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However, the tensile and yield strength were approximately 30 percent lower
than the theoretically predicted values., Degradation of the filament
ductility as a result of oxygen or carbon pickup when the filaments were
exposed to 1000°C in the mold prior to melting, was considered to be the
reason. Application of 0.0005 in. thick coating of copper by conventional
electroplating and tantalum by electrodeposition from fused fluoride
electrolyte were found to eliminate this problem.
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modified superposition model yields excellent agreement with the
experiments. When R was positive, the mathematical model significantly
overestimated the experimental results, suggesting that the full
environmental effect condition cannot be achieved in the embrittling system
chogsen. By including a factor to account for the less than 100 percent
enviroumental effect, excellent agreement between the model and the
experimental results was obtained when R was positive. Throughout the
study, a high strength, low alloy steel embrittled by liquid mercury was
used.
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section is not the critical section. The critical stress, i.e., (Jf)pax, in
the new profile is higher than that in the BSB profile. Moreover, (df)max
in the first groove is higher than that in subsequent grooves. Hence, the
first groove is the critical region.

In an ideal multi-groove (> 7) connection, the first two lugs could take
approximately 50 and 60 percent of the load in the BSB and new profile,
respectively. However, the ideal contact could not be expected dve to ,
machining tolerances. The worst possible case would occur when only one
groove is in contact and the situation is reduced to a single-groove
connection.

Further work on the effect of different materials is in progress.
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chromium revealed a strong dependence of grain structure on plating
conditions. The void space between the aligned cylindrical grains is
probably responsible for the high tensile stresses in chrome plating
and the propensity for severe cracking.
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20. ABSTRACT (CONT'D)

increased durability and survivability for vehicles and craft subject to
ballistic impact damage.

Three-layer and five~layer specimens of Ti-6AL-4V/2024-T3 laminate have been
tested for resistance to through-the-thickness impact and ballistic
penetration and for after—damage fatigue crack propagation. They were
compared with rolled plate specimens of 6061-T6 aluminum alloy and rolled
homogeneous steel armor (RHS) using 0.30 caliber fragment simulator
projectiles (FSP). The Protection (Vsg) Ballistic Limit Velocity and the
fatigue life (Ng¢) remaining after ballistic penetration damage were measured
on the same specimens. The fatligue crack propagation life was weasured in
compact specimens made from the ballistically damaged panels, with the crack
initiated in the penetration damage site and grown to failure of the
specimen.

The five-~layer laminate having volume proportions of 60 percent aluminum and
40 percent titanium alloy gave the optimum overall performance. Its Vsg
limit velocity 1is 22 percent greater than the RHS of equal area density, and
it has longer after-damage fatigue life. Increasiag the volume fraction of
aluminum 1is found to decrease the protection Vsg limit and increase the
after—damage fatigue life, and vice versa.
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hardness for similar alloys with higher hardness alloys having lower wear.
The effect of hardness was different for different mating surfaces. The
data from aluminum bronze and the welded overlay rotating band materials
investigated did oot fall into this correlation. This could not be
attributed to a special microstructure or to crystalline orientation in cthe
case of the welded overlay band materials. Mutual solubility of the pin and
disk metals and relative position in the periodic table also did not comtrol
metal transfer and scuffing with the copper alloys investigated. While
position in the periodic table is identical and mutual solubilities are
certainly very similar for most of the copper alloys, there were great
differences in metal transfer and scuffing. While there was a tendency for
more transfer to occur at higher wear rates, heavy and very heavy transfer
do occur even at very low rates. Heavy and very heavy transfer were not
usually associated with high wear and rough deposits were not usually
associated with high wear and heavy transfer. The first step in wear was
not transfer to the mating surfaces. In addition, small amounts of irom in
the copper alloys did not result in scuffing and high metal transfer even
when sliding on steel,
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64

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE 'When Date Entered)

REPORT DOCUMENTATION PAGE

1 READ INSTRUCTIONS
BEFORE COMPLETING FORM

1

REPORT NUMBER

\RLUB-TR-82023 !

!
i
H

Iz.covv ACCESSION NO| 3 RECIPIENT'S CATALOG NUMBER
1
|

4.

