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temperatures (700°F) and low concentrations of antimony (5 to 25 percent),
embrittlement is caused by liquid lead only. At high temperatures (1000 to
1200°F) and high concentrations of antimony (35 to 75 percent Sb), antimony is
the primary embrittling species. Antimony induced embrittlement by lead-
antimony solutions occurs by intergranular fracture mode. This variation in
susceptibility to embrittlement with temperature indicates that at low
temperatures embrittlement is caused by liquid lead and occurs by “"reduction
in cohesion™ mechanism; while at elevated temperatures embrittlement is
induced by antimony and occurs by temperature dependent grain boundary
diffusion controlled processes, These and other results are also discussed in

terms of the current understanding of liquid metal and temper embrittlement of
metals.
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other, the stress intensity factor at the tip of the longer crack increases at
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Numerical results are also obtained for cases of three and four radial cracks.
It shows the same trend that once one or two cracks grow a little more than
the rest, the stress intensity factors at these deeper cracks will be
increased progressively higher to keep the faster pace of growth. This
explains why the failure caused by a single major crack has been observed most
frequently.

A simple linear relation is assumed in this report between the stress
intensity ratio and the crack depth ratio. This approximation enables us to
estimate stress intensity factors at unequal depth cracks by a method of total
differentials. The estimations thus obtained are close to stress intensity
factors computed from the finite element.
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The W=10 alloy exhibited SCC susceptibility in NaCl solution. Electrochemical
polarization, addition of a hydrogen catalyst (As) to the NaCl solution and
heat treatment in hydrogen increased SCC susceptibility. SCC susceptibility
was also observed in the sulfide cracking solution and when cathodically
charged in 10Z H»S04; with a hydrogen catalyst (As). At the corrosion
potential and anodic potentials in NaCl solution, SCC propagated by separation
of tungsten—tungsten and tungsten-matrix interfaces with ductile rupture of
the matrix. In other cases, cracks propagated by separation of
tungsten-matrix and tungsten-tungsten interfaces with some cleavage of
tungsten grains. . .

The W-3 alloy did not exhibit SCC susceptibility in NaCl solution, under any
conditions. SCC did occur in the sulfide cracking solution and when
cathodically charged in 10% HpS04 with a hydrogen catalyst (As), however, it
was much more resistant than the W-10 alloy. Fracture occurred primarily by
dimple formation in the matrix and cleavage of tungsten grains.

.|sCC in the W-10 alloy is thought to occur by electrochemical dissolution of

the matrix. Small matrix volume and high tungsten contiguity in the W-3 alloy
prevents cracks from growing even though severe matrix dissolution occurs.

e obgerved susceptibility of both alloys to cracking in the NACE recommended
ulfide cracking solution and when cathodically charged in 10% HpS04 with As
ﬁndicates that both alloys are highly susceptible to hydrogen embrittlement.
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presented and compared with information from the literature, with emphasis on
the needs of those performing fracture tests.
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tension of loaded nonsymmetric-shaped grooves. Groove geometries as well as
loading conditions are given. Maximum groove stresses were found and stress
concentration factors were calculated. Also, parametric curves of stress
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results and those calculated by means of Heywood's equation.
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stock obtained in the two—stage extrusion was successfully swaged at 400°C
using multipasses. Attempts to eliminate the second extrusion step by
following the first-stage extrusion at a 6:1 reduction with a final reduction
by hot swaging at 400°C, were partially successful. The tungsten phase was
uniformly reduced to 0.050 inch diameter filaments. However, the cross-
section of the outer filament did not remain circular at 43:1 reduction rates.
Also, cracks developed at the filament-matrix interface and within the
filament. Mechanical tests showed that the composite had elastic modulus
approaching rule of mixture values. However, the tensile and flexure
strengths were lower than the matrix alloy. The matrix alloy specimen
produced by two-stage hydrogtatic extrusion of cast alloy had tensile
properties as good as the conventonal heat treated alloy. In ballistic tests
against medium heavy triple-spaced target, the matrix hydrostatically extruded
alloy performed as well as the conventional alloy. Also, the composite
specimens in spite of the longitudinal cracks, showed complete penetration at
1252 meters/sec striking velocity.

alloy outperformed swaged W-10 alloy. .

Preliminary ballistics tests showed that hydrostatically extruded (2:1) W-10 P
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This tube suffers fatigue failure from exterior initiating cracks caused by
combined tensile residual stress and the tensile stress of firing pressure.
Since the pressure difference of the two rounds is slight and is added to the
constant residual stress, the percentage change 1s small and results in a
negligible change in fatigue effect. The EFC factor for the M4A2 Zone 7 round
is recommended as 1.0, the same as the M119Al Zone 8 round.
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austenite. The significance of these results is discussed in terms of
solution and diffusion of carbon from burnt propellant gases into iron during
firing. The carbonaceous gases from the burnt propellant are responsible for
the formation of white layers and are the cause of erosion and cracking in the
bore surface. During heating and cooling of fired gun barrels, stresses are
generated by the differences in the coefficient of expansion and volume
changes associated with cementite, austenite, and matrix metal phases. Cracks
are produced in the white layer and are propagated in the substrate steel
matrix. The high carbon-containing phases are lower melting than steel.

