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TABLE I

Results of Room Tewperature Tensile Tests(W) on Beryllium W~re(b)

Threshold(e) 0.2$ offset
"Yield Yield Tensile

Test Strength Strength Strength
Rurber ksi- si ks

1 14 166 177

2 136 166 179

3 144 168 178

(a) Test conducted in accordance with ASM specifications.

"(b) As-drawn condition.

(e) Corresponds to 0.00 offset.
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B. There have been a large number of persistent inquiries

on Rocoloy 270. Several pressure vessel, missile motor case, aircraft

component, and fastner manufacturers had asked for samples or sources

for this material in order to initiate various application research

programs. Samples sent to M-ellon Institute from experimental heats

made by Vanadium Alloys Steel Company for one of its customers have

been evaluated. This particular composition was modified to achieve

Charpy V-notch impact strength minimum of 15 ft. lbs. at 300,000 psi

minimum ultimate tensile strength. This requiremenm has been fulfilled

as Indicated in Table Il.

C. Tensile tests on center notched specimens of ML-2 and

Rocoloy 270 have been condwted using several staining media and air to

mark slow crack growth. Results shown in Table I= and Figure 2 deft.

nitely show that there can be significant interaction between the

cracked surface and the staining media. Such interaction seem to affect

the results and validity of this test when used for comparing slow.

crack growth in various engineering materials.

I
Work on Phases D, E, F and G has been brought to a satis-

jfactory conclusion in view of contract termination.

Hf. Stress-corrosion evaluation studies on ML.2 and Rocoloy

270 are continuing. .No specizen failure has occurred during the current

repcrting period.I
I
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TABLE

Mechanical Properties(a) of Rocoloy 270
(produced by Vanadium Alloy Steel Compaiq)

0.2% offset Ultimate
Yield Tensile Fracture Elongation

Test Strength Strength Strength Hardness Per cent
Number ksi, ksi ksi RC in 1 in.

1 257 302 367 53.0 12.0

2 23 304o 356 53.0 10.0

3 254 302 340 53.0 11.0

(a) Austenitized at 1730 F for 25 mlnutes, quenched in olU and triple
tempered at 600 F.

CrAp V-notch rom temperature impact strength 15 to 18 ft. lbs.
(450 F temper).
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TABLE IUI

Effect of Staining Media and Air

on the Notch(a) Strength of Two Steels

Average Net Section Stress(b), ,•,i

Substanae IM-2 Rocol2. 270

India Ink 100 549.7

India Ink(o) + 88
fla2Cr2O 7 * 2 208

Salt water(d) 108 43.8

Dye Penetrant(e) 122 74.0

Laborator7 Air (f) U4 65.0

I (a) Specimens conform to ASIM specification for pin loaded center notch
test pieces.

•b) load at failure t = thilckness( 5) t = t (W - 2aO) W a width
(= t -- )ao = original notch size

(C) 1 gin. NaCr2Q - 21120 in 5 3l. India Ink.

I (d) 5 per cent by weight.

(e) Tradename SPOTCHCK, made by Magnafl Corporation.

I (f) Temperatm0rew 80 F R.H. 80%
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Studies directed toward determining the effect of surface

decairburization on several low-alloy ultra-high strength steels loaded

to produce various basic stress conditions are nearing co•pletion.

Results obtained to date may be smarized as foflowss

Uniat-_al Ternsile Loding - Surface decarburization has been

found to reduce the tensile ani yield strengths of all steels tested.

SERovever, deca-burization beyond a certain depth did not produce uni-

fo.m incremental strength reduction. It is also observed that surface

decarburization has little or no effect on ductility of the test speci-

j men. Data of these studies are presented in Table IV.

Ir-act Loading - Impact tests using Charpy V-notched speci-

mens were conducted to investigate the notch-blunting effect of decar.

f burization. Data of these tests are given in Table V which indicate

that the effect of surface carbon reduction up to a certain level is to

I increase the energy absorbed or increase the effective radius at the

Srwct of the notch. Beyond this level of decarburization the energy ab.

soeDed seems to decrease.

I Plastic DeRforration without Fracture - These studies were

conducted by bending strips (4" x 3/8" x 0.050") into a U-shape and

then removing them from the bending press to observe the extent of

spring-back. Significance of these tests to the metal forming Indus.

try hardly needs any explanation.

