by means of load-cell feedback signels,.

25
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FOR ROOM-TEMPERATURE TEST
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FIGULLE 24.

31234

INSTALLATION OF SPECIMEN IN 20,000- POUND-CAPACITY
RESEARCH INCORPORATED ELECTROHYDRAULIC

TEST MACHINE
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FIGURE 25,

31372

CONTROL CONSOLF. FOR 20,000-, 50,000~-, AND
200,000- POUND-CAPACITY RESEARCH
INCORPORATED FATIGUE MACHINES

%0, 000- Pound Machine Shawn,
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The calltieation and alignmont of cach machine nro chockod pariodically, In aach casn
tho dynnmic-lond-control accuracy iu botter than #3 percent of the test load.

For elevatad-temperature studies slactrical-resistance wire-wound turnaces of
conventianal deaign were used to heat the speuimens., Three Chromel-Alumel thermo-
cauplas, placed near the center of each spscimen at l-inch intervale, were employed in
furnace callbration, During a fatigue tesi; the centar thermocouple wans used in con-

smb M o2 LR sm shim Ao o sl 44
sunction with 2 Foxbore cantrollsr to adjust slsctrical dnput to the furnass, Ths thermal

gradient along the test swection was continuoualy monitorad by the other two tharmo-
couples, Durlng tests the centar of the specimen was h-ld to within #8 degrees of the
control tatmperature,

After mlchlnlnn, and hoat treating where required, the adges of all fatigue speci-
rnens (axcept fur Lockalloy) were polished according to 'Battelle's standard practice
prior to testing. The unnotched specimens were held against a rotating drum covared
with emory paper and polished using a kerosone lubricant, Succesalvely finer grits
w' 0 usud as required to produce a surface finish of about 10 rmse. The notched speci-
mans were held in a fixture and polished with n slurry of oil and Alundum grit applied
liberalty tn a rotuting wire until a similnr finish wne achieved, The Lockalloy speci-
mens wore machined and hand fintshed to 14 to 16 xmas in the baryllium machining
facility. A shadowgraph cptical comparator was used for measuring the test sections of
each polished specimen and for inspection of the root radius in the case of notched
specimena,

The stress vatio for all teats was R w 0,1, Stresses for notched (K¢ = 3,0) and

unnotched specimens ware selncted ao that 8-N curves were dafined between 103 oyclew
and 107 cycles using approximately 10 specimens for wach set of fatigue conditions, )

“tatus of Materinl Evalustions

All the alloye designated for evaluation during the firmt year of this program have
been acquired. All theso materialy were obtained in the desirad product form except
for AFC-77 steel. Thia alloy was not available as shoet in amall quantity, Therefore,
A plece of 3-1/2-inch plate was procured and rolled to sheet ueing Battelle facilities,
The machining of test apecimens was complotied for all materiale except Lockalloy.

Only fracture-toughness specimens remain to be machinaed from this alloy. Heat treating
of materials subsequent to machining has besn accomplished. Mechanical-property
evaluationa for all alloys ars in progress, The evaluation of TD Nickel (s completed,
Individual data-sheet-type presentaticns of mechanical data will be issued upon com-
plation of the evaluation of sach material, The status of each evaluation along with the
expected date for lssuing n completed data sheet is indicated in the folluwing paragraphs,

TD Nickel Shaet

The mechanical evaluation of thia alloy is camplete. Information obtained for this
alloy is presanted in this report. The completed data sheet will he issued by the end of
April, 1966,
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HP 9-4-25 and HP 9-4-45 Plates o R

All room- and elevated-temperature tensile and compression tests and room-
tamasuntiurs chuny taute hnva hasn comnlatad, Strase.corroeion toete aras in nrogrese
for both the 28 and 4% material, Cresp and streea-rupture tests ars well under way ]
for the 25 alloy and have been started for the 45 alloy. Fatigue testing has bsen started. -
Tenslle, compression, and shear data for Loth materials are pressnted in this report,
The completad data shaet for each of these alloys 's scheduled for the end of June, 1966.