TITLE rend Subtftle)

EFFECTS OF R-RATIO ON CRACK INITIATION AT
EXTERNAL DISCONTINUITIES IN AUTOFRETTAGED

COLINDERS

% TYPRE OF REPORT & PFRIOD COVERED

;
|
!
bl

"6 PERFORMING CRG. REPCRT NUMBER

AUTHOP v

Rorert R, fujczak

8 ZONTRACT DR GRANT NUMBER(s)

PERFORMING ORGANIZATION NAME AND ADCRESS
S Armv Armament Research a Deve.jpment
3enet Weapons Laboratorv, ORDAR LJB-TL
watervliet, NY 12189

~ommand AMEMS NeL el liolalAon] ]
Ca o frecect Noo HLIeilniAsa
o RON NG TAZIATAOATA

U PRCGRAM ELEMENT PROJECT ALK
AREA & WORK UNIT NUMBERS

1M

CONTROLULING OFFICE NAME AND ADCRESS
US Army Armament Research & Development
Larze Caliber Weapon 3vsetems Laboratory
Dover, NJ 7301

Command R

‘2 REPORY DATE
Lty Nt

'3 WUMBER ZF PAGES

o1

T

4 MONITORING AGENCY NAME & ADORESS(I! dilferent trom Controlling Ottice

‘e SECL.RITY T_ASS faf thie report)

e E

CLASSIFICATION DOWNGRADING
DULE

wi)
Om
T
[uls

16. OISTRIBUTION STATEMENT ‘of this Report)

‘prroved ter publle reledase; distribution unlimited.

+7.

DISTRIBUTION STATEMENT (of the abetract entered in Block 20, it different from Report)

'8 SUPPLEMENTARY NOTES

“rosented at 1982 Spring Meeting of Soclety for Experimental Stress Analysis,

olulia, Hawaii, 22-30 May 1982.
fubiished in Experimental Mechanics.

19

Pngitive Stress Ratios
Autofrettage

Fatigue Crack Initiation
Residual Tensile St.esses

KEY WwORDS (Continue on reverse aide f necessary and identify by block number)
Stress Concentration

Fatigue Strength Reduction Factor
Modified Goodman Diagram

20, ABSTRACT (Contious en reverse ofdy ff mreceesary sod (dentity dy bdlock munbaer)

Experimental work shows the effects of positive stress ratios, or tensile
minimum stress, during the fatigue cycle on the fatigue crack initiation from
holes. This simulates the effect of the residual tensile stresses at the out-

side surface of autofrettaged cylinders.

soodman diagrams are shown for fatigue crack initiation.

S-N (stress life) curves and modified

DD , S5%, 1473  Ecimom OF 1 MOV 85 1S OBSOLETE

1A T3

O

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS Ps.,T (When Data Enterad:




SECURITY CLASSIPICATION OF THIS PAGE(When Date Entered)

66

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entersd)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
| ! REPORTY NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALCG NUMBER
ARLCB-TR-82024
4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED
I LIASHBERG FUNCTION IN AMORPHOUS METALS Final

6. PERFORMING OQRG. REPORT NUMBER

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

V. Metsel and P. J. Cote

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK
L AREA & WORK UNIT NUMBERS
SoAmmy Armament Research § Development Command AMCMS No. 61110191A0011
Senet WC‘ClpOnS Laboratory, DRDAR-LCB-TL DA PI’OjeCt No 1L161101A9A
satervliet, NY 12189 PRON No, 1A22314931A1A

" TONTROLLING OFF|CE NAME AND ADDRESS 2. REPORT DATE
Us Army Armament Research § Development Command September 1982
Larye Caliber Weapon Systems Laboratory 13 NUMBER OF PAGES
Dover, N 07301 6
14 MONITORING AGENCY NAME & ADORESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED
1Sa. DECLASSIFICATION, DOWNGRADING
SCHEDULE

16 DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited.

17 DISTRIBUTION STATEMENT (of the abetract entered In Block 20, {f different from Report)

f—
18. SUPPLEMENTARY NOTES

Published in Physical Review B, Volume 23, Number 11,
1 June 1981, pages 5834-5838.

