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ABSTRACT

The major objectives of this research program are to evaluate newly developed
structural materials of potential Air 'Force weapons systems interest and then to pro-
vide data-sheet-type presantations of mechanical data. The first year's effort, covered
in this report, has concentruted on TD Nickel, HP 9.4 steoels, AFC-77 stoeo, and
Lockalloy (6ZBe.38AI).

The mechanical properties investiigitted included tensile, compression, shear,
bend, fracture toughness, fatigue, creep, and stres, corrosion at appropriate
temperatures,

iii



TABLE. OF CONTENTS

Ewge

I. INTRODUCTION . 1

Ii
I. SCOPE . .

Test Materinils . .. . . 2

TD Nickel Shoet ... . . . . . Z .
HP 9-4-Z5 Plate . . . . . . . . . . .. 3... . . . . 3
HP 9-4-45 Plate . . . .. . . . . . . . . .. . . . . 3
AFC-77 Shoet . . . . . . . . . . . . . . . . . 4
Lckalloy (62Be-38A1) Sheet ... . . . . . . . . . . . 4

Proceusing and Heat Treating . .. . .. .. ... 5
TD Nickel Sheet ........ ..... ..... 5
HP 9-4-Z5 Plate ...... .............. ... .... . ... 5
HP 9-4-45 Plate ...................... . . . ......... 5
AFC-77 Sheet .............. . . .. . . ................. 5
LockalIoy (6ZBe-3SAI) bhoot ........ .............. 6

Mechanical Properties ,... ........ . . . . 6

ILU EXPERIMENTAL. PROCEDURE . . . . .

Specimen Identificution . . . . . .... . . . . I
Test Description. . . . .. .. . .

Compression .. . . . . . . .. . . 16

Comr esu siTo gns.s. . . . . . . . . . .. . . . 16 . 3
shoal,... . .... 16.

Be end . . . . . . . . . 09
rracturs Toulhneso go •l
Creep anmd stroll Ruptue ,14

Stress Corroiion. . . . *. 14
Thermana Expansion .. .. *3
ratt•ue . . . , .1 6 25

Status oL MWteriol Ev40wtions . . . . . .
TD Nickel het . . ... .. . . .. , s 3;HP 9-4-20 and HP 9.-4,. Plates . .. 3
AFC-7? Sheoot •. . . . , .. 33
Lockalloy (6goe.-3AI) Sheet . . . . . . . ., 33
Additional Mateaials 13• 3

Results . . . . . ." . . 33

APPENDIX I. TD NICKEL SHEET DATA . ........ .. .. 35

APPENDIX 11. HP 9-4-2S PLATE DATA .. . . . . .. . 49

APPENDIXII HP 9-4-45 :LATE DATA . ... .. . . . 59

IV. REFERENCES . . .. . . . . . . . . . . . . . . . . 66

v



LIST OF ILLUSTRATIONS

.' igure L, Shci; and ihin-Siate ±enviue opecimen ...... . . )

Fiaure 2. Sheet Tonaile Spaciman . . . . . . . . . .. . . .

Figure 3. Sheet Compression Specimen ............. 10

Figurn 4. Shoot Creup Specimen .............. .. ......... 10

Figure 5. Sheet Shear Test Speci-nen .... ............ ... .. 11

Figure 6. Unnotched Shoot Fatigue Specimen .......... ............ 11

Figure 7. Notched (Kt a 3) Sheet Fatigue Specimen . . ...... 12

Figure 8, Center-Notch Fracture-Toughnose Specimen .. 3.. ... . 13

Figure 9. Edge-Notch Fracture-Toughnehs Specimen ...... . 14

Figure 10 Sheet Streas-Corrosion Specimen . ....... Is

Figure l1, Thermal-Expansion Specimen ...... . ...

Figure 12, sheet Bond Specimen . ........... .5 ..

Figure 13. North American Aviation-Type Comipreusion Fixture ,. . 17

Figu're 14, Fixture Cqaigned Lot Compression Tests #.o 2000 1 . . . . . is

Figure , Bsnd Te15 Fixture . . . . . . . . . . . . . . . 19

Figure lb. Center-Nutch Fracture-Toughness Specimen in Baldwin Universal
Teoting Machine . . . . . . . . . .. . .. . . .. 1

Figuvee 17, Creep-T~sitino krame With Furnace and Micrometer Micromcopi, , z

I Figure 1IC' An Instrum~inted'Creep Specimen Along With Pretest and Poetteet

speeimen . .... . ............... 23

fri'•uar 19, 19per,)nen Inetalltd in Streas-Corrosion Teat Fixture ... . . 24

"Figuro 20, Alternate-Immer@ion Unit tier Streas-Corrosion Studieo ..... A6

Figur e 21, Recording Dilatometer Apparatus Showing Specimen-Support
Structure . . . . . . . . . . . . . . . . . . . Z7

Figure 22, Reccrdinig Dilatometer Apparatus ... ..... .... . .

Fimure 23, Krouse Fatigue Machine With Notched and Unnotchad Specimen
Installed for Room-Temperature Test .... ...... Z9

vi



LIST OF ILLUSTRATIONS

Incorporated Eleci rohydraulic Teal Machine .. .. .. . .. 30

Figure 25, Control Console for 20,000-, 50, 000-, and 200,000-Pound-Capacity
Research Incorporated Fatigue Machines .......... 31

Figure 26, Axial-Load Fatigue Results for Stress-Relieved TD Nickel Sheet at
Three Temperatures ........ ............. ..... .. 44

Figure 27, Axial-Load Fatigue Results for Notched (Kt - 3.0), Stress-Relieved
TD Nickel Sheet at Three Temperatures ...... ...... 44

Figure 28. Effect of Temperatures on the Tensile Properties of Stress-Relieved
TD Nickel Sheet . . . . . . . . . . . . . .. . . 45

Figure 29. Effeot of Temperature on the Compreisson Properties of Stress-
Relieved TD Nichel Sheet ........ .............. . ,.46

Figure 30. 0. Z% Deformation Curves for TD Nickal Sheet at Three TemperatLurs
Temnperatures .*.,. . .. . .. .. . . .. 47

Figure 31. Stress V/ersus Rupture Time for TD Nickel Shoot at Three
Tomperature . ..... , .. .... ... . 46

Figure it. Effect of Temperature on thi, Tensile Properties of HP 9-4-25
P late . . . . . . . . . . . . . . . . . . . . . .. 56

Figuro 33. Effect of Temperrature on the Compression Properties of HP 9-445

P'late . . . . . . . . . . . . . . . . . . . . . . 5?

Fiiures34. Effect of Temperature on the Tensile ,roperties of HP 9-4-41 Plate. 64

Figure 3.. Wofe't of Temperature on the Compression Properties of HP 9-4-45
Plitt* . . . . . . . . ..e 65

LIST OF TABLES

TabeI I. Data Sheet for TD Nickel Sheet .. .......... 35

Table U1. Tensile Resultm for TD Nickel Sheet at Fnur Teinperslere., 37

Table I11. Compression Results for TD Nickel Sheet at Four Temperatuares 35

Table IV, Frav'turo-Toughness Results for TD Nickel Sheet at Room
Temperature ...... ...... .... . 39

Table V. Shear Test Rewults for TD Nickel Shoot at Room Temperature , 39

vii

_ _ _ _ _ _ _



LIST OF TABIES

Table VI. Results of Axial-Load Fitigue Tests on TD Nickel Sheet at
Three Tern r, tii¶r @. .. . . . . . . .. .

