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4" 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 manufacturer(s) does not constitute

an official indorsement or approval.

DESTRUCTION NOTICE

For classified documents, follow the procedures in DoD 5200.22-M,

Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information

Security Program Regulation, Chapter IX.

For unclassified, limited documents, destroy by any method that will

prevent disclosure of contents or reconstruction of the document.

For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.
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(LCWSL) Technical Reports - 1984
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Kinematic Hardening Theory
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Electrode Process), PREP (Plasma Rotating Electrode Process), and PMRS
(Plasma Melted and Rapidly Solidified);

2. Mo reduced 2 and 5 =r;
3. Mo-0.1% cobalt, co-reduced;
4. Mo-5 wt. % alumina (A1203 ), dispersion strengthened.

Hot Isostatic Pressing (HIP) densificatioa occurred at 15-30 Ksi, 1300-1600*C,
for 1.5 to 3.0 hours. The TZM REP/PREP powders (220/74 ta) were not fully
densified even at 1600*C, 30 Ksi, 3 hours. Point particle contact prevented
complete void elimination. TZM PMRS powder (24.7 um) achieved 99 percent of
theoretical density while maintaining a small grain size (10.4 ASTM eq.) Bend
deflection and fracture energies were approximately three times those for PREP
powder at a bend rupture strength of about 120 Ksi. Mo reduced and Mo-0.1% Co
powders showed less (or the same) ductility with increasing HIP temperatures.
Fractures were intergranular with decreased bend rupture and compression
strength. The Mo-5A1203 powder maintained a fine grain size (13 ASTM eq.),
but with fracture energies usually less than 0.6 in.-lbs. Included are
results from bending and compression testing with metallographic and fracture
mode interpretation.
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For a robot to be able to perform a task in a dynamic workscene, it must be
able to identify the objects in the scene. To achieve this objective, a form
of sight must be provided. The first stage in achieving sight is the
collection of visual input data. This input is in the form of depth
information, such as that received from a laser range finder.
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20. ABSTRACT (CONT'D)

The laser range finder for a mobile robot is mounted on a mast from which a
noisy measurement matrix is generated. This range matrix has a grid with
azimuth angles as its abscissa and elevation angles as its ordinates. With
these noisy measurements, a rapid estimation scheme is used to det -he
presence of horizontal and vertical edges on a terrain by processil range
data successively along each column and row of the range matrix. Mai. points in
a three-dimensional space are generated by estimating sudden change in the range
and range slopes using detection scheme with a decision tree. The result of the
estimation is a collection of data points to form a curve in space that belongs
to some edge of an obstacle from the vantage point where the laser range finder
is located. The orthogonal surface slopes of an obstacle can be determined from
the range slopes which are estimated from the range matrix. The segmentation of
range data on the basis of surface slopes provides groups of connected data
points that belong to one particular face of some observed obstacles. The
problem of grouping range data points of different planar surfaces on the basis
of their surface slopes becomes an application of clustering analysis.

A data clustering and surface fitting operation must be performed and the
location of edges and vertices must be determined. Objects are then assembled
from these surfaces, edges, and vertices. There are no a priori knowledge of
the number of objects in the workscene, however, it is assumed that all the
objects in the scene can be approximated modeled as having many planar surfaces.
Limitations of a sight system depend on the form of input data used. Systems
such as laser range finder systems, which use range information directly, cannot
determine edges between objects which are in close alignment. Clearly none of
these input data styles can determine the scene description perfectly;
therefore, any object recognition scheme would strive for consistency.

The first approach of a heuristic scheme for object reconstruction and formation
is presented here based on input data containing depth information. This scheme
will reconstruct plane faceted objects from a workscene described as edges,
faces, and vertices in cartesian coordinates. The set of heuristic rules is
based on geometric considerations and insight into the characteristics of
objects, which are found to be the convexity and colinearity of edges. Methods
for determining if an edge is convex or concave and if two edges are colinear
are developed. These methods are consistent, regardless of the viewer's point
of observation. If parts of the image of the workscene in the input information
exhibit certain properties, then these parts will be grouped as an object.
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When an otherwise homogeneous material under stress contains small defects

(i.e., internal cracks and/or voids), the stresses at parts of the material-I- defect interface significanLly exceed the ones anticipated at that location in
the absence of such irregularities. Consequently, a structural member, other-
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20. ABSTRACT (CONT'D)

different materials (and even the same material when loaded in different
orientations) reflect different sensitivity to such 'stress-raisers'--a
material property known as fracture toughness. Test samples and testing
procedures have been devised in order to quantify this material property. The
relation between the applied load and its displacement (or gap opening) at the
point of crack growth is being used herein to determine (compute) material
fracture toughness.