AFC-177 Sheet
Mechanical propbrty studios of AFC-77 for the two tempering treatments described

earlier are under way. Preliminary data will become available EW June, 1966. The
completed datu shoet will be issued by the end of July, 1966,

Lockalloy (62Be-38Al) Sheot

Tha processing of Lockalloy im being carried out in the same manner as for the
design-allowables studies under NASA Contract NAS 8-11448.(2) The data generated will
bs coordinated with that obtained from this previous evaluation, The Battalle studies
are designed to develop fracture toughness, fatigue, creep, stress-rupture, and stress-
corrosion information, -Proliminary data will be available in July, 1966, with the data
sheet to be issued by the end of August, 1966,

Additional Mate r-hn.ll

Five muterials have bnan designated for evaluation during the second year of the
contract. These materials will, for the first faw months, be processed concurrently
with those prenantly under evaluation, The selected materials are:

- Alloy Product Form
7039 dluminum l-inch plate
2021 alurmninum 1-inch plate
Beryllium i Cross-rolle gshest
HP 9-4-25 Forging ’
HP 9-4-45 . Forging

The initial literature ssurch and organiszation of data for thess materials are com-
pleted, Contacts huve baen made With the material suppliers, and arrangernents are
being made for the procurement of appropriate quantities, .

Reaults-

For convenisnce, the rosults of the various tests conducted as of March 18, 1966,
for TD Nickel are presanted in Appendix I; for HP 9-4-2% in Appendix il; and, HP 9-4-45
in Appendix IlII. The initial table in each appendix is a data sheet summariging data
obtalned, with blanka for evaluations that are l{:heduled. The summary shest is followed
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by data tables for individual tests. The series of data tables are followed by 1 sorics
of flgures showing these data in graphical form., A {inal technical report will be issued
al the end of the second year of effort that will summarize all data presented here and
audilivial daia gouoraiod ior these and other designated materiais,
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APPENDIX 1

TD MICKEL SHEET DATA(4)

TABLE 1. DATA SHEET FOR 7D NICKEL SHEET

Condlition}

strose~relleved
Thicknass: 0. 060 lLuch

=
- Tempaeraturse, F
Properties RT 1600 - 1800 A000

Tenslila

Fiu Uongitudinal), kel 63. 6 1.4 17.9 14,7

Fiy (tvansverse), kel 63. 8 20,0 11,1 13.)

Fty (longitudinal), kel 40, 2 a2 17,7 14,1

Ity (lranaverse), kai 48,0 2, ) 16. 8 P

e (longitudinal), percent in 2 in, 14, 8 3,0 8.0 8.0

e, (traneveras), percent in 2 in. 14,8 3.0 3.0 .0

£, (longitudinal), pei x 106 16,9 10,7 9.1 0.2

E (tranaveraw), psin 106 17,8 10,3 (NN ()
Compression

Fcy {longitudinal), kel 4.1 20,9 17. 2 13. ¢

Fey (transvarss), ksl 9. 4 20.) 16,1 1,0

K¢ (longitudinal), ket 16,0 9.4 9.9 .1

E; (transvereo), kel 18, 4 9.1 9.9 1.4
Iimpact

(Bar) ftalb(3)* 30 “e 10 .e
Fracture ['oughness (h) - un ne
Bead

{('I'ransverse) Sharple) . .. .s
Shear F,

(Longitudinal), ket LI re . as

(Tranuvesrae), kel 88, 4 “a .e .
Axtal Fatlgue

(Yrausverse)

03 (Ky w 1) (R =m0, 1), kal 61,0 13,0 19.0 .

10% (Ky « 1) (R =0, 1), kel LY} 19. 8 16,0 .e

107 (Ky » 1) (R @0, 1), ket M0 s, 0 1.8 .

103 (Ky = 3) (1t w0, 1), kul 61,0 2.9 7.0 .

10D (1K = ) (W =0, 1), hnl 19, 0 15,0 13,0 .

107 (K » 2) (R a0, 1), kel 4.8 10,0 L} .
Croep

(Tranaveree)

0, &% wlongntion 100 hre, kat ‘- 10,0 L 4,6

0, 2% slanyation 1000 hr, ket . s IR | ), 8w}

1]
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TABLL I

(Conthiand)