Table VII. Results of Axial-Loid Fatigue Tests on Notched (Kt w 3.0)
TI) Nickel Sheet at Three Tomperatur.s .... 41

Table VIII, Linear Expansion of TD Nickel Sheet ..... ....... 42

Table IX. Mean Linear Therrmal -Expansion Coefficientit for TD Nickel
Sheet ............. . 42

Table X. Stress-Rupture Results for TD Nickel Sheet at Three
Temperatures . ., 43

Table XI, Data Sheet frr HP 9-4-25 Plate ................. 49

Table XII. TensAle Results for HP 9-4-25 Plate at Four Tomperathtre . 51

Table X111. Cormpression Results for HP 9-4-25 Plate at Four
Temperatures ........... ........... ..... .5

Table XIV. Shear Test Revlte for HP 9-4-25 Plate at P.oom Temperature, 55

Table XV. Data Sheet for HP 9-4-45 Plate .... ... ... .

Table XVI. Tensile Results for HP 9-4-45 Platc at Thoee Temperature , 60

Table XVII, Compresslon Reosult for HP 1-4-45 Plate 4t Three
Temperatures . . . . . . .. . . . . . . . . . 62

Table XVLU. Shear Test Results for HP 9-4-41 P~late at Room Temperature, 63

viii



I

INTRODUCTION

mackg round

rneR -ned Performance requirtment: of.A.1r 'Force wisapona Bi~~e£a~ I

selection of materials having optimum characteristics vitally important. Frequently
the requirements are such that the most suitable alloym are aither in the final develop-
ment stages or have just become commercially available.

However, since these alloys are new, there may not be adequate mechanical-
property information available for airc.raft and. aerospace companies to ackngwledge 'Ihelk
as candidate materials. The Air Force in recognition of this need initiated a program
at Battelle for obtaining engineering data on selected newly developed alloys. The ,3x-
pectation is that such data could serve to stimulate interest in the exploitation of these
materials for advanced structures,

Objective

The primary objective of this program is to obtain comparative engineertng data
for newly developed structural alloys using standardised tests proceduresj 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, The materials &rot

(1) TD Nickel sheet
(2) HP 9-4-.5 plate
(3) HP 9-4-45.plate [
(4) AFC-7? sheet (two heat treatments)
(5) Lockalloy (62Be-38AI) sheet.

The metallurgical conditions selected for evaluation are described in a later
section.

The program approach was to search published literature and to contact the metal
producers for pertinent data, Tests were scheduled to fill in gaps in the existing In-
formation. Then, upon completion of each material evaluation plans call for issuing a
uniform mechanical-property data sheet with associated graphs. Detailed information
concerning the properties of interest and test techniques are described in subsequent
section&,

I1
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Test Materials

This section contains information supplied by the vendors for all the materials

acquired during the first year of the program. Included for aich material are the

source, condition$ chemistryp and rnechanical-propes&ty data as furnished.

TD Nickel Sheet

Source: E. I. du Pont do Nernoure and Company, Inc.

Form: 0.060-inch sheet

Heatt 1254 and 1287

Condition: Strom@ relieved

Chemical Composition, percent h
Heat: 1254 ij

Carbon 0.0012 0,0035
Titarnium <0,001 <0.00 1
Iron <0.01 0,01
Chromium 40, 01 <0, 01
Cobalt (0, 01 (0.01
Copper <0. 001 0,003
Sulfur 0.0013 <0.00 1

ThOZ 2.3 2,3

Vendor Test Report

Tensile(a)
Toot Ultimate Tensile 0. Z% Yield Elongation in

Heat Temperature, F Strength, kl S trength, kei I Inch,_ percent

1254 RT 63, 6 45.8 16.8
2000 13,6 12.9 5.0

1287 RT 64,.3 48,6 17.0
2000 13. z 12,4 6.0

(a) Tranoverie orlentatlon.

, 2



Stresu Rupwure(a)
Test Elongation in

Heat TermtperatureF Stress, kli Life, hr I-Inch, percent

1254 2000 5.0 >20 2. 1
i 267 ovuv 5. 5 >Z0 4.8

(a) Transverte orientation.

HP 9-4-25 Plate

Source: Republic Steel Corporation

Form: 0,25-inch plate

Heat: 3931021 air rnet, VAR

Condition: Hot rolled and annealed

Chemical Composition, percent

Carbon 0.27 Nickel 8.28
Manganese 0,27 Chromium 0.41
Phosphorus 0,004 Molybdenum 0.49
Sulfur 0,009 Vanadium L. 07
Silicon 0.01 Cobalt 3.90

HP 9-4.45 Plate

Sources Republic Steel Corporation

Forms 0. Z.inah plate

Heat: 3931141 air melt, VAR

Conditions Hot rolled and annealed

Chemical Composition. percent

Carbon 0, i6 Nickel 7.73
Manganese 0.19 Chromium 0.3Z
Phosphorus 0,003 Molybdenum 0.29
Sulfur 0,008 Vanadium 0, 09
Silicon 0.01 Cobalt 4, 03

.3



AFC-77 Sheet

Source: Crucible Steel Company of America

Conditioni Hot rolled and annialed j

Chemnical CormpositionA percentI

0. is ~ Nickel0.1
Manganem. 0.24 Chromium 13.84
Phosphorus 0.010 Vanadium 0.23
S LIf u r 0.018 Mvolybdenum 5.05
S~ilicon 0.2~1 Cobalt 13.44

Locklloy463e.3#I) Seet Nitrogen 0. 06 L
Sourcet The Aeryll~,mi Corparstion- .

Fo1rmI 0,062-iftch sheet

Lot: 6s.6, 65-13, 6841

Condititon: Annealed ,44 houars at 1100 F and etched

Etching 8OlUtidiM .15 percent nitric acid by yolurne ~ ~ ''

2pesrcent hydrcoflovic s~qtd by veIaM. .

Vendor Toot ReportIA

mo Tnsil 0,3% YeldElonlation,

Lot Unit,, __tength. kit j~L ngthhL.k-s

L T TL

65-6 372 M1.5 50.9 50.3 36.0 36.2 a's
65-7 389 H-C 511,6 51.3 33.5 34.2 11.5 9.
65-7 407 H-A $1.6 , 5.6 37.5 37,a 14.5 14.5
65-7 407 H-C. 5,01' 51.l 37,1 36.8 13.5 12
65-13 902 1-A' 41.1 46.9 1,7.' .1 36.0 3.5 6
65,43 902 H1.0 46.1 46,; 36.9 37.9 4 4.5
.69513 90?.'f1.t 46.3 45.6 36.6 37.6 5.9 5.8

63X 9ZH41 46.0 45.7 37.5 37.0 $15 5.3'

'.4



Proceusing and Heat Treating

Procesa ina ai nrl ias" t.,a inmtiv n t RMU..'k.lN.,l -, - . .... .. -.

to vendor recommendations. The treatments used for each of the materials in the
program were as folows:,

TD Nickel Shoot

(1) Evaluated in the as-received, stress-relieved condition.

HP 9-4-25 Plate

(I) Treatment of machined specimens

(a) Normallsed I hour at 1600 F in protective atmosphere and
air cooled

(b) Austenitised I hour at 1525 F in protective atmosphere and
oil quenched

(c) Double tempered I hours each at 1035 r.

NP 9-4-45 Plate

(1) Treatment of machineo specimens

(a) Normalised I hour at 1600 F in protective atmosphere and
air cooled

(b) Auetenittsed 1 hour at 1475 F in protective atmosphere

(c) Quenched in salt bath at 475 F and tempered at 475 F
for 7 hours,

AFC-77 Sheet

(1) Hot rolling of billet (processed at Battelle)

(a) Soaked at 1900 F for 2 hours

(b) Heated to 2100 F and transferred to rolls within 1/2-hour

(c) Rolled with maximum reduction per pass less than
15 percent of thickness obtained for preceding pass

(d) Minimum rolling temperature 1600 r (reheated to 2000 F

when necess ary)

1'



(e) Sixty..two passes were required to reduce 3-1/2-inch billet
to 0. 11-inch sheet

(f) Pickled in 10 percent H 2 S0 4 at 150 F t
(2) Treatment of rolled sheet for machineability

(a) Austenitieed 15 minutes 1900 F in protective a'mosphere and

oil quenched

(b) Double tempered 2 hours each 1400 F

(3) Treatmnent for Group I (rmachined specimens)

(a) Austeniticed 15 minutes 1900 F in protective atmosphere
and oil quenched

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

(c) Double tempered 2 hours each at 700 F

(4) Treatment for Group U (machined specimens)

(a) Austenitized 15 minutes 1900 F in-protective atmosphere and
oil quenched

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

(c) Double tempered 2 hours each at 1100 F.