I
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TJBUE V

The Ef-ect of Surface Decarbx'ization on Chp Impact EnerSy

Decab. EnergV
Depthjs) Absorbed

300-M 0.000 11.0
0.012 15.5
0.018 12.3

R'70 0.000 12.0
0.012 14,3
0.018 13.3

(a) Heat treated according to the program given with Table IV.

(b) Depth determined from control samples.

I.

I
I



12.

As shown in Figure 3, increased• •ount of decarburization

reduces the spring-back. Decarburization did not seem to produce any

undesirable surface conditions such as orange-peel, strain lines on

the bent specimen surface.

Stress-CorrosLon - The effect of surface decarburization on

stress-corrosion is being studied on three uiltra-high strength steels

heat treated to various strength levels. U-bend soeci-mens were ore-

pared and exposed in a one molar solution of sodim chloride. Speci-

men failure data indicate that surface decarburization tends to pre-

vent stress-corrosion attack. Specimens of all three steels Without

any decarburization have failed.

Tensile LoAiin& of Cin.ar Notched ?tecimens - Center notch

3 in. wide sheet specimens were prepared, heat treated in a manner to

prevent any decarburization in the notch root, and were tested at

three levels of surface decarbu-rization. aesults given in Table TI

show a definite Improverznt in fracture toughmess and per cent shear

fracture commensurate with increased depth of decarburization.

The effects of decarburization on fatigue and biaxial strength

of these steels are also being investigated.

I
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Photogaph of samples of 300-M showlng the eftect
of surface decarburization on soring-back after
deformation. The front samole has 0.012 in. surface
decarburization azn the rear sample has no surface
decarburizetion. 3cth samples have the same core
hardness of 14 RC. The surface decarburi•ed sample
has a surfaoe'ardness of 51 R.
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TABLE VT

Effect of Surface Decarburization(&) on the Fracture

Toughness(b) and Fracture Appearance of Low Alloy Steels

Decaivb
Depth a ý--net Per cent

inter.al i 1. ksi Shear

Rocoloy 0.000 127 67.5 l14

270 0.012 197 87.2 22

0.018 476 135.0 30

300.JK 0.000 233 96.0 30
0.012 539 144.0 65
0.018 808 176.0 65

AISI 4340 0.000 682 173.0 100
0.012 816 191.0 100
0.018 773 183.0 100

(a) Surface decarburization depth determined using metallographie and
microhardness tester.

(b) Visual examination revealed no decarburisation at the root of the
notch.
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This program comes to a conclusion on September 30. Hence,

no further experimental work has been planned for the next reporting

period. A final report will be issued in October.

Respectfully submitted,

G. K. Bhat
Project Leader

Approved:

/4

H. L. Anthony III _
Director of Resear



I

S16.

1. DISTRIBUTION LIST

Bureau of Weapons Coumanding Officer
U. 3. Navy Special Projects Office Picatinny Arsenal
Munitions Building Dover, New Jersey
Washington 25, D. C. Attn: Library

Code SP-20
Code SP-27? Cminder
Mr. Richard Sanderson Army Ballistic Missile Agency

Redstone Arsenal, Alabama
Dr. H. L. Anthony Attn: ORDAB-HSI
Director of Research
Mellon institute Department of the Navy

Bureau of Ordnance
Dr. G. K. Bhat, Project Leader Washington 25, D. C.
Missile Materials Fellowship Attn: ReW6

o IDepartment 
of the Navy

Miss Elizabeth Jackson Bureau of Naval Weapons
Reports Section Washington 25, D. C.
Mellon Institute Attn: Mr. S. J. Matesky

Code ROP.-23
Dr. Dwight F. Gunder
463 West Fifth Street Commander
Loveland, Colorado Air Force Flight Test Center

Attn: FTRDS, Edwards AF Base
Mr. J. F. Kennedy California
Office of Naval Research
University of Pittsburgh Department of the AM
Room 107 -, Salk Hall Office, Chief of Ordnance
Pittsburgh 13, Pa. Washington 25, D. C.

Attn: a.DTB
Superintendent, Code 725
U. S. Navy Gun Factory Department of the Navy
Washington 25, D. C. Bureau of Aeronautics

Washington 25, D. C.
Naval Air Material Center Attn: Ad3, Technical Library
Naval Air Engineering Facility
Ship Installations Department of the Navy
Philadelphia 12, Pa. Bureau of Ordnance

Attn: Technical Library Washington 25, D. C.
" ~Attn: ReW3a

U. S. Naval Weapons Center
Washington, D. C. Conandling General

Attn: Code 725 Aberdeen Proving Ground
Maryland

U. S. Naval Research Laboratory Attn: Ballistic Research
washington, D. C. Laboratories (RDBG-BLI

Attn: Code 6322

II



17.