Tomjperature, ¥

Prope - tiew "RT [600. TAO0 2000
\'J“l\'ﬂ" ;‘\\ll'.l\ll‘l" N
Rupture 100 he, ksl -- 11,0 7.8 3. 4
Rupture 1000 hr, kel .- 9.0 5.8 41
Streas Curroaton
80 percent Fyy 1000 hr max N cracks .- . -
Cuelficient of Thermal Expanulon
60 Lo 2000 I | 8.7x 10 in, /tn, /F
Denalty(3, 4) ! 0, 322 1b/in, 3
Ductile to Brittle Nend=-"Tranattion
Temperature, ¥ Lower than =100 j(4)
Melting Temperature 2680 1°(8)
Newes:  {hvimal conduretivity, Wi /o e’y ae 70 b = d00 (8) (D)
8o = aso
1100¢ =« 300
1800 F =~ %0
10 = ey
Klecitical toslativity, mictolnsem (10 7) .0 () (M)
apevifie hoat, MuAb/S 0,108 (A)($)

*Refetennes are given on peye 47,
(a) Dald ace averaja valua,
(M) Apechinicmn tailed i & dictile mannat.

() Mhaep bending Tup (TA-dep angle). spociiion unluadeé hond angle over 100 dog no vracks 4t AT,
(o) Rbaep hording Tup (70 dug angle)s tis ctacke ar <00 ¥

(#) Tewativer verilivation test by pogtess.
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TABLE I, TENSILE RESULTS FOR TD NICKEL SHEET(2) AT FOUR

§ BT T T —

TEMPERATURES
0. 2% Offset Ultimate Elongation Tensile
Yield Strength, Tensile Strength, in 2 Inches, Modulus
Specimen ksi kel percent psi x 106
Lengitudinal at Room Temperature
1L-1 46,1 63.7 15.5 16, 6
1L-2 46.2 63.7 13.0 17,0
1L-3 46, 2 63,3 15,0 17,0
Average 46,2 t3.6 14,5 16.3
Transverss at Room Temperature
1T-1 45, 7 63.8 14.5 17,58
1v-2 45,6 63.8 14,5 17.9
IT-3 ib. 6 63.17 14. 5 18,0
Average 5.6 63,8 14,5 17,
Lorgitudinal at 1600 I
1L-4 21,0 2.1 5.0 10,8
1L-5 21,1 &1, 3 1.5 10,7
116 21,5 21, 17 5,5 10,9
Average 21. 2 1.4 5.0 10. 7
Transverse at 1600 F
1T-4 20,4 20,7 3.0 10,8
IT-5 20,1 20, % 3.0 9.8
1T-6 2C, 4 20,8 3,0 10, 5
Average 20.3 20, 6 3.0 10. 3
Longitudinal at 1800 F
1L-7 17,7 17,8 5.0 9.1
1L.-8 17,6 18,0 5.0 2.3
1L-9 17,8 18,0 6,0 9.0
Averuge 7.1 . L) 9.1
Transve.se at 1800 F
1T=-17 16,8 17,1 .3 9.1
1T-8 16, 8 17,0 -- 8.8
1T-9 16.7 17,2 3.0 8,7
Average 16,8 1. 3.0 8,8
Longitudinal at 2000 F
1L-10 14,3 14,7 8,0 7.7
1L-11 14, 4 14,8 8.0 8.2
1L-12 14,1 14, 6 8,0 8,8
Avarage 3.3 . 8.0 5. ¢
Trunsveras at 2000 F
1T=10 12,7 13,2 L8 9,9
1T=11 12.8 13,3 3.0 B.3
1T-14 14,1 13,4 3,0 7.4
Avorage ] 33 7.0 . b
————" T TR S T SR et T gy e e
() 0, n00<Inch stroserelieved shkey,
17
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TABLE IlI, COMPRESSION RESULTS FOR TD NICKEL SHEET(a} AT
FOUR TEMPERATURES

0. 2% Offset Compresesinn -
Specimen Yield Strength, ksl Modulus, psix 106 : ‘
|
Longitudinal at Room Temperature i
2L-1 42.3 , 15,5 |
2L-2 42,0 16,7 '
2L-3 42,0 15,8
Average 42,1 16. 0
Transverse at Room Temperaturer
2T-15 49.3 i 18,3
2T-2 49.8 18,5
2T-3 49,2 18,5
Average 49. 4 18,4
Longitudinal at 1600 I
2L-4 20.5 9.4
2L5 R0, 6 9.9
2L-b 20. 6 9,1
fiverage 20,9 9.5
Transverse at 1600 F
eT-4 20.3 9.9 .
2T=-5 20,3 9.1
2T-6 . 20.4 10, 1
Average 20,3 9.7
Longitudinal at 1800 F )
2L-17 17,2 9.8
2L-8 17.3 10, %
2L-9 17,1 _ ) 9.3
Average 17. ¢ . 9.9 {
Transverse at 1800 F ' |
| eT-7 16,3 10,0
_. 2T-8 16, 6 9.8
. 27T-9 15, 8 10,0
Averuge 1€, 1 9.9
. Longitudinal at 2000 F
‘,' 2L-10 13,6 7.8
- 2L-11 13,8 8.0
2L~12 13,8 7.4
Aveorage 13, 6 7.7 |
Transverss at 2000 I '
2T-10 12,7 7.7 |
2T-11 13,1 7.4 . | :
; 2T-12 12, & 7,1 N
Average 2.8 7.4 !