I Lockalloy (62B ft-3A j) Sheet

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

Mechanical Properties

The various mechanical properties of prime interest for each of the de'sigrated
mcterials are am follows:

(1) Tensile [longitudinal (L) and transverse (T) at room temperature (FR7l)

and elevated temperature (ET)].

(a) Ultimate tensile strength, Ftu

(b) Tensile yield strength, Fty

(c) Elongation, at

V. 6



(d) Reduction in area, RA (when applicable)

(e) Modulus of elasticity, Et

(2) Compression (L and T at RT and OT)

O) romprasuion yield vtrength, ,cy

(b) Modulus of elaa.'iclty, Ec

(3) Impact (at RT and ET when applicable)

(4) Fracture toughness, Kic (at RT and ET)

(5) Bend (at RT and cryogenic temperatures)

(a) Minimum radius

(b) Ductile to brittle bend-transitton temperature

(6) Shear (L and T at RT)

(a) Ultimate shear strength, Fsu

(7) AxIal fatigue (at RT and ET)

(a) Kt a 1, R a 0. 1, Lifetime: 103 through 107 cycles

(b) Kt a 3, R u 0. 1, Lifetime: 103 through 107 cycles

(8) Creep and stress rupture (selected 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 hdurs

(9) Stress corrosion (RT)

(a) 80 percent Ftyj 1000 hours maximum

(10) Coeffictent of thermal expansion

(11) Density.

7



lII

EXPERIMENTA.L PROCEnURl

Specimen Identification

A straightforward numbering Aystern wan used for specimen identification. Coding
consists of a number indicating the type (f test, followed in appropriate caste by a
letter signifying specimen orientation (L (or longitudinal or T for transverse), which is
followed by the specimen number, The final number denotes the location on the originiAl
test panel from which the specimen was taken, Numbers representing the type of test
are as fullows:

(1) Tension
(2) Comprhssion
(3) Creep
(4) Shatki

(5) Tatigute
(6) Fracture toughness
(7) Stress ipgrosion
(8) Thermal expansion
(9) Bend,

For example# I-T-5 is a tr'aneverse oompression epeoimin cut from Pat4l Logaton 4.

Specimen designs used in this programn ar shown Int 1igjulto 1 throuih It, These
specimens conform to dimensional and tolerance speotttcations outlined'in relevant
ASTM standards, in AIA publication ARTC.M 1 or in MAD publication MAD, 191.M, The
applicable standards are covered later In the discussions of prooedures for eond'4•ati'g
each type of test. The I.inch-gage-length tensile specimen (1figure 2) was used only tot
the Lockalloy study, This was to take Lull advantago of the limited amount *I available
test material and to be compatible vth data obtained from other source. alsoeon spelu.
mons w,,ith a I-inch gage length, Full sheet thicknmus speuimens were used ,#OePt where
otherwise noted,

Test Desoription

Toeaion

Prouedurse used for carrying out tensile tests were those recommended in AITM
Methods IH8-6iT and E2l-58T am well as in Federal Test Method Standard 151a
(Method All, 1). Three specimens were tested at each tempersture to detovmine ulti.
mate tensile strengtht yield strength (0, 1% offset), elonoation, and redu•tion in area,
The modulus of Plasticity was derived from load-strain ourvee plotted by an autographic
recorder during each test.

All tensile tests were carried out in Baldwin Universal testing machines. These
inachines are calibrated at frequent intervals in accordance with ASTM Method E4-64.
to assure loading Rucuracy within *0, A percent. The machines are equipped with inte-
gral automatic strain pacers and autogrAphic strain recorders.
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I
The sheet and thin-plate te nsile- ape cinen configurations (Figures I and A) con-

formed to type F2 in Method 211. 1 except that the grip sections contained hr.es-for pin
loading Pin-loadud specimens are preferred because they permit better alignment and

facilitate glriminw in furnaces for elevated-tArnsr;tiir'A tontA

Specimens tested at elevated trrmperaturem were heated in standard wire-wound
resistancc-type furnaces. t;ach turnace was equipped with a Foxboro controller capable
of maintaining the test temperature towithin *5 F nf the control temperature over a
A-inch gage length. Chromel-Alumel thermocouples attached to the specimen gage sec.
tion were used to monitor temperatures. Each specimen was held at temperature for at
least 20 minutes before starting a test,

A.- averaging-type linear-diffe rential-tranoform,,r extensometer with extensions
io bring the transformer unit out of the furnace in elevated-temperature tebting was
used to measure strain. The extensometer conformed to ASTM 83-64T Classifica..
tion B-I having a sensitIvity of *0,0001 inch/inch, The strain rate in the elastic region
was maintaineca at 0. C05 inch/inch/minute. After yield, the head speed was increased
to 0. 1 inch/minute until fracture,

Compression

Procedures for carrying out compression tests were as recommended in ASTM

Method E9-61 along with temperature-control provisions of E21-58T. All tests were
conducted in Baldwin Universal testing. machinea using a North American Aviation-t-ype
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 pyrometer. Three Chromel-Alumel thermocouples attached to
the compression fixture were used to monitor temperature. Temperatures were held to
within *3 F of test temperature with this equipment. A modified version of this fixture
having graphite lateral support blockc as shown in Figure 14 was used for tests to
2000 F. In this case, wire-wound furnaces were used with controls as described in the
previous &ection on tensile tests. Either of these fixture& can be adjusted to accom-
modate specimcns of various thick-neises up to 1/4 inch.

The extensomoter emy'oyed for the compression work was quito similar to that
used in tensile testing. In this case the extension armns wore fastened to the specimen
at small notches spanning a 2-inch gage length (see Figure 3). The output from the
extensometer microformer was fed into a load-strain recorder to provide autngraphic
load-strain curves. During testing, the itrain rate was adjusted to 0,00b inch/inch/
minute. Three specimens were tested at each temperature to determine the compres-

yive yield strength (0, 4% offset) and the compressive modulus of elasticity.

Shear

Single-shear specimens of the type specified in Standard Test Procedure ARTC-
l3-',-I were used for these studies (mse Figure 5). Three longitudinal specimens and
th."oe tranveoret specimens were used to determine the ultimate shear strength at
room tomperature for each material.
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FIGURIU 14, FIXTURE DV.SIGNEE FOR COMPRESSION TESTS TO 2000 F



Bend

Thu procedure used for conducting bend tests it desc ribed in Report MAB- 192 -M.
As shown in Figure 15, the specimen was ploced in a rigid three-point loading fixture.
naoztling Eups o: various rizes were used to determine the minimurn bend radius at room
temperature. Additional tests were conducted below room temperature (limi~ed to

II
30876

FIGURE 15. BEND TEST FIXTURE



Tiwo typon aUftiv Ilat urd-tougiuleall lapc limolii we re Ufled for thu shevt and thin- plate
-jhid~ieu. A contor-tiotch speckmiieta as uowl In Fliulre 8 was used fur t'tin sliest sind a
8 ianlo -adgo -notch spocimail fir *I'owai Iin Piguro 9) wits used for thin plate. Th. dimenu-
sions of thons spectmnins were In accordance with the latest recommnendations of the I

a A'. 1.a, t iuu ua UI r 11 ftUrIt1a1 s10 l1 Toughosu. Themei OP44CIM410 nEad oavmraA things in corn-
rnon. IM$rut, each was danigned for axial-loading tests, Second# grip ends for piln-type
loadingU were pro'vided (to promote the beat posoibA. alignmnent). And third, the spect-
meano ware~ precracked tit the root of the notcheso under fatigue loads, The precracking'
wait ctirrip.1 out with the maxiimum stress limited to 60 percent of Ft This stress level
has bojen foumd tn produce a prey rack of the desirad length in testa oluhort duration while
ziitiinimiciuni pli~ttic deformation at the loading 6cdge of the crack,

All tanailo tuuim oai precracked fracture-tnughnsss specimens word carried out in
lhildwin Uniivoi-ssi teniting inachinos, As shown in Figure 16, a flat spriaag.typo corn.