19. KEY WORDS (Continue on reverse side {f necessary and identity by block number)
Amorphous Alloys

Disordered Alloys

Eliashberg Function

Superconductivity

20. ABSTRACT (Continus an reverse sise {f nreceoesary and identity by dlock number)
S

An expression for the Eliashberg function a F(w) is derived for amorphous
metals beginning with a formulation in terms of the Van Hove dynamical struc-
ture factor. The result is equivalent to the one derived from a different
starting point by Poon and Geballe. At low energy, a“F(w) is shown to vary
linearly with . and inversely with the electron mean free path A in agreement
with Bergmann's expression derived for a Gaussian-disordered crystalline

{(CONT'D ON REVERSE)

Viom"s W73 EDimon oF 1 nov 6315 OBSOLETE 07 UNCLASSIFIED

SECURITY CLASSIFICATION GF THIS PAGE (When Data Entered)




SECURITY CLASSIFPICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (CONT'D)

metal. Modification of the theory for short mean free paths is discussed in
terms of the Pippard-Ziman condition on the electron-phonon interaction.
Invoking a prescription derived by Pippard for the reduction of the electron-
phongn interaction in ultrasonic attenuation, one finds a quadratic dependence
of a"F(w) on w at low energies in high-resistivity amorphous metals; an even
sharper reduction in the electron-phonon interaction and hence in a“F(w) has
been found by Poon, who treated the problem in transition-metal systems in the
context of the Barisic-Labbe-Friedel rigid-ion approximation.

68

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Y



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLEING. FORM

7. REPCRT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
ARLCB -TR-8202s
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PE"IOD COVERED
THE EFFECTS OF PARTIAL LENGTH CHROMIUM PLATING Final
ON THE WEAR AND ACCURACY BEHAVIQOR OF THE 105 MM
M68 CANNON 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(s)
V. Peter Greco
9. PERFORMING ORGANIZATION NAME AND ADORESS 10. 5::(E)(A',RGA:OERLKESS'NTT.NPUR”OBJEERCST. T ASK
US Army Armament Research & Development Command AMCMS No. 6436.28.00700
Benet Weapons Laboratory, DRDAR-LCB-TL PRON No. GG-8-25521-GG-MT
Watervliet, NY 12189
1. CONTROLLING QFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research & Development Command August 1982
Large Caliber Weapon Systems Laboratory 3. NUMBER OF PAGES
Dover, NJ 07801 >
14, MONITORING AGENCY NAME & ADDRESS(!f different from Controlling Otfice) 15, SECURITY CLASS. (of thie report)
UNCLASSIFIED
1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report) .
Distribution limited to US Government Agencies only because of test and
evaluation; August 1982, Other requests for this document must be referred to
Commander, ARRADCOM, ATTN: Benet Weapons Laboratory, DRDAR-LCB-RP, Watervliet
Arsenal, Watervliet, NY 12189.

17. OISTRIBUTION STATEMENT (of the abatract entered in Block 20, {f different from Report)

18. SUPPLEMENTARY NOTES
Presented at Tri-Service Manufacturing Technology Metals Subcommittee Surface
Treatment WK, Hyannis Port, MA, July 1981.

19. XKEY WORDS (Continue on reverse side If necessary and identify by block number)

Chromium Coatings Deposit Spalling
Wear and Accuracy Thickness Effects
Erosion Dispersion

20. ABSTRACT (CTantiaue e reverse side if necoesary and idevdity by bdlock number)

Ammunition additive has been introduced in the 105 mm M68 gun system to resist
primary erosion at the commencement of rifling. However, the use of the
additive has resulted in the formation of a down bore erosion profile called
"secondary erosion”. Secondary erosion has caused unacceptable target
dispersion with the M392 projectile.

(CONT'D ON REVERSE)

DD , %" 673 eocimom oF 1 nOv 6513 oRsOLETE 00 UNCLASSTFIED
a2
SECURITY CLASSIFICATION OQF THIS PAGE (When Date Entered)




SECUMITY CLASSIPICATION OF THIS PAGE(When Dete Entered)

20. ABSTRACT

This report describes a series of efforts taken to retard both primary and
secondary erosion and restore tube life to its expected 1000 rounds. A
major part of the investigation includes a new concept which was introduced
to eliminate chipping and spalling of chromium down bore during early stages
of firing. This involved the use of partially plated gun bores which
successfully retarded primary and secondary erosion without degradation in
target dispersion.