‘ (8) 0,080«inch ntrem-relieved sheot,
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TABLE IV. FRACTURE-TOUGHNESS RESGLTS FOR
TD NICKEL SHEET(a) AT ROOM

TEMPERATURE _
Width Beyond Notch
Crack Tips(b), - Strengthlc),
Specimen in, pei
5-1 2,145 57.3
5-2 2.240 57, 4
Average ¢. 192 57.3

(a) 0,080-inch stress=rellved sheet; transverse specimens.

(b) Data on center notch precracked speciinens, Nominal specimen width is 3 {nches,
The precracks produced by fatigue loading developed in a shear plane and, there-
fure, were uut nornial to the loading direction.  Fractures were completoly ductile
and there wag considerable teduction in thickness at the fractuzes. Therefore, data
obtained wore outiide criterfa for computing valld Kje values.

(¢) The notch atrength (undetermined K, since notch is a fatigus crack) ls considerably
higher than the room temperature Fty (45.6 kai) but less than tho F,, (83.8 lui).

TABLE V. SHEAR TEST RESULTS FOR TD
NICKEL SHEET(2) AT ROOM

TEMPERATURE
Ultimate
Shear Strength,
Specimen pai
Longitudinal _
4L~1 57.8
4L-2 58.7
41.~3 57. 4
Average 37.9
Transverse
4T-1 §8,1
4T=-2 ’ 59,2
4T=-3 58. 0
Average 38, 4

(&) 0.080<Inch strans=relicved sheot,

39
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TABLE VI, RESULTS OF AXIAL-LOAD FATIGUE TESTS l
CN TD NICKEL SHEET(28) AT THREE !
TEMPERATURES
_ B
Maximum Lifetime,
Specimen Stress, ksi _ kilocycles !
Room Temperature !
8-52 63 3.4 !
5-51 62 26 -
5-40 60 7.0 ‘
5-57 58,5 246 b
5-54 57.5 316 ‘ ‘
R.4] 55 253
5-49 52,5 653 A
5-39 50 840 ‘i
547 47. 8% 1,974 i
5-44 45 >12, 307(b)
5-36 40 >10, 097(b)
‘1600 F
5«50 23 ' 1.4
5-45 22 2. .
5-88 21,5 29
5-60 21 44 .
5«37 20 47
5-33 19 243
58-89 18 993
5-48 17.% 2,339
5-85% 16 8,974
5-39 15 >10, 072(b)
1800 I
5-63 18. 58 ' 4.6
5«64 18 2¢
370 : 1.5 4.7
8.67 17 _ N
5-68 .16 _ 133
5-69 .15 ' 150 ;
5-6€6 14 L, 170 |
5-65 13 3,846
5-62 12,8 .- 3,313 K
R S I ' 1.5 »17, 160(b) '
- _
T {a) L 080=inch mon-'r?llnved sheet| transvenio specimeny; Rw 0,9,
(b) Speaimen did not Ial, '
' 40




. TABLE VII. RESULTS OF AXIAL-LOAD FATIGUE
i IN TESTS ON NOCTCHED (K, = 3, 0)

1 TD NICKEL SHEET(a) AT THREE
TEMPERATURES
Maximum Lifetime,
Specimen Stress, ksi kilocycles

Room Temperature

5-23 60 2.0
5-2 55 8.0
5-1 50 16
5-6 45 37
5-17 40 104
5.22 38 170
5-26 30 632
5.7 25 1, 704
5-10 22.5 >10, 057(b)
i 5.5 20 >12, 567(b)
1600 F
5-11 22 1.3
5-4 20 5.7
5-9 17.5 27
5-27 15 104
5-12 14 190
5-3 12.8 271
5-14 11,8 808
5-1% 1 3,800
5-8 10 >10, 010(b)
1800 F
)
r 5-30 17 6.8
‘ 5-19 16 5.0
! 5-16 18 21
: 5.20 14 23
8.24 12 108
- 825 , ¥ 306
5.21 10 2, 311
5-28 9 1, 301
; s-31 9 7, 430
L ' 5.29 8 >17, 004(b)

| - v (a) . OU0-lach siress-telleved thoat, transverse spaclinens Re 0.1,
(h) Bporimon did net fail,