-ln n M.I p withi oxiiisotiN a rms was uwod illCn c uiinwtWI'In with $in autoarnpile~h Vc cord. r
I? ~t)i poitiaytl :,iltond-tiefoi-mation -ui~vs. 111),. popipn load foi- raintoriisd miiacealtihle to hril -

tie ti'acture wits determined (ramn this ciurve,

In coe-tain ductile muaterials, net section streusew at pop-ink or fracturel mity exceed
the ARTM yiele criterion, In these cases uather than noting Individual stream intensity
ftactors, it is consiider hie4ore useful to report a itotch strength value with the under-
standing that. the notch Is a fatigue art 'ch, When these values are entered on the data
nhest, they will ils footnoted with the crock geometry conditions at (ailure,

At least tiara' spaectrilidn were used tow each rowm-temperature and elevated-
tormporaturi inveutipation.

Computations of 01, or K10 values for materials where pup-in occurs are carriod
out In Accord. nee with procedures recommnended by trawley and Browni.( 0*

StAIVI'Ard dtead-weight -type ereep.Iesting fruamee, as sh~own in rioure 1?1 were
usedforthecreip adstress.-rupture tests, These ~aichines are lralibiated to poprate

welwithin .hs Accuracy requirtmo'ats of AITM Metho I 5Ni)9.S6T4

Sleisomaiis similar to those employed In tension tests (usee Figure 4) were used
4for Cis VI-eep Anld atrm.s- rupture studies. Such a specimen prepared for testing io

uhowii ill ý'iurp 10 atluig with pastost cAnd posliust spetiwnens. As shown, a Platinum
stripi "slide- Puts" extvninisnlatr is itt~achod for measuring i!reep sirolin and three
Chi'smil- Altauaic theariocoutipiuu Pro attauhed to the gage suction for temperatuire milc-
siuk"iaieilit. 1II~tsuusuilaete a lesaVh'i were made visually through windows In the
fuatnai's (sues Vigure 17) jby iiioaup af Mar l ml' roineter mnic rosutiop In which the smnallest
divisioll equals (). O0Q0S 11101,

aim1rol o r SC 1 SVIIIl till :'Aaao U
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FIGURE 17. CREEP- TESTING FRAME WITH FURNACE
AND MICROMETER MICROSCOPE
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S'N utihai v,11. wia (it oonvontionivl Cliroumol A wi, Ce- wound dosi gn with taps ,,"R the
side to 'allow for co rorrctin• sutall tailparature dlfterencoi. Furnace teivipe|rnturrC V(a;

maintuined to within -tZ F by Fuxboro cni-.•'tr ,Ars in 4 espnse to signals] Irom the cv'ri-
trally located thermocouple, 'ha temporaturo of a mspcirnmn untier teat was vtabilizad

Fur .mach temparature condition creep cuid stress-rupturs ditto wera Lbtft!n1•d fo.r
1UO and 1000 hours using an many ipechiens as necessary to ohtalin precise Information,
'Pthe percent creep detormatirn obtained was dependent upon thu mrnaerial under tont, In
most lustancoa either 0. 2 or t, 5 percent eslngition stress-tiee cu rves were defined.

Stress Corrosio~i

Seven bpeclmenes o( ea-:h alloy weve tested for susceptibility to stress-corrostori
rz-Acking by alternatu Irmmersiont in 3-1/2 percent sodium chloride -nlu•'on at room
temperaturi,

Specimens wore prepared for toating by degreasing with acetonG, Where a surface

film remained from heat treAting, it. was abraded oif noe tide and the adjacent long edge
on ((v& of the sevin aespecimens, and left irtact on the other two,

' Each specimen wea placid into a fuur-point loading fixture (set P igure 19) auid
deflectod to at stress corresponding to 80 percent of the tensile yield strength. The
-specimen was electrically inpulated from the fixtur. by means of glass or sapphire rods.

Deflection for a given maximunt fiber stross was calculated by y a 4•,| I , where

y o deflection, a a maximum f'ber stres•, I a distance between outer loId points,
a v distance betvaoen outer and inner load points at one end, d a thilkneml 01 specimen,
,nd E a modulus A elaeticity for the specimen matorial.

rlOUAFW \1 9, SP$XAMICN IMNI.-ALLA'D IN 8TRElS-CORROXION
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Each stressed specimen was suspended on an a]tL-rnate-immersior test uit as
shown in Figure 20, This unit alternately immersed specimens in the sodium chloride
solution for 10 minutes and held them above the solution to dry for 50 minutes, Tests
were continued to the first sign of cracking or fo.r 1000 hours, whichever occurred first.

Specimens on alternate-iine.arsion test were giveni frequent low-power microscopic
examinations to detect cracks. At the first sign of cracking the specimen w•a removed,
At the rconclusion of a tect, selected samples were sectioned and metallographically
examined for any indication of cracks. Representative samples in wrhich cracks have
boen found were also given a metallographic examination to establish the type and extent
of cracking.

The rmal Expansion

Linear-thermal-expansion measurements were performed in a recording dila-
tometer with speci-nens protected 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 Zi. Figure 21 shows a calibration specimen mounted in the support
structure with the vacuum envelope, radiation shields, and heater element r3moved.
These items are shown assembled in Figure 22. In this apparatus a sheet-type specimen
is supported between two graphite structures inside a tantalum-tube heater element, On
heating, the differential movement of the two structures caused by specimen expansion,
results in the displacement of the core in a linear-variable differential transformer.
The output of the transformer is recorded continuously as a function of specimen temn-
perature. The entire assembly is enclosed in a vacuum chamber.

The furnace is controlled to heat at the desired rate, usually 5 F per minute.
Errors associated with meosurements in this apparatus are estimated not to exceed
*2 percent, This is based on calibration with materials of known thermal-expansion
characteristics.

Fatigue

Two types of fatigue equipment were used to perform the axial tension fatigue tests

on notched and unnotched sheet and thin-plate specimens (specimens 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 i. 5000-pound-capacity Krouse ma-
chines as shown in Figure 23, Teost on thin plate or tests requiring a low cycle rate

V wore conducted in Research Incorporated electrohydraulic machines. Figure 24 shows
a specimen being installed in the 20, 000-pound-capacity Research Incorporatad machine.
Figure 25 ohowe the 50, 000-pound-capacity R, I, machine along with the controls for
both units,

The Krouse axial-load equipment is mechanically driven and provides loads on a
constant-deflection oasis. 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 fatigue machines is variable to beyond 2000 cpm depending on specimen
rigidity. These machines operate with closed-loop deflection, strain or load control.
Under load control, used in this program, cyclic loads were automatically maintained
(regardless of the required amount of ram travel) by means of load-cell feedback signals,

Z5
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25153

FIGURE ZZ. RECORDING D[LATOMICTER APPARATUS
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FIGURE 23. KROUSE FATIGUE MACHINE WITH NOTCHED
AND UNNOTCHED SPECIMEN INSTALLED
FOR ROOM-TEMPERATURE tEST

Z9



I. i4~i

I 31234

FIGUR.E Z4. INSTALLATION OF SPECIM4EN IN 20, 000- POUND- CAPACITY

RESEARCH INCORPORATED ELECTROHYDRAULIC
TEST MACHINE
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31372

FIGURE 25S. CONTROL CONSOLE FOR 20, 000-, 50, 000-, AND
ZOO '.O00.-POUND- CAPACITY RESEARCH
INCORPORATED FATIGUE MAGHJ9NES

50,000-Pound Machine Shnwn.
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'Thoe cv llhr~itIl l and auI l igaaiit uo naclh iniichine niro vhockid plnrlod lanlly, In nnrh ceitt
tho dynamic'-lond cantl-r' l au'uracy ii botter thana *3 percent of the teat load.