These molten phases are eroded away by the sweeping hot propellant gases,
thereby eroding the bore surface of the gun barrel. These and other results
are discussed in terms of their effects on erosion and wear in the gun barrel
bore surfaces.
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. Ty Ew

NO. OF
COPIES
CHIEF, DEVELOPMENT ENGINEERING BRANCH -
ATTN: SMCAR-LCB-D 1 .
=DA 1 ’
-DP 1 ]
-DR 1 of
-DS (SYSTEMS) 1 o]

-DS (ICAS GROUP) 1
-DC 1 I8
~
CHIEF, ENGINEERING SUPPORT BRANCH 1
ATTN: SMCAR-LCB-S 1 ]

-SE 1
CHIEF, RESEARCH BRANCH o
ATTN: SMCAR-LCB-R 2 3
=R (ELLEN FOGARTY) 1 1
-RA 1 ;-
-RM 2 N
-RP 1 N
=RT 1 el
:
TECHNICAL LIBRARY 5 : |
ATTN: SMCAR-LCB-TL J
TECHNICAL PUBLICATIONS & EDITING UNIT 2 '
ATTN: SMCAR-LCB-TL 3
DIRECTOR, OPERATIONS DIRECTORATE 1 £
DIRECTOR, PROCUREMENT DIRECTORATE 1 ?‘;
DIRECTOR, PRODUCT ASSURANCE DIRECTORATE 1 B

L 2]
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' NOTE: PLEASE NOTIFY DIRECTOR, BENET WEAPONS LABORATORY ATTN: SMCAR-LCB-TL,
L ‘ OF ANY ADDRESS CHANGES.
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NO. OF NO. OF
COPIES COPIES
ASST SEC OF THE ARMY COMMANDER
RESEARCH & DEVELOPMENT US ARMY AMCCOM
ATTN: DEP FOR SCI & TECH 1 ATTN: SMCAR-ESP-L 1
THE PENTAGON ROCK ISLAND, IL 61299
WASHINGTON, D.C. 20315
COMMANDER
COMMANDER ROCK ISLAND ARSENAL
DEFENSE TECHNICAL INFO CENTER ATTN: SMCRI-ENM (MAT SCI DIV) 1
ATTN: DTIC-DDA 12 ROCK ISLAND, IL 61299
CAMERON STATION _
ALEXANDRIA, VA 22314 DIRECTOR
US ARMY INDUSTRIAL BASE ENG ACTV
COMMANDER ATTN: DRXIB-M 1
US ARMY MAT DEV & READ COMD ROCK ISLAND, IL 61299
ATTN: DRCDE-SG 1
5001 EISENHOWER AVE COMMANDER
ALEXANDRIA, VA 22333 US ARMY TANK~AUTMV R&D COMD 1
ATTN: TECH LIB - DRSTA-TSL
COMMANDER WARREN, MI 48090
ARMAMENT RES & DEV CTR
US ARMY AMCCOM . COMMANDER
ATTN: SMCAR-LC 1 US ARMY TANK-AUTMV COMD 1
SMCAR-LCE 1 ATTN: DRSTA-RC .
SMCAR-LCM (BLDG 321) 1 WARREN, MI 48090
SMCAR-LCS A |
SMCAR-LCU 1 COMMANDER
SMCAR-LCW 1 US MILITARY ACADEMY
SMCAR-SCM-0 {PLASTICS TECH 1 ATTN: CHMN, MECH ENGR DEPT 1
EVAL CTR, WEST POINT, NY 10996
BLDG. 351N)
SMCAR-TSS (STINFO) 2 US ARMY MISSILE COMD
DOVER, NJ 07801 REDSTONE SCIENTIFIC INFO CTR 2
ATTN: DOCUMENTS SECT, BLDG. 4484
DIRECTOR REDSTONE ARSENAL, AL 35898
v BALLISTICS RESEARCH LABORATORY 1
- ATTN: AMXBR-TSB-S (STINFO) COMMANDER
. ABERDEEN PROVING GROUND, MD 21005 US ARMY FGN SCIENCE & TECH CTR
o ATTN: DRXST-SD 1
o MATERIEL SYSTEMS ANALYSIS ACTV 220 7TH STREET, N.E.
9 ATTN: DRXSY-MP 1 CHARLOTTESVILLE, VA 22901
1% ABERDEEN PROVING GROUND, MD 21005
e
v NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH AND DEVELOPMENT CENTER,
Ao T US ARMY AMCCOM, ATTN: BENET WEAPONS LABORATORY, SMCAR-LCB-TL,
T, WATERVLIET, NY 12189, OF ANY ADDRESS CHANGES. _
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:)} COPIES COPIES
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P COMMANDER DIRECTOR
N US ARMY MATERIALS & MECHANICS US NAVAL RESEARCH LAB
i RESEARCH CENTER 2 ATTN: DIR, MECH DIV 1
o~ ATTN: TECH LIB - DRXMR-PL CODE 26-27, (DOC LIB) 1
-3 WATERTOWN, MA 01272 WASHINGTON, D.C. 20375
‘ COMMANDER COMMANDER
= US ARMY RESEARCH OFFICE AIR FORCE ARMAMENT LABORATORY
ATTN: CHIEF, IPO 1 ATTN: AFATL/DLJ 1
- P.0. BOX 12211 AFATL/DLJG 1
‘i RESEARCH TRIANGLE PARK, NC 27709 EGLIN AFB, FL 32542
N COMMANDER METALS & CERAMICS INFO CIR
'?_j US ARMY HARRY DIAMOND LAB BATTELLE COLUMBUS LAB 1
- ATTN: TECH LIB 1 505 KING AVENUE
A 2800 POWDER MILL ROAD COLUMBUS, OH 43201
ADELPHIA, MD 20783
COMMANDER
NAVAL SURFACE WEAPONS CTR
- . ATTN: TECHNICAL LIBRARY 1
‘3 CODE X212
- DAHLGREN, VA 22448
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':. NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH AND DEVELOPMENT CENTER,
> T US ARMY AMCCOM, ATTN: BENET WEAPONS LABORATORY, SMCAR-LCB-TL,
L ‘ WATERVLIET, NY 12189, OF ANY ADDRESS CHANGES.
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