41

oy o —— -~ =

| P P




ey

v

TABLE V1,

NICKEL SHEET

Temperature, Expansion,
¥ percent
68 0
200 0. 083
400 0,22
600 0.37g
800 0, 53g

1000 0.71%
1200 0.89¢
1400 1.08g
1600 1,283
1800 1. 48g
2000 1. 69g

_-———-_.-_._————_
W

TABLE IX, MEAN LINEAR THERMAL-
EXPANSION COEFFICIENTS
FOR TD NICKEL SHEET
———e—ee——————e—r—
Tempuraturs Coefficient,
Range, F in, /in, ¥, x 10~6
68-200 6.4
68-400 6.8
68-600 1.2
66-800 7.8
681000 1.7
68-1200 1.9
681409 8.1
68-1600 " 8,3
68-1800 8.8
68-2000 8,7

e vad o
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TABLE X. STRESS-RUPTURE RESULTS FOR TD NICKEL
SHEET(a) AT THREE TEMPERATURES

Specimen Stress, ksl Lifatime, hours
1600 F
3-1 16 0.6
3-2 14 45
3-4 12 3.8
3-6 10,5 245
3-9 9.8 493
3-13 8 >1488(b)
1890 F
3.3 10 13.9
3'5 3. 5 62. 6
3‘7 ‘ 360 9
3-8 6.2 ., 588
3-117 8,2 >1086(®)
aobo ¥
3-10 7.9 2.8
3.1 5.3 104
1-18 8,2 >1320(b)
3-14 5,1 (

(b) cpecimen did not fall,

Py S S O S

(a) 0,000~inch stress=relieved sheet,
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FIQURE 26, ALXIAL-LOAD FATIGUE RESULTlS FOR STRESS-RELIEVED
TO NICKEL SHEET AT THREE TEMPERATUREY

B Tt 1 I
! 0.080 + ineh sheat
'raneverse .
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| s
Y e - 1800 F
Bk o |
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T | -1800 # >
u | 1
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FIQURE 27, AXIALSLOAD FATIGUI RINULTS FOR NOTCHED {Kt » 3,0},
STRRSS=RELIKVED TO NICKKL SHEET AT THREE
TUMPERATURICY
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FIQURIE 8.

0.060 -inch sheet
80 N
t
‘3 \ Uttimate
L
¢ | ™~
g 40
&
0.2% yleld
20
oL .
18
- Reo o)
L. | Modulus é
_ . - — —_
°~-“-~ ‘-“~~ "g
) - -
o ~ -
Elongation -~ L 5
1
~ -8 g
0 0
0 400 800 1200 1600 2000
Temperature, F A-083338

EFFECT OF TIKMPERATURE ON THIE TENSILE PROPERTILY OF

SIPRICYS-RELIGYED 'L NICKE L SLHERT




0.2 % Yield Strength, ksi

40

80

[ EI -_....1

0.080 - inch sheet
w__-‘.,__..__..*.._-,..\ - I R PO ‘“ﬂ

L

FIQURE 9.

0 = e, —
e
Modulus
ES————
(o] 40 900 1200 1600 2000
Temparature, F AC08008

LFFECT OF TEMPERATURE ON THE COMPARASION
PROPERTIIS OF 3TNICES-RELIKVND T'D NICKKL,

SHEKT
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APPENDIX II

HP 9-4-25 PLATE DATA(#)

R N 2—_—y

TADLE X1, DATASHUEET FCR HP 9 4.25 PLAYTE
Condltion; 1025 F temper
Thickness: .25 inch
]
= 3 : o “| ]
Properties “RT Gy o 900
Tensile