Fur elevnted-tompernture itudies electrlcal-resistance wire-wound furnaces of
conventlnal deaignl were timed to heat the spe':iens. Three ChronIel-Alumel thermo-
.lilplms, placed near the center of each speciarmen at 1-inch interval., were employed in

furnace calibration. L)uring a fatigue teot, the center thermocouple was used in con-
J. . . .- - - - tdtt4 tf4* Aa. - .-J~ .%.- fC ------ MU.fl .1. 1 1 t tt I *iy *SW8t

gradient along the test section was contimiouesy monitored by the other two thermo-
couiples, During tests the center of the specimen was held to within *5 degrees of the
control t1 anps rature.

After machining, and ho.%t treating where requlreai, the edieu of all fatigue spect-
mens (axcept for Lockalloy) were polished Laccording to. ;lattelle's. standard practice
prior to testing. The unnotched specim,•ni were held against a rotatlin drunn covered
with etuhry, paper and polished utiing a kerosene lubricant. Successlvely finer grits
w- o umId as required to produce a surbice finish of about 10 ri-ne. The notched speci-
mens were held in a fixture and polished with a slurry of oil and Alundum grit applied
liberally tn a rotating wire until n mimilnar fiiiph was aichieved. rhe Lockalloy speci-
men. wore inachimhid and handi finished to UI to 16 ruit In the bUryllium Iiachining

facility. A shadowgraph optical comparator was used for measuring the test sections of
each polished specimen and for inspection of the root radius in the case of notched
specimens.

The stress ratio for all tests was R a 0, i, Stresses for notched (Kt m 3. 0) and
unnotchad specimens were selmated so that S-N curves were defined between 103 Cyclii
and 107 cycles using approximately 10 specimens for each set of fatigue conditions.

!tattle of Material -valustiona

All the alloys designated for evaluation during the firmt year of this program have
been acquired. All these materials were obtained in the desired product form except
for AFC-77 steel. This alloy was not available as sheet in small quanttty. Thereforel
a piece of 3- l/2-inch plate was procured and rolled to sheet using Battelle facilities.
The machining of test specimens wis completed for all materials except Lockalloy.
Only fracture-toughness specimens remain to be machmaid from this alloy. Heat treating
of materials subsequent to machining has been accomplished. Mechanical-property
evaluations for a.l alloys are in progress, The evaluiatlon of TO Nickel is completed,
Individual data-sheet-type presentations of mechanical data will be issued upon com-
pletion of the evalbation of each material, The status of each evaluattoli along with the
expected date for lssuini a completed data sheet is indicated in the following paragraphi.

TD Nickel Sheet

The mechanical evaluation of this alloy is complete. Information obtained for this
alloy is presented in this report, The completed data sheet will be issued by the end of
April, 1966,
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IDI
lip )..4--5 and HP 9-4-45 PLates

All room- and elevated-temperature tensile and compression tests and room-

for both the Z9 and 45 material, Creep and stres- rupt-ure teats are well under way
for the pr5 alloy and have been started for thed out Fnthe at testn has been started.
Tensille, cowpresaon, arid shear data Cor both materials are pr heented in this report,
The cooroleted data sheet for each of these alloysu'sscheduled for the aend of June, 1966.

AFC-77 Sheet i

Me chandcal property atudies to AFC-77 for the two te m pering treatments described
earlier are under way. Preliminary data will become available i y June, 1966. The

completed data oihet will be issued by the end of July, 1966.

Lockalloy (6MBa..38Ate Sheet

The processing of Lockalloy ei being carried out in the same manner eas for the
deign-allowablese studies under NASA Contract NAS 8.11448.(Z) The data generated willy

be coordinated with that obtained from this previous evaluation, The Battelle studies r
are designed to de~rslop fracture toughness, fatigue) creep, stress.. rupture, and stress-
corrosion informataion, .-Preliminary data will be available in July, 1966, with the data
shoot to be issued .by the and of August, 1966.

Additional Mate rials

Five ma~terSias have been designated for evaluation during the second year of the
contract, Theme materials will, for the first few monthse be processed concurrently
with those prement.1y under evaluation. The selected materials are,

Alloy Product Form

7039 alurninum I-inch plate
Z021 aluminum I-inch plate
Berylliurn Cross-rolleJ sheet
HP 9-4-25 Forging
HP 9-4-45 Forging

The initial literature searc4 and organization of data for these materials are com-
pleted, Contacts k ive been made w0ith the miterial suppliers, and arrangements are

being made for the procurement of appropriate quantities,

Results

For convenience, the results of the various tests conducted as of March 15, 1966,
for TD Nickel are presented in Appendix L; or HP 9-4-Z5 in Appendix i; and, HP 9-4-45
in Appendix Ill, The initial table in each appendix is a data sheet summarising data

obtained, with blanks for evaluations that are schieduled. The summary sheet is followed
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by data tables for individual tebts. The series of data tables are followed by -I series
of figures showing these data in graphical form. A final technical report will be issued
at the end of the second year of effort that will summarize all data presented here and
4ý-!ý,A i :, al L tt8CA L' Zur 6i1ISCI and ov her designated materiais.

34



,%PPErNDIX I

TD NICKEL SHE:ET DATA0a)

TABLE 1. DATA S14EET FOR TD NICKEL SHEET

Gonditioni stroos-r),.Leved
Thickno.- 0. 060 Lach

Temperature
Properties RT 1600 1800 - o00

Tens.tlt

Ft,, (Iongitudnsal), kilh 6). 6 a1. 4 17.9 14, 7
P'.W (tran.wvrso), kil 63.8 Z0. 6 17. 1 13, 3
Fty (Joiw 4itg diInaL) kei 46, Z 4.1 Z 17. 7 14, I
F'y (Irmifn•o'r- ), I.ml '&1. 6 401, 3 16. 8 11L, 9
ot (longitudinal), percent In I WRt. 14.5 3, A t. 0 Co 0
.t (triinevesoa), percent in A in. 14. 5 3. 0 3, 0 1,0
Et (lonottudinul), pi. x 106 16.9 10.7 9.1 6, a
Et (tranuvereu) 9 psi x l06 17,8 in, %. 1, i,6

Compresiotn

re4y (longittdinal), kul 42. 1 AD,9 17|, 13.6
Fey (transverse), kli 49,4 1O, 3 161 111$
Me (longltudinal) , kit 16, 0 9, '1 9,9 7•,?
Er (tranaveroe), kei 111,14 9,7 9,9 7,4

Impact
(Iar), It-lb(W) 30 30

Irr.tnro l'oughnoss (h) ....

BoAd
(Trranoveurs) Uharp(',) ..

Shear r.
(Loolnttudtne1), kit • ,9 ..
(Tranoverse), kit S, 4 ..

Axtal ratig.'

(T raikks or so)
10 3 (N 1. ) (R .0, 1), kit 61, 0 i1,0 19,0105 (Kt - 1) (It ,- 0, 1), kol 117. 0 19, a 16,0 .

107 jKt - I ) (it -0. I), kat 4 ,50 11,0 I,| I

tO (KI u 1) (It 0, 1)9 k-i 01, U 6,1 07,0
105• (K•t - 1) (it - 0. 1), k• t 19.,0 |5,0 ,).

