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DISCLAIMER

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other authorized

documents.

The use of trade name(s) and/or manufacture(s) does not constitute

an official indorsement or approval.

DISPOSITION

Destroy this report when it is no longer needed. Do not return it

to the originator.
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manganese phosphate with a supplementary coating of SFL failed after 206

hours (91 - 133 hours with supplementary coatings of oil). However, the

wear resistance of Endurion phosphate with supplementary coatings was
approximately identical to the basic manganese phosphate with supplementary
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J-R curves for two aluminum alloys, a titanium alloy and a high strength-low
alloy steel at two different strength levels were determined using precracked
Charpy specimens. Three methods were used to measure crack growth: (1) multi-
specimen, (2) compliance unloading, and (3) the "load-drop" method. The "load-
drop" method assumes that crack growth occurs only after peak load has been
attained and the amount which the load decreases after peak load is related to
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20. ABSTRACT (CONT'D)

the size of the uncracked ligament. Comparisons between the three methods for
all of the materials show remarkably similar J-R curves. Also, using these
curves to determine a Jjc indicates very little difference between the "load-
drop" method and the others in the measurement of toughness.
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A conceptual design for a 120mm Improved Conventional Armament System (ICAS)
autoloader is presented in this report. This is a multiple mechanism system
using microprocessor control. It is designed to load a separated round of ammu-

" nition at a rate of 8-12 rounds per minute. The ammunition is packaged in a
• single canister and transported in a Basic Issue Module. The autoloader is

totally remote. Provisions have been made for manual loading under emergency
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High reliability goals have been set and human factors engineering has been
applied to this design. Program costs and a cost estimate to fabricate a
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A data package consisting of Level 1 drawings presents the design in detail
and is not included in this report.
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A conceptual design for a 120mm Improved Conventional Armament System (ICAS)
autoloader is presented in this report. This is a multiple mechanism system
using microprocessor control. It is designed to load a separated round of
ammunition at a rate of 8-12 rounds per minute. The ammunition is packaged
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The conceptual design of the 120mm Improved Conventional Armament System
(ICAS) autoloader is presented in this report. This is a multiple mechanism
system using microprocessor control. It is designed to load a separate
projectile and powder charge at a rate of 8-12 rounds per minute. The
ammunition is packaged in a single canister and transported on 8-10 round
pallet which is integral to the autoloader. The autoloader is totally
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High reliability goals have been set and human factors engineering has been
applied to this design. Program costs and a cost estimate to fabricate a
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A newly conceived test device, the Propellant Combustor Performance Tester,
has the ability to measure the performance of various liquid monopropellants
under steady state conditions at gun pressures; performance is measured in
terms of the characteristic exhaust velocity c*. A rocket-like combustion
chamber is used, and length may be varied so that flame length, or character-
istic length L* may be measured; as well as the fractional burning rate,
closely associated with accoustical combustion instability. For a given
oropellant. the effect of injector configuration may also be studied.
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20. Abstract (cont'd)

This device has been designed and built with successful preliminary shake- --
down tests complete. The Propellant Combustor Performance Tester (PCTP),
once developed, can be applied innediately to evaluate potential liquid
propellants for LP gun application, from a combustion standpoint. It can be
used directly to solve combustion instability problems in RLPGs.

The Propellant Combustor Performance Tester can become the new standard

of the Regenerative Liquid Propellant Gun industry.
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A firing test was conducted to study the parameters influencing the recoil
efficiency and the blast characteristics of perforated muzzle brakes. Several
scaled (20 mm) devices were tested as candidates for the 105 m Light Assault
Vehicle. Recoil impulse, blast overpressures, muzzle velocity, sequential
spark shadowgraphs, and photographs of the muzzle flash were obtained. A total
of nine different perforated brakes were tested as well as a scaled M198 double
muzzle brake.

SJi7s *j ~m lOWOtW)OV6SIS@O .ETh 49 UNCLASSIFIED
SECUOIY CLASuIFICATION OF THIS PAGE (When Dote intered

. . . .,



SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

PAGEREAD INSTRUCTIONS
REPORT DOCUMENTATION PBEFORE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARLCB-TR- 84016_
4. TITLE (end SubtItle) S. TYPE OF REPORT & PERIOD COVERED

LONGITUDINAL VIBRATIONS OF RODS OF FINITE LENGTH
WITH RADIAL DEFORMATION Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(a)

Julian J. Wu and W. H. Chen (see reverse)

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

US Army Armament Research & Development Center AREA I WORK UNIT NUMBERS

Benet Weapons Laboratory, DRSMC-LCB-TL ANCMS No. 6111.02.H600.011

Watervliet, NY 12189 PRON No. IA325B541AIA

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research & Development Center May 1984
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES

Dover, NJ 07801 25
14. MONITORING AGENCY NAM

I
E & ADDRESS(f dlferent from Controlling Office) IS. SECURITY CLASS. (of title report)

F * UNCLASSI FIED
ISa. OECLASSIFICATION/DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (oa thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different 1rom Report)

IS. SUPPLEMENTARY NOTES

Presented at Second International Modal Analysis Conference, Orlando, FL,

6-9 February 1984.
Published in proceedings of the conference.