Fy, (longltudinal), kai 197 182 165 138

Fyy (transverse), ksi 197 183 166 138

Fty (longitudinal), kei 184 161 146 123

Fy, (transverse), kei 185 los 147 125

e, (longitudinal), percent in 2 in, 15,1 15. 8 15,0 15,7

et (traneveroe), percent in 2 in. 15,5 15, & 15.2 16,5

E, (longitudinal), pei x 106 27,3 25,17 24.1 21.5

E, (transverse), psi x 106 27. 8 26,2 26,0 22.9
Compression

F.y (longitudinal), ksi 200 178 164 134

F., (transverse), kei 197 178 164 134

E.'(longitudinal), kai 30.1 28,7 27.7 28,7

E_ (transverse), ket 28.9 27,17 26.4 24.8
Impact . '

Churpy V=-Notch, ft-1b(6} 35-50 .- .- .-
Fracture Toughness (Kje) .- .-
Shear F °

{Longitudinal), kst 128 .- -- --

(Transverse), ksl 128 e -- .-
Axial Fatigue.

103 (K, 1) (R = 0,1), kai --

105 (K a 1) (R=0.1), ksi --

107 (K, = 1) (R w 0. 1), ksi ‘e

103 (K, = 3) (R = 0, 1), ke --

103 (K, = 3) (R = 0.1), kel --

107 (K¢ = 3) (R=0.1), kei --
Creep

0. 5% elongation 100 hr, ksi -- --

0. 5% elongation 1000 hr, ksi .- .-

49
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TABLE XI. (Continued)

Temperature, F

rroperuesd Kl

500 ) 100 YOG

Stress Rupture
Rupture 100 hr, ksi .e
Rupture 1000 hr, 1si .-

tress Corrosion
BO peveent 0 1000 hr niax

Coefficient of Thevo 0w jertvons
68 F to 800 F

Density

6.4 x 106 in, /in, /°F(V)

0.28 1b. /cu in, )

*eferences are given on page 67,
(8) Daté tre average values,

50
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TABLE XII,

TENSILE RESULTS FOR 1P 9-4-245 PLATEE)

AT FOUR TEMPERATURES

0, 2% Offsect Ultimate Elongation Tennile
Yield Strength, Tenuwile Strength, in 2 Inches, Modulus,
Specimen kai kei percent pei x 106
Longitudinal at Room Temperature
1L-1 185 200 15,0 28.0
11.-2 184 196 15,5 27. 4
11.-3 184 196 1o 2h, 5
Average 184 197 15,4 i,
Transverse at Room Temperature
1T-1 185 197 15,0 28.9
iT-2 184 197 16.0 21,3
1T-3 165 197 15, 8 27, 1
Average 185 197 15,5 27.8
Longitudinal at 500 F
1L-5 162 183 16,0 26. 5
1L-6 160 180 15,5 25,7
1L-7 161 182 16,0 25,8
Average 161 182 15. 8 25.1
Transverss at 500 F
1T-8 163 igl 16,0 26. 4
1T-6 162 183 16,0 26.2
1T-7 162 182 15,5 25.9
Aversge 162 183 15, 8 26.2
Longitudinal at 700 F
1L-8 146 les 15,0 23,9
1L-9 147 165 15.0 24,6
IL-10 145 164 15.0 23.9
Average 146 165 15.0 24.1
Transverse at 700 F '
1T-8 147 165 15. 3 25,6
11-9 148 167 15,3 “zb, 1
17-10 147 165 15.0 26,2
—— ———— —— maeprephin
Average 147 166 15,2 26,0 -
51
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TABLE X1, (Continued)

0.2% Jffset Ultimate Elongation ’l‘enuile
vi.atad Cturnmaoth Momoils Ctucmatle do 3 T at nA. :
. Vicld 5t Teacil < Stremgth, in 2 Inches, N .W...u.é P
Specimen ksi kel .percent psi x 10 : i
Longitudinal at 900 F "
IL-11 BT 138 16,0 22,0 ]
11-12 123 138 ' C15,7 21,1 Py
1L-13 ra 138 15,5 21,4
Average 143 Nt ' 15,7 _ 21,5
i
Transverse at 900 I :
1T-11 122 137 16.5 23,6
r-12 123 138 16,8 23,0 -
1T-13 123 . 138 .. 16,3 22,2 -~
Average o123 138 16,5 7 22,9 : |4
(a) 1026 F temper; specimsans ground w 6.22v1nch thicknes. ’ 7 . ; y
]
% :
3
!
i ‘, L
i
¥
52 y