107 (K. w 4) (It a 0, 1), kit di. t o0,0 8,0 -A

C raepl
(' r an. va, w•)

0, A% alugoUlt (ili i(100 hr, kit .- 0, 0 1, a 4,6
0, A% olUiNsittln 10)00 lir, kit -- , 3 1, 8 3, (i)
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Ivo'lp tiew Rr 1600. 11400 2000I

11uifuro, 1000 hr, kel -- 9, 0 5.8 4.A

7Itr~upea Curromkimi
80 pertk.nt. F~t) 1000 hr rnaiý No crncke

Coefficient of Thogirnal F.Kp4110loi
61v to Z000 F' S. 7 x 16in, /in, IF'

1)ettllity( 3D 4) 0, 3fl lb/tn. 3

IJuLtIle' to 11ritil" M3it-od 'railiutuial
FLowera thani -10n .(rI)

Kmrlt~ill TIluipf'rAtkiln .16NO1.0 n)

Nlrvoi I twtrnAl "niidurtivity, "1116 Al. (in./t, A 'l at Pi 000 ( 11 C) M~

1100' ? 500

1100? P 340

'Ihfttenu"I. off fivell on P##v67
(a) DatA 6,9 cAVOIA1 Woolaa

Pimp Itagilenjti Top (74.4#0N a ij eurtlwelmol wilu~luad htiln Antil 111,04 1110 di. 1i, m velicki dl RT.
lit) RhAig' 9'ndlill Tills (Ihi 400 411100)l 1W Olta4. 111 11107



TABLE I1. TENSILE RESULTS FOR TD NICKEL SHEET(a) AT FOUR
TEMPERATURES

0. 2% Offset Ultimate Elongation Tensile

Yield Strength, Tensile Strength, in 2 I-Aches, Modulus.Specimen ks| kel percent psi x 101

Lcngitudinal at Room Temperature

IL-1 46.1 63.7 15.5 16.6
IL-Z 46.2 63.7 13.0 17.0
1L-3 46.2 63.3 15.0 17. 0

Average =4Z3.6 .14.5
Transverse at Room Temperature

IT-1 45.7 63,8 14.5 17. 5
1T ý 45.6 63.8 14.5 17.9

IT-j 45.6 63. 7 14.5 18.0

Average A5.6 63.8 14.5

Longitudinal at 1600 F'

IL-4 21.0 21. 1 5.0 10.5

IL-5 21.1 1. 3 4.5 10. -
IL-6 Z1.5 ?1,7 5.5 10.9

Average =1. 1=4T=

Transverse at 1600 F

IT-4 20.4 20,7 3.0 10.5
IT-5 20.1 20. 5 3.0 9.8
IT-6 2C.4 20. 5 3.0 1o. 5

Average ,0.3 3.0"-3

Longitudinal at 1800 F

IL-7 17.7 17.8 5.0 9.1
IL-8 17.6 18.0 5,0 9.3
1L-9 17.8 180. 6.0 9.0

Average =7177M7-.77

Tranwve.use at 1800 F

IT-7 16.8 17.1 3.5 9. 1
IT-8 16.8 17,0 -- 8.5
IT-9 16.7 17.z 3.0 8.7

Averagm 17, 30 T
Longitudinal at 2000 F

IL-10 14, 3 14.7 8.0 7. 7
IL-l 14.4 14,8 8.0 8.2
I1T-12 14. 1 14. 6 8.0 8,8

Average M77-

Truneverato at 2000 F

IT-10 12,7 13,2 3',5 , 9
IT- I 12.8 13. 3 3.0 8.3
,r- 1;d 13. 1 1.3,.4 3.0 7,

Avorugti TM TM
(s) II. II(II|[}- ill , *tr.u-leII"veJ Ih}I~ i,
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TABLE IllI. COMPRESSION RESULTS FOR TD NICKEL SHEETWa AT
FOUR TEMPERATURES

0. 2% o~ffset Compression
Specimen Yield Strength, ksi Modulus, psi x 106

Longitudinal at Room Tomperature

2L-l1 42. 3 15.5
ZL-2 42.0 16. 7
2L-3 42. 0 13.8Average 42."1

Transverse at Room Temperature

2T-1n d 49. 3 18.3
ZT-2 49.8 18.5
2T-3 49,2 18. 5

Average 49.4 18.4

Longsitudinal at 1600 F

L-1 240.35 9184
ZL,.- 40.6 9.9
2L-6 40.6 9. 5

Average 40.9 9.5

Trantverel at 1600 F

2T-4 20. 3 9. 9
?T-5 20.3 9.1
ZT-6 20.4 1061

Average 20. 3 9. 7

Longitudinal at 1800 F

ZL-7 17,2 9.8
ZL-8 17. 3 10.
ZL-9 20. 1 9.3

Average 1720

Transverle at 1800 F

ZT-7 16.3 10.0

ZT-8 16.6 9.8
2T-9 15, 5 10.0

Averige =1 9."9

Longitudinal at 2000 F

ZL-10 13, 6 7. 8
2L-I1 13,5 8,0
ZL-12 13, 8 7.4

Average 13"7

iluversp- at 2000 F

ZT-10 12,7 7. 7
ZT-1l 13. 1 7.4
2T-12 12. b 7. 1

Average T

(i) 0. 000-inch ates.telieved ihect.
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TABLE IV. FRACTURE-TOUGHNESS RESULTS FORTD NICKEL SHEET(a) AT ROOM .
1 EMPERATURE

Width Beyond Notch
Crack Tips(b), Strength(c),

Specimen iln. Pa

5-1 2,145 57,3
5-2 2,240 57.4

Average a. 193 57. 3

(a) 0.060-inch ,rres-reii.:ved sheett, transverse specimens.
(b) Data on center notch preurackei ýpcciincns. Nominal specinen width is 3 inches,

The precracks produced by fatinue loading developed in a shear plane and, there-

fore, were not nornial to tihe Wading dircctlun. Fractures were completely ductiLe
and there was considerable reduction In thickness at the fractums. Therefore, data
obtained were outside criteria for computing valid KIC values.

(c) The notch strength (undeternmined K, since notch is a fatigue crack) is considerably
higher than the room temperature Fty (48.6 ksi) but los than the F'U (83. 8 kit).

TABLE V. SHEAR TEST RESULTS FOR TD
NICKEL SFEET(W) AT ROOM
TEMPERATURE

Ultimate
Shear Strength,

Specimen pat

4L- 1 57. 5
4L-2 58.7
4L-3 57.4

Average 57. 9

Transverse

4T-I 58, 1
4T-2 59, 2
4T-3 58, 0

Average W7

(a) 0. 060-inch stross-relieved sheet.
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TABLE VI. RESULTS OF AXIAL-LOAD FATIGUE TESTS
CN TD NICKEL SHEET(a) AT THREE
TEMPERATURES

Maximum Lifetime,
Specimen Stress, ksi kilocycles

Room Temperature

5-52 63 3.45-51 62 26
5-40 60 7.0
5-57 58.5 246
5-54 57.5 316
5•41 55 253
5-49 52. 5 653
5-39 50 840
5-47 47.5 1,974
5-44 45 > 12 , 3 0 7 (b)

5-36 40 >10, 097(b)

1600 F

5-50 23 1.4
5-45 22 2..'
5-58 21.5 29
5-60 21 44
5-37 20 47

5-59 18 993

5-48 17. 5 2, 339
5-55 16 8,974
5-3d 15 >10, 072(b)

1800 F

5-63 18.5 4.6
5-64 18 -i

5-70 17.5 4.7
5.67 17 33

5-68 16 133
5-69 35 750
5-66 14 1; 170
5-65 13 3,846
5-62 12. 5 3,313
5-61 11. 5 >17, 16 0 (b)

,- ~ ~~(a) , (10-flvwl, #troll -}elinved ,1/c tl tit, •,ivelo ,pecimonl, 'R -O .•