19. KEY WORDS (Continue on reveraa side It neceseary and ldentfr by block OMber)

Vibrations Radial De ormation
Wave Propagation Approximate Theory
Rods Eigenvalue Problems

20L AYWAcr cVmra es Pvni edd NI itewn an ldewiIr~ by' block Unjw ltd yMidinad ermn
An approximate theory of dynamics of rods was formulated by Hindlin and Herrmann
in 1951. The unique feature of this theory is that it can model the longitudi-
nal as well as the radial motions of a rod, and yet it can retain the simplicity
of a one-dimensional problem in the axial direction. Solutions pertaining to
rods of infinite length were also given by Mindlin and Herrmann. This report
presents vibration solutions of this rod model with finite lengths. First,
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20. ABSTRACT (CONT'D)

the set of two partial differential equations is recapitulated together with
appropriate boundary conditions. For vibration problems, two sets of
eigenvalue problems are formulated to satisfy the simultaneous partial
differential equations and the homogeneous boundary conditions. Suitable
parameters are defined to describe the dispersion relations. These dual
eigenvalue matrix equations are then solved numerically. For an infinite rod,
a dispersion relation of frequency versus wave number which contains an
imaginary branch has been obtained. The free vibration problem of a fixed-
fixed Mindlin-Herrmann rod has been solved. The numerical values of six (6)
lowest frequencies, the associated wave numbers and mode shapes are tabulated

O for three different slenderness ratios.
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A study has been made of the fracture behavior of single-edge notched specimens
of 4340 type steel tested in cyclic fatigue at temperatures ranging from 675SF
to 1350*F in high purity lead and antimony and liquid lead containing 5 to 75
percent antimony in solution. The susceptibility to embrittlement by liquid
lead decreases with temperature. The fracture mode changes from intergranular

- at low temperatures to ductile at 1200*F. In lead solutions, at low
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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
12000F) 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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a ring with two diametrically opposed cracks. The current study shows that if
for any reason one of the two cracks should grow a little faster than the
other, the stress intensity factor at the tip of the longer crack increases at
a much faster rate to enhance the faster growth of the longer crack.

Numerical results are also obtained for cases of three and four radial cracks.
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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
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deformation of both the matrix phase and the tungsten grains. The yield and the
ultimate tensile strengths in excess of 200 Ksi were obtained by warm extruding
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50 and 65 percent vith adequate ductility and fracture toughness. A
transition in the fracture mode from interparticle separation to

- transcrystalline cleavage was observed for the extruded material. The
ballistic performance of the extruded alloy vas significantly superior to that
of swaged material and this appears to be related to the change in the
fracture mode.
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The W-10 alloy exhibited SCC susceptibility in NaCI solution. Electrochemical

polarization, addition of a hydrogen catalyst (As) to the NaCI solution and

heat treatment in hydrogen increased SCC susceptibility. SCC susceptibility
was also observed in the sulfide cracking solution and when cathodically
charged in 10% H2S04 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 NaCI solution, under any
conditions. SCC did occur in the sulfide cracking solution and when
cathodically charged in 10% H2S04 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 observed susceptibility of both alloys to cracking in the NACE recommended

ulfide cracking solution and when cathodically charged in 10% H2S04 with As

ndicates that both alloys are highly susceptible to hydrogen embrittlement.
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The adjoint system can be arranged in a manner so it is a reflected mirror of
the original system in time. Generalized boundary conditions employ many types
of "springs* relating the various spatial partial derivatives. They are
defined to satisfy the boundaries of the original and adjoint system relationr-
ship for the bilinear expression. Algorithms for use in the finite element
method are simplified since the adjoint system gives exactly the same solutions
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Lug and groove connections are frequently found in structures where two
components meet and loads are transmitted. These grooves usually have a non-
symmetric shape, i.e., the flank angle at the loaded face is different from

*: that at the free face. While numerous data on stress concentrations for
symmetric-shaped grooves (for example, U- or V-shaped) are available, very

-" -. little information exists for nonsymmetric-shaped grooves. This report
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results and those calculated by means of Heywood's equation.
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Composites of depleted uranium-O.75 titanium matrix alloy reinforced with
* nominally 0.5 Vf tungsten filaments have been fabricated by hydrostatic

was easily achieved. However, for further reduction, the ratio and temperature
of extrusion of 4:1 and 400*C, respectively, were found to be optimum. At

*.<,~ higher temperatures and reduction ratios, periodic necking and fracture of
filaments occurred. To achieve the final reduction ratio of 48:1, the 24:1
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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 hydrostatic 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.

Preliminary ballistics tests showed that hydrostatically extruded (2:1) W-10
alloy outperformed swaged W-10 alloy.
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The fatigue life of the 155 mm M185 howitzer tube has previously been
established for the maximum pressure round, the Mll9A1 Zone 8. This test
program addresses the effects of the next lower pressure standard round - the
H4A2 Zone 7. The objective of the program is to determine a recommended
Equivalent Full Charge (EFC) factor to be used in accounting for fatigue cyclic
increments counted towards the safe service life limit when using a less than
full pressure round.
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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 is 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 MII9AI Zone 8 round.
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An overview and functional description of an editor for host files using Direct
View Storage Tubes (DVST) with enhanced refresh capabilities is given. Tekedit
is an editor designed to augment a system editor for creating or modifying host
files using a graphics terminal as the display device. The initial
implementation of Tekedit is for a Tektronix 4114 on an IBM 4341 running VM/CMS.
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Specimens containing white layers were taken from the bore surface of the
unplated and chrome plated fired gun tubes. These were examined metallograph-
ically and the presence of various "white layers" was established. The chemical
and structural nature of these layers was determined by Auger/ESCA and X-ray
diffraction techniques. The outermost white layer contained up to seven percent
carbon and was identified as cementite - Fe3C. The subsequent white layers
had approximately one percent carbon and were identified as high carbon%
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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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A design and a manufacturing process are presented for a twenty-foot long anode
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