70

SECURITY CLASSIFICATION OF THIS PAGEMWhen Dara Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE pErCEAD INSTRUCTIONS

1. REPORT NUMBER 2. GOVT ACCESSION NO.[ 3. RECIPIENT'S CATALOG NUMBER
ARLCB-TR-82026
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
VARIATIONAL PRINCIPLE FOR GUN DYNAMICS WLTH )
ADJOINT VARIABLE FORMULATION Final

6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
C. N. Shen
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELLEMENT PROJECT, TASK

AREA & WORK UNIT NUMBERS

US Army Armament Research & Development Command AMCMS No. 611102H600011
Benet Weapons Laboratory, DRDAR-LCB-TL DA Project No. 1L161102AH60
Watervliiet, NY 12189 PRON No. 1A2250041A1A
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORY DATE
US Army Armament Research & Development Command September 1982
Large Caliber Weapon Systems Laboratory 3. NUMBER OF PAGES
Dover, NJ 07801 18
14.  MONITORING AGENCY NAME & ADDRESS(!! different from Controlling Office) | 1S. SECURITY CLASS. (of thie report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING

SCHEDULE

'6. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in 8Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Presented at the Third US Army Symposium on Gun Dynamics, Institute oan Man and
Science, Rensselaerville, NY, 1l1-14 May 1982.

Published in proceedings of the conference.

19. KEY WORDS (Continue on reverae aide if necessary and identify by block number)

Gun Dynamics Finite Elements
Euler-Bernoullli Beam Spline Functions
Adjoint Variational Principle Boundary and Initial Value Problems

Bilinear Forms

20. APSTRACT (Cootfaus an reverss side /f necwesary mnd identity by block number)

Gun dynamics problems involving a moving shell have several delta functions in
vhe forcing terms of the equations of motion. The use of a variational method
in conjunction with finite elements smooths the differentiability of the
variables in the expression involving the delta functions. This report
suggests that solutions of the gun dynamics problems be obtained numerically
by a variation principle where the far end conditions in time are not required
(CONT'D ON REVERSE)

DD , ';2:‘.,, EDITION OF ) NOV 85 1S OBSOLETE - UNCLASSIFIED

SECUMTY CLASSIFICATION OF THIS PAGE ("hen Dera Entered)

RIS i e I TSN




SECURITY CLASSIFICATION OF THIS PAGE("hen Date Entered)

20. ABSTRACT (CONT'D)

for purposes of computation. In solving mixed boundary and initial value
problems of a high order partial differential equation using spline functioms,
the computation wmay be simplified considerably if the variable in time can be
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Laboratory testing apparatus 1is described which can be used to simulate the
launch loading of penetrator and sabot components from kinetic energy penetrator
rounds. The load and detlection to failure of production components has been
measured and compared for different materials and configurations.

Results are described from penetrators made from a uranium alloy and two

tungsten alloys. Results from sections of sabots are described, irncluding two
aluminum alloys and different configurations.
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20. Abstract (Cont'd)

The plan was to adapt the thermal warning device from the 155mm M198
Howitzer to the 155mm M109A1/A2/A3 Howitzer. The major problem required
developing a method to attach the temperature sensor to a cannon tube
which recoils through concentric recoil bearings without reducing the
fatigue life of the cannon. After a suitable attachment method had been
developed and successfully tested, the program was terminated by ARRCOM
because of funding priorities.
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strain gages mounted along its length.

and tiane.

The work herein reports on the motion of a 30 mm gun tube as measured via
Simultaneous and independent measure-
ments of motion at mid-tube and at the muzzle supply sufficient corroboration
to remove all doubt as to the magnitude and character of the motion in space
Cubic interpolating splines are used to determine the bending
strains along the tube at any time through shot ejection.
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at many instants in time are obtained by spatial integration of the strain
distribution to form a motion picture of the shape of the centroidal axis of
the tube. The motion clearly shows the formation and propagation of a
waveform near the breech end of the tube. Wave dispersion, whereby short wave
lengths separate from the early waveform and travel faster toward the muzzle -
as predicted by elementary begm theory - is clearly evident. The arrival and
relfection of these short waves cause significant displacement and rotation of
the muzzle. :