TABLE XUI, COMPRESSION RESULTS FOR HP 9-4-25 PLATE(2) o
AU FOUR TEMPERATURES -
Cvuly;cﬁ‘o:\}u
0, 2% Oftset Yield Modulus,
Spunimar\ Sfl‘ength, ksi pei x 106
_ l
Longitudinal at Room ’I‘enmerafure
21,1 200 30.0
2.2 200 30, 1
A 529_ KYV
Avurage 200 30.1 !
Transverse at Room Temperature
2T-1 198 2B8.9
2T»2 197 28,9 N
2T-3 197 29.0 )
" Average 197 28.9 i j
!
Longitudinal at 500 F " ’
2L-4 178 28, ¢ i
2L-5 179 28.9
216 178 28,7
Average 178 28,17 )
13
Transverse at 800 F l
2T-4 179 27,6 i
2T-5 177 1.6 ' '
2T-6 177 27.8 .
|
Avarage 178 27,7 by
longitudinal st 700 F !
' -y
2L-17 164 28.0 i
ZL-8 163 28,0 3
21,9 ;1_62 27,0
A-vo:ngo 164 1.1
83
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TABLE XUI, (Continued)

Comprewssion
0, 2% Offsel Yield Modulus,
Specimen Strength, ksi pai x 106

Transverse at 700 F

. b
2T-7 164 26,7 : o
2T-8 164 5.8
279 T 20,8 ‘

Average ) L 20, 4 ‘

Longitudinal at 900 F X
2110 (33 26.6 _
eL-11 134 25,0 ' i
eL-12 134 25.4 i !
: !
Average : ' 134 . . e8.7 !
' .
Transverse at 900 F ‘
. o i
2T-10 135 - 25.2 : T
2T-11 B - 133 24,8 ' i
e1-12 133 " 24, 4 | j
Averago R 134 24.8 ’
O
(a) 1026 P tempor; specitacns ground to 0.82-Inch thicknes.
i
. |
l
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TABLE X1V,

SHEAR TEST RESULTS FOR HF 9-4-25 pLATE(®)
AT ROOM TEMPERATURE

Ultimate Shear

Specimen Strength, kesi

'Lon!éitudinal

4.~ 1 129

41,2 i 128

. ' 128

Average 128
Transverse

4T-1 131

4T-2 127

4T-3 125

Averuge 128

S S S N R S e I "
(a) 1026 F tempsr; specimens ground to 0.22-inch thicknuss.

55
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FIGURE 32, EFFECT OF TEMPERATURE ON THE TENSILE
FPROPERTIES OF HP 9-4~25 PLATE
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FIGURE 33. EFFECT OF TEMPERATURE ON THE COMPRESSION
PROPERTIES OF HP 9-4-25 PLATE
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APPENDIX III
i .
.: HP 9-4-45 DATA'2) !
l
|
: TABLYE XV, DATA SHEET FOR HP 9-4-48 PLATE g
Condition: Bainitic :
475 F 68 hr ]
v Thickness: .25 inch h
Temperature, F 1
Propertiss : RT 300 500 - 3
Tensile '
Fiy (longitudinal), kei , . . . ., . 270 272 234 -
Fiy (transverse), kei, . . . . . 268 271 235 ne B
Fiy (longitudinal), ksi 222 196 167 -
] Fuy (transverse), ksi 224 197 166 me
ot (longitudinal), percent in 2 in. 10,7 13,2 16. 5 --
e; (transverse), percent in 2 in. 10,0 11,6 15,7 -
E. (longitudinal), pei x 108 217. 1 26.8 24,6 --
E, (transverse), psi x 106 27. 17 26, 6 24, 9 ~-
Compreasion &
Fcy (longitudinal), kai 249 219 187 -- Ok
Fcy (transverse), ksi 251 224 192 -
- Eq'(longitudinal), ksi 29.3 28,4 27.9 -
E. (transverse), kel 29,2 28,2 27. 1 --
k Impact :
(charpy v=notch, ft=1b (6)* 16~22 -- . -= 1A
i
Fracture Toughness (Kj ) .- e %
Shear F, f
(longitudinal), kai 159 .- e s
(transverse), ksi 159 ;
L
Axial Fatigue [
103 (Kywl) (Ru0, 1), kei -- ]
105 (Kywl) (R0, 1), kai _ . :
107 (Kew1) (Rw0, 1), kel - '
103 {K¢=3) (R=0, 1), ksi -
105 (Ktw3) (R=0, 1), kst -
107 (K¢m3) (Rm0, 1), kst
’ : Creep
0. 5% elongation 100 hr, kei -- ,
0. 5% elongation 1000 hr, kai . ;
| |
58 [
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TABLE XV. {Continued)

Properties

lempurature,

RT 300 500 -~

Stress Rupture
Rupture 100 hr, kei
Rupture 1000 hr, ka.