National Aeronautics & Space Thiokol Chemical Corporation
Administration Redstone Division

1512 H Street, N. W. Hunftsville Alabama
Washington 25, D. C. Attn: Technical Director

Attn: Chief, Division of Research
Information Hercules Powder Company

Bacchus Works
Commander Magna, Utah
Air Force Ballistic Missile Div. Attn: Librarian
Hq. Air Res. and Dev. Command
P. O. Box 262 Excelco Developments, Inc.
Inglewoodl, California Silver Creek

Attn: DSOT lew York

Counander A. 0. Smith, Corporation
Army Rocket and Guided Missile Milwaukee 1, Wisconsin

Agency Attn: F. J. Altmann,
Redstone Arsenal, Alabama Fngineering Manager

Attn: Technical Library Space-Ordnance Div.
ORDXR-O1'L

"Thiokol Chemical Company
AeroJet-General Corporation Utah Division
P. 0. Box 296 Brigham City, Utah

- Azusa, California Attn: Technical Director
Attn: Librarian

Ingersoll Kalamazoo Division
Jet Propulsion Laboratory Borg-Warner Corporation
4800 Oak Grove Drive 1810 N. Pitcher Street
Pasadena 3, California Kalamazoo, Michigan

Attn: I. E. Newlan, Chief Attn: J. W. Schiffel, Chief
Reports Group Engineer, Special

Projects Office
Solid Propellant Information

Agency Grand Central Rocket Company
Applied Pbysics Laboratory P. 0. Box 111
The John Hopkins University Redlands, California
Silver Spring, Maryland Attn: Helen Ashman, Librarian

Attn: K. G. Britton
American Machine and Foundry Co.

General Electric Company Mechanics Research Department
FPO Technical Information Center Uo04 South Wabash Avenue
P. 0. Box 196 Chicago 5, Illinois
Cincinnati 159 Ohio Attn: A. D. Kafadar

Commander Allegheny Ballistics Laboratory
Armed Services Technical Hercules Powder Company

Information Agency Cumberland, Maryland
Arlington Hall Station Attn: F. Winer
Arlington 12, Virginia

Attn: TIPCR



18.

Pratt & Whitney Aircraft Aerojet.Ceneral Corporation
Division of United Aircraft Corp. P. 0. Box 1168
East Hartford, Connecticut Sacramento, California

Attn: W. R. Kirchner
Aerojet-General Corporation
Azusa, California Resident Inspector of Ordnance

Attn: Mr. W. T. Cox Aerojet-General Corporation
P. 0. Box 1947

Thiokol Chemical Corporation Sacramento, California
Elkton Division Attn: Cdr. J. Christman
Elkton, ,aryland

Attn: Librarian Ryan Aeronautical Company
Lindergh Field

Astrodyne, Incorporated San Diego 12, California
P. o. Box 548
McGregor, Texas Norris-Thermador Corporation

"Norris Division
John I. Thompson & Company P. 0. Box 5838
1118 22nd Street Vernon Branch
Washington 7, D. C., N. W. Los Angeles 58, California

Attn: C. A. Posey
Kaiser Fleetvings, Inc.

Lyon, Incorporatei Bristol, Pennsylvania
13881 West Chicago Boulevard
Detroit 28, Michigan Allison Division

General Motors Corporation

Defense Metals Information P. 0. Box 894
Center Indianapolis, Indiana

Battelle Yemorial Institute Attn: Engineering Research Lab
505 King Avenue
Columbus 1, Ohio Bendix Aviation Corporation

South Bend, Indiana
Aerojet-General Corporation Attn: Technical Library
P. 0. Box 1168
Sacramento, California Hughes Tool Company

Attn: Mr. Frank Climent Culver City, California
Attn: Materials Department

Lockheed Missile and Space
Division Universal-Cyclops Steel Corp.

.- -1122 Jagels Road Bridgeville, Pa.
Sunnyvale, California Attn: Mrs. E. Kirchhof,

Attn: H. H. Patton Librarian

U. S. Naval Inspector of Rocketdyne
Ordnance Division North American Aviation

P. 0. Box 504 6633 Canoga Avenue
Sunnyvale, California Canoga Park, California

Attn: Cdr. P. S. McManus Attns Librarian, Dept. 596.306