Despite the clarity and confidence level inherent in the measurements, their
magnitude remains five to ten times above that which can be explained at the
present time. Mass eccentricity of the breech, barrel, or projectile is not
sufficient to induce such motions - nor are interactions of the tube supports
(deliberately of low stiffness) or loads arising from the tube curvature or
asymmetric stiffness. While the discrepancies between measured and predicted
notions are considerably less than those noted at the Second Gun Dynamics
Symposium (1978), their magnitudes are still umsatisfactory.
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This report is a study of the sliding behaviors of a number of copper alloys
and other metals at various velocities. The research was carried out using the
“pin-on-disk” friction and wear machine used for the work in ARRADCOM Technical
Report ARLCB-TR-82018, The same three disk metals (AISI 4340 steel, chromium
electroplate, and tantalum) and the same pin metals were also used. Previous
experiments were at a sliding speed of 1.70 meters per second (m/s). In this
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20. ABSTRACT (CONT'D)

work sliding speeds of 3.05 m/s and 0.58 w/s were added for most of the alloys
sliding on steel.

The amount of transferred metal generally increased with sliding velocity for
copper alloys sliding oau both steel and chromium electroplate but not for
sliding on tantalum, The wear rates for the copper alloys sliding on steel
usually increased as the gliding velocity increagsed from 0.58 m/s to 1.70 m/s,
and then generally decreased as the sliding velocity increased still further
from 1.70 m/s to 3.05 m/s sliding both on steel and tantalum. The wear rates
sliding on chromium electroplate, on the other hand, remained about the same
or increased as the sliding velocity increased from 1.70 m/s to 3.05 m/s. The
coefficients of friction usually dropped as the speed of sliding was increased
from 0.58 m/3 to 1.70 m/s (only sliding on steel was investigated) and then
usually remained about the same as the velocity was further increased from
1.70 m/s to 3.05 m/s.

It was not possible to correlate metal transfer, scuffing (rough transfer), or
friction with the properties of the metal pair and, contrary to the situation
at 1.70 m/s, there was no effect of hardness on wear at 3.05 m/s. At the
faster sliding speed both wear and metal transfer of aluminum bronze and
welded overlay band materials were not essentially different from the other
copper alloys. (A difference had been found at a sliding speed of 1.70 m/s.)

98

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




Y

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
[T- REPORT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
ARLCB-TR-82040
s. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

EROSION AND ITS CONTROL
Final

6. PERFORMING ORG. REPORT NUMBER

1 7. AUTHOR(e) 8. CONTRACT CR GRANT NUMBER(s)
Vi R. S. Montgomery and F. K. Sautter

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. ::ggzk"OERLKE:’srTT'NPURMOBJ!Eg;' TASK
US Army Armament Research & Development Command AMCMS No. 611102H600011
Benet Weapons Laboratory, DRDAR-LCB-TL DA Prvoject No. 1L161102AH60 :
Watervliet, NY 12189 PRON No, 1A22S50041A1A i
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research & Development Command December 1982
Large Caliber Weapon Systems Laboratory 3. NUMBER OF PAGES
Dover, NJ 07801 _ 16
T uonToRmG ACENCTY NANE S ADDRESS(If different from Controlling Office) | \5. SECURITY CLASS. (of thia repart)
UNCLASSIFIED

1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbatract entered In Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

To be presented at Spring Meeting ASLE, Houston, TX, 25-28 April 1983.
To be published in Transactions of ASLE Meeting.

19. KEY WORDS (Continue on reverse side !f necessary and identify by block number)

Erosion

Bore Temperature
Temperature Resistance
Propellant Additives

20. ABSTRACT (Casthise an reverse sbis ¥ andd 1 by dlock number)

Gun erosion is a complicated process which involves a number of interrelated
factors. There is general agreement that erosion is a function of bore temper- 1
ature but this does not eliminate controversy about its causes or the relative a
importance of different factors. The three effects involved in gun erosion are
thermal, chemical, and mechanical. In the case of the most important erosion,
that of steel bores at the origin-of-rifling, the chief factor 1is probably
(CONT'D ON REVERSE)
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20, ABSTRACT (CONT'D)

thermal. However, no matter what the specific mechanism of erosion, it is a
function of the rate of heat transferred to the bore. It can only be
controlled by making the steel bore more resistant to temperature by coating
it with a layer of another material or by lowering the rate of heat transfer
from the propellant gases.
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