(b) Spcotmer, did ito(t 'fll.
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TABLE VII. RESULTS Or, AXIAL-LOAD FATIGUE
IN TESTS ON NOTCHED (Kt = 3. 0)
TD NICKEL SHEET(a) AT THREE
TEMPERATURES

Maximum Lkfetime,
Specimen Stress, kai kilocycle@

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 35 170
5-26 30 632
5-7 as 1, 704
5-10 22.5 >10, 0 6 7 (b)
5-5 20 >12, 567(b)

1600 F

5-11 22 1.3

5-4 20 5.7
5-9 17.5 87
5-2715 1304
5-12 14 190
5-3 12.5 271
5-14 11.5 808
5-15 11 3,800
5-8 10 >2,1 01(b)

1800o

5-30 17 6,8
5-19 16 7,0
5-16 is 21
5..20 14 23
5-24 12 108
5-215 itI 306
5-21 10 21 311
5-Z8 9 1$ 301
.5- 31 9 7t 450
5-29 8 >17, 0 0 4 (b)

(a) . bOo-iih ires,-relleved iheet, Irjkntvars% specluiseinj R 0. 1.
(h) Arc,'l1tltv did nit fall,
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TABLE VTTV, T.WrVAUW VIZV•• v ., remq
NICKEL SHEET

Temnperature , Expansion,F percent

68 0zoo O. 085
400 0.2z0
600 0. 378

800 0,538
1000 0.715
lz0o o.895
1400 1.085
1600 1. 283
1800 1 488
2000 1.698

TABLE IX. MEAN LINEAR THERMAL-
EXPANSION COEFFICIENTS
FOR TD NICKEL SHEET

Temporaturm, Coefficient,
Range, F in. /n. F, x 10"6

68-200 6.4
68-400 6,8
68- 600 .7, 2
60-800 7.5
68-1000 7,7
68- 1200 7.9
68-1400 8.1
68-1600 8.3
68-1800 8.5
68-2000 8,7

4 i!
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TABLE X. STRESS-RUPTURE RESULTS FOR TD NICI(EL
SHEET(&) AT THREE TEMPERATURES

Specimen Stress, ksi Lifttime, hours

1600 F

3-1 16 0.6
3-2 14 4.5
3-4 12 37.5
3-6 10.5 245
3-9 9.5 493
3-13 8 > 1488(b)

3-3 10 13.9
3-7 a 86.9

3-8 6.2 . Is$
3-17 5. a6 ;i1056(b)

3-10 7.5 a.$
"3.I1 5,.3 104
3-1 5 . 2 >, I130(b)
3-14 1104b

(a) 0. 0O0-inch eteu -rollaved thest,
(b) vpocimen did not fail.
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APPENDIX Il

HP 9-4-25 PLATE DATA(a)

'1A Ml T 'T % IA 1r A OT TT W ?r T7fT) T-13 Q A .I q 0T A0'? '

Coudition: 1025 F ternper
Thickness: .2Z5 inch

Prope rtios 100. *J 900

Tensile
Ft, (longitudinal), ksi 197 182 165 138

Ft, (tranbverbe), kni 197 183 166 138

Fty (longitudinal., ksi 184 161 146 12.3

Fty (transverbe), kai 185 1b6 147 1z2

at (longitudinal), percent 2n 2 in. 15. 1 15. 8 15.0 15.7

et (transveree), percent in ?. in. 15i s 15.8 15.2 16. 5

Et (longitudinal), psi x 106 7, 3 25.7 24. 1 21. 5
Et (transverse), psi x 106 27. 8 2b.2 ?6. 0 22. 9

Compression
Fcy (longitvdinal), kit zoo 178 164 134

Fcv (transverse), kli 197 178 164 134
Ec (longitudinal), kai 30. 1 28, 7 V7, 7 26. 7

Ec (transverse), kat z8. 9 27. 7 26, 4 24. 8

Impact
Chr.rpy V-Notch, ft-lb(6)* 35-50 ....

Fracture Toughness (KIt) ....

Shear Fs
(Longitudinal), kst 128 ......
(Transverse), ksl 128 ......

Axial Fatigue
103 (Kt'• 1) (R - 0. 1), koi --

105 (Kt 3) (R 0. 1), ksi --

107 (Kt I 3) (R a 0. 1), kot

105 (Kt a 3) (R = 0. 1), kri --107 (Kt a 3) (R w 0. 1), ksi -

Creep
0. 5% elongation 100 hr, ksi ....
0. 5% elongation 1000 hr, kst ....
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TABLE XI. (Continued)

Ten•periture, F
Fropertiew AUT .U IOU 90G71

Stress Rupture
Rupture 100 hr, ksi ....

Rupture 1000 hr, I si .... -

Stress Corrusiou
80 fw- ,Ili 0"0,! 1000 hi, In --

Cocfficicnt ol TI*, . - , .
68 F to 800 1" 6.4 x 106 in. /in. /°F( 7 )

Density 0.28 lb. /cu in. (7)

*imcferenci are given on page 675
(a) DMI[A Lre &aveaSe value,.

50t
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"T1ABLEj; XII. TENSILE RESULTS FOR 11kP 9-4-V5 P.I'ikTEO
AT FOUR TEMPERATURES

0, 4% Offstet Ultimate Elongation Ten;ikh
Yield Strength, Tenmile Strength, in 2 Inched, Modulus,

Spe.cimen ksi ksi percent psi x 106

Longitudinal at Room Temperature

IL-I 185 "00 15.0 28.0
S11-2 184 196 15, 5 27.4
I1.-3 184 196 I-

Avvoitge 184 197 11,. I

Transverse at Room Temperature

IT-I 18b 197 15. 0 28.9

iT-z 184 197 16. 0 V7.3
IT-3 165 197 15,5 27,1

Average 185 197 15, 5 27,8

Longstudinal at 500 F

IL-5 16Z 183 16,0 26.5
IL-6 160 180 15, 5 25.7
IL-7 161 182 16.0 25.8

Average 161 182 15. 8 25. 7

Transverse at 500 F

IT-5 163 183 16, 0 26.4
IT-6 Lb2 183 1b, 0 26.2
IT-7 162 182 15, 5 2519

Average 162 183 15, 8 26.2

Longitudinal at 700 F

IL-8 146 165 15, 0 Z3.9

IL-9 147 165 15.0 Z4,6
IL-10 145 164 15. 0 23.9

Avera&ge 146 165 15. 0 24. 1

Transverse at 700 F

IT-8 147 165 15. 3 25,6

IT-9 148 167 15. 3 26,
IT-10 147 165 15,0 26 2

AveraRe 147 166 15, 26. 0
5,



TABLE XII, (Continuued)

0. Z% Jffset Ultimate Elongation Tenwile

Specimen kii kui .percent psix 10

.dongitudinal at 900 F

IL-I1 124 138 16.0 o.2.0
IL-12 123 138 15.7 21.1
IL-13 138 15, 5 1, 4

Average 1r 3 " 15.7 21,5

Transverse at 900 F

IT-I1 I1z 137 16.5 z3,6
I T-]2 123 138 16,8 23,(0
IT-13 123 138 16.3 ZZ.Z K

Average 123 138 S6 ;.29

(a) 1025 F temper; apgclmmnm grou•dl 0, 22-inch thicknes.