Stress Corrosion
80 percent FtYIOOO hr max

Coefiicient of Thermal Expansion
68 to 800 F

Density

6.2 x 106 in. /in., /°F ()

0.28 lb/cuin. (7}

* Referonces are given on puge 67,
(a) Data are average values,
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TABLE XVI,

TENSILE RESULTS FOR HP 9-4-45 PLATE(a)

AT THREE TEMPERATURES

S —
f
0. 2% Offset Ultimate %Elongation Tensile
Yield Strangth, Tensile Strength, in 2 Inches, Modulus,
1 __Specimen keai ksi percent psi x 106
" Longitudinal at Room Temperature
11 -1 222 275 9.0 27.0
1L~2 222 268 12. 0 27,2
1L=-3 223 268 11.0 27,1
Average 222 270 10. 7 27.1
Transverse at Room Temperature
]
1T=1 223 268 10, 0 27. 6
? 1T=2 223 268 10. 0 28.1
: 1T-3 225 268 10,0 27.5
} Average 224 268 10. 0 217
Longitudinal at 300 F
1L-5 197 271 15,0 26,8
1L<6 195 272 11,0 26,8
! 1L=7 196 272 13,8 26,7
. Average 195 272 13,2 26.8
Transverac at 300 F
1T=5 197 T 11,2 26,4
¢ 1T=6 198 271 11,8 26.9
; 17=7 200 271 12.0 26, 4
' Average 197 271 11, 6 26, 6
Longitudinal at 500 F
5 1T~8 169 235 16,5 23,9
f 1T=9 168 238 16. 5 24. 6
f 1T-10 163 233 16, 5 28,3
: Average 167 - 234 16,5 24. 6

i

6V
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TABLE XVI. (Continued)

Bacs o ko

Craninean . . - -
TET e ) Ay -t T
Transverse at 500 F

1T=-9 166 235 15.7 25.5%

1T-10 &5_6_ 234 15.7 24.8
Average 166 238 15,7 24. 9

—— ]
(a) 475 F tempet; speciiners ground to 0,22-inch thickness.
.
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TABLE XVI., COMPRESSION RESULTS FOR HP 9-4-45 PLATE(a)

. AT THREE TEMPERATURES i
0, 2% Oliset | i
Yield Strength, Compression i
Specimen kei Modulus, psi x 10 |
I
Longitudinal at Room Temporature : : §
2L=-3 249 29. 1
2L-11 : 249 . 29.3
2L=12 : 249 27. 4
Average 249 29,3

Transverse at Room Temperature

27-1 251 29.13
2T=2 251 29,3
2T=3 25! 29, 1
Average %51 29,2

Lon‘ltudiml at 3_00 F

2L-4 220 28. 6 .
2L-8 217 28,5
2L-6 : 220 28. 2

Average 219 28, 4 S .

Tranaverse at 300 F

2T=~4 224 28.2
2T-8 22} 23,8
2T=6 224 28.0
Averasge 224 28.2

Longitudinal at 500 F

2L=7 182 27. 7
2L-8 188 28.13
2L-9 190 27.7
Average 187 27,9
Transverse ai 300 F ' .

2T=7 194 27,1 )
. 2T-8 190 27. 4
\ 2T-9 192 27. 4
5 Average 192 27,3

fs) 418 F temperi apecimen ground to 0, 98-ineh thickness.
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TABLE XVIII,

|

SHEAR TEST RESULTS FOR
HP 9-4-45 PLATE(%) AT
ROOM TEMPERATURE

Ultimate Shear

Specimen Strength, kei
Longitudinal
4L-1 157
4L-2 161
4L.-3 _ﬁ
Average 159
Transverss
4T-1 161
4T-2 158
4T=3 189
Average 159

. . 4
(a) 478 F tempar; specimens ground to 0,88 -inch thicknems.
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FIGURE 34, EFFECT OF TEMPERATURE ON THE TENSILE
PROPERTIES OF HP 9-4-43 PLATE
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