I'
I,5Z!
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TABLE XIII. CQMPRES-SIlON P,! KSU,'I'S FOR IHP 9-4-Z5 PL,ATi,(a)

A'ý' FOUR 'TEMPERATURES

0. 410 OL[Let Yield Modulus.
,n.ql . .rl n Srength. ksi psi x 106

Longitudinal at Room Temnperature

2L-1 200 30.0
,'- L.-/• 200 .I

,',D - •Z00 3o. I

Avu rugv 400 30. 1

Transverse at Room Temperature

,1'-1 198 Z8.9
ZT.Z 197 Z8,9
ZT-3 197 29.0

Average 197 2, 9

Longitudinal at 500 F

ZL-4 178 Z8.4
ZL-5 179 28.9
ZL-6 178 28.7

Average 178 Z8.7

Transverse at 500 F

Zr-4 179 27.6
ZT-5 177 V7.6
2T,-6 177 27.8

Average 178 27,7

L~onpgitudinal at 700 F

ZL-7 164 28.0
ZL-8 163 Z8,0
2L-9 165 7.70

Average 164 17,7
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TABLE XIII. (Continuecd)

0, 2% /offseQ t Yield Modulue,

Specimen Strength, kui psi x 106

Transve rse at '700 F

4T-7 164 z6, 7

2T-8 164 8
2T-9 ( •.1 26. 8

Average . /,6, 4

Lam.itudinal at 900 F

2L- Mt33 2 6, 6
ZL-lI 134 Z5.0

134 Z5.4

Average 134 2 5.,7

Transverse at 900 F

2T-10 135 ZS.Z
2T-11 133 Z4.8
21'-12 133 Z4.4

Aver ago .134 24.8

(a) 1Ob F tompor; opecinirns Swund to 0.22-Inch thickuua.
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TAI3LE XIV. SHEAR TEST RESULTS FOR TIP 9-4-Z5 PLATE(a)

AT ROOM TEMPERATURE

Ultimate Shear

Specimen Strength, kui

L~on.tudinal

4L- 1 I29

4L- 128

Ave rage 128

Transverse

4T-2 17

4T-3 UZS

Ave rage 1?8

(a) 1026 F temper; specimen Srund to 0.22-Inch thickness.
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FIGURE 32. EFFECT OF TEMPERATURE ON THE TENSILE

PROPERTIES OF HP 9-4-25 PLATE
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FIGURE 33. EFFECT OF TEMPERATURE ON THE COMPRESSION
PROPERTIES OF HP 9-4- Z5 PLATE
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APPENDIX III

HP 9-4-45 DATA'a)

'1'A.- -T'-' X . DAA SIA V -rl-r' Vnf'~) "V1 O.AA "., ~IT A '1'U

Condition: Bainitic
475 F 6-8 hr

Thickness: 25 inch

empenratiire F -

Properties RT 300 500 --

Tensile
Ftu (ljuagitudinal), kai ........ Z70 27Z Z34 --

Ftu (transverse), kai ...... Z68 Z71 235 --

Fty (longitudinal), kii Z92 196 167 --

Fty (transverse), kei Z24 197 166 --

at (longitudinal), percent in 2. in. 10. 7 13. 2 16, 5 --

et (transverse), percent in Z in. 10. 0 11.6 1 .,. 7
E+ (longitudinal),, psi x 106 27. 1 26.8 24.6 --

Et (transverse), psi x 106  27. 7 26.6 24. 9

Comprension
Fcy (longitudinal), koi Z49 219 187 --

Fc• (transverse), kei Z51 2Z4 192 --

Ec (longitudirAl), ki Z9. 3 Z8, 4 27. 9 -

Ec (transverse), kel 29, 2 28. 2 27.3 --

Impact
(charpy v-notch, ft-lb (6)* 16-21 -

Fracture Toughness (Kmc)

Shear F.
(longitudinal), ksi 159
(transverse), ksi 159

Axial Fatigue

103 (Ktl) (R,0. 1), kei --

105 (Ktl) (RO. 1), ki-107 (Ktol) (R-0. 1), kni -

103 (Kt'3) (RuO. 1), ksi . -

105 (Kt,3) (RwU. 1), ksi --107 (Kt,,3) (Rm0. 1), kei

Creep
0. 5% elongation 100 hr, kei --

0, 5% elongation lO00 hr, kai --
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TABLE XV. (Continued)

Temporature, .

Properties RT 300 500

Stress Rupture

Rupture 100 hr, ksi --

Rupture 1000 hr, k3, ....

Stress Corrosion 
hr max80 percent FtyI00h a

Coefficient of Thermal Expansion

68 to 800 F 6.2 x 10, 6 in. /-n. PF (7)

Density 0. 28 lb/cu in. (7"

Referonces are g'v•.n on p sge 87.

(a) Data are average valuee,
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TABL&E XVI. TENSILE RESULTS FOR HP 9-4-45 PLATE(a)
AT THREE TEMPERATURES

0. 2% Offset Ultimate %Elongation Tensile

Yield Stringth, Tensile Strength, in 2 Inche., Modulus,

Specimen kui kai percent psi x 106

Longitudinal at Room Temperature

1-I 2,22 275 9.0 27.0
1L-2 222 268 12. 0 27,2
IL-3 223 Z68 11.0 27. 1

Average 222 270 10, 7 27. 1

Transverme at Room Tempurature

IT-1 223 268 10,0 27.6
1T-2 223 268 10.0 28.1

IT-3 225 268 10. 0 27. 5

Average 224 268 10. 0 27.7

Longitudinal at 300 F

IL-5 197 271 15.0 26.8
IL-6 195 272 11. 0 26.8
IL-7 196 272 13. 5 26. 7

Average 19$ 373 13, 2 26.8

Tramaverse at 300 F

IT-5 197 Zf 11.3 26.4

IT-6 195 271 11. 5 26.9

IT-7 200 271 13. 0 26.4

Average 197 271 11. 6 26.6

Longitudinal at 500 F

IT-8 169 235 16.5 23.9
IT-9 168 235 16, 5 24.6

IT-10 163 233 16, 5 25.3

Average 167 234 16.5 Z4.6
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fABLE XVI. (Continued)

Transveree at 500 F

IT-8 167 237 15.7 24.4
IT-9 166 235 15.7 25.5
IT-10 166 Z34 15.7 24.8

Average 166 235 15.7 24.9

(a) 475 F tempeL; specimners ground to 0,22-Inch thickness.
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TABLE XVIJ. COMPRESSION RESULTS FOR HP 9-4-45 PLATE(a)
AT THREE TEMPERATURES

Yield Strength, Compre ssion
Specimen ksi Modulus, p.i x 106

Longitudinal at Room Temperature

ZL-3 249 29. 1
ZL-11 249 29.3
ZL-12 249 29.4

Average 249 29. 3

rransverwe at Room Temperature

ZT-1 251 29.3
ZT-2 251 29.3
2T-3 251 Z9.1

Average 451 29.2

Longitudinal at 300 F

2L-4 ZZO 28. 6
2L-5 Z17 28.5
2L-6 220 28. 2

Average 219 28.4

Tr-neverew at 300 F

2T-4 224 28.2

2T-5 223 28, 5
ZT-6 224 28. 0

Average 224 28. z

Longitud~nal at 500 F

2L-7 183 27.7
ZL-8 188 28.3
ZL-9 190 27.7

Average 187 27.9

Tra•siverse at 500 F

ZT-7 194 27. 1
2T-8 190 27.4
ZT-9 192 27.4

Average 192 27.3

fa) 478 F temperl specimen ground to 0 ,2-9neh thickness.
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TABLE XVILI. SHEAR TEST RESULTS FOR

HP 9-4-45 PLATE(W) AT
ROOM TEMPERATURE

Ultimate Shear

Specimen Strenjth, koi_.

Longitudinal

4L- 1 157
4L-Z 161
4L..3 158

Average 159

Transverse

4T-1 161
4T-2 158
4T-3 159

Average 159

(a) 478 F templti 0pocimono ground to 0.29 -inch th&mknou.
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FIOURE 34. EFFECT OF ' EMPEFRATURE ON THE; TENSITE
PROPERTIE• OF HIP 9-4-45 PLATE
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FIGURE 35. EFFECT OF TEMPERATURE ON THE COMPRESSION
PROPERTIES OF HP 9-4-45 PLATE
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