While the equations derived for the stress field near the edge of a defect in
an otherwise uniform field assume an infinite volume of material to surround

the (relatively) very small defect, the crack to width and/or height in these
laboratory size testing samples is definitely a finite one. This report
offers a mathematical relation between the applied load and that part of the
deflection (gap opening) which is due to the cantilever-like part of the
sample, for that class of fracture toughness test specimens which can be
escribed as double cantilever. A beam theory approach is used.
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the base metal occurs lue to undermining of the hot propellant gases leading
to early condemnation of the gun tube.

An electrochemical deburring technique for rounding off the sharp corners
prior to plating has been established and is reported here. Design of a
special apparatus and a procedure for its use are described in detail.

Also included are the specifications for the material and equipment, with
instructions to construct the apparatus and associated tooling which make up

*the work kit to deburr the holes.
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Crack growth rate measurements have been made in three mercury embrittled
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6061-T651, and 7075-T651. The loading conditions were fixed displacement
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fixed load static conditions no crack growth was observed below a threshold
stress intensity factor (KILME). At K levels greater than KILME cracks grew
on the order of cm/s, while under fixed displacement loading, the crack growth
rate was strongly dependent upon the strength of the alloy tested. This was
attributed to crack closure. In the fatigue tests, no enhanced crack growth
occurred until a critical range of stress intensity factor (AKth) was
achieved. The AKth agreed well with the KILKE obtained from the static tests,
but the magnitude of the fatigue growth rate was substantially less than was
expected based on the static loading results. Observations of the fracture
surfaces in the scanning electron microscope (SEM) suggested a brittle
intergranular fracture mode for the 6061-T651 and the 7075-T651 alloys under
all loading conditions. The fractographic features of the 1100-0 alloy under
fixed load and fatigue loading conditions were also brittle intergranular.
Under fixed displacement loading the cracks grew via a ductile intergranular
mode.
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Scanning and transmission electron microscope examination of electrodeposited
chromium has revealed that plating conditions affect the size and orientation
of the very fine individual crystallites. Plating at 55*C results in a bright,
very hard, 1180 Knoop-hardness number (KHN), coating comprised of 0.1 =.n

diameter grains with a strong <1i1> fiber texture oriented perpendicular to the
surface of the base metal. Plating at higher temperatures such as 85°C, or
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with a well-aged plating solution, produces a much softer deposit (600 KHN)
composed of 1.5 pm grains with a much less pronounced crystallographic
texture. High tensile stresses and the resulting crack formation in the
deposit appear to be due to the very large and aligned void space associated
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results in one or two percent shrinkage of the chromium as the grain boundary
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J-R curves were determined for five materials (7075-T651; 2024-T351; HY130;
HY80; and A723, Class 1, Grade 4) using precracked Charpy samples and standard
size C(T) and SE(B) samples. Crack growth in the Charpy samples was estimated
using the "load drop" method of analysis of the load displacement trace, and
crack extension in the C(T) and SE(B) specimens was determined using the
electric potential method. The results show that physical crack extension in
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the larger sample was not well estimated by the Charpy sample results.
However, if the crack extension is presented as relative crack growth (as a
percentage of the uncracked ligament), the agreement between the two widely
different specimen sizes is much better, although not exact. With the
exception of the relatively brittle 7075-T651, the J corresponding to zero,
one percent, and two percent crack growth was higher in the Charpy samples
than in the larger samples. This was attributed to the inability of the "load
drop" method to determine the exact location of the crack initiation.
Although nonconservative, we believe the "load drop" method analysis of
precracked Charpy data is adequate for quality control toughness testing
provided that it is realized that Jjc and J-R curves may be overestimated
slightly.
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The laminated plating experiments were conducted at LC/HC solution
temperatures of 85 and 55*C, current densities of 120 and 45 A/dm

2, and at

LC/HC duty cycles to produce spacings between 0.01 and 2.7 M. Under these

plating conditions, deposits with hardness values between 655 and 1089 KHN and
tensile strengths between 6.8 and 57.2 were obtained.
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A computer model of an explosive compound, Composition B, solidfying in an
M155 mm artillery shell is presented. Shells having been cast with the
compound are frequently found with cracks seriously affecting their use. By
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the model. The properties of both the Composition B and steel shell are
treated as functions of temperature, and the boundary conditions are
considered to be functions of both temperature and time. While the crack
initiation cannot be predicted, following the solidification front will give
information towards understanding the process. The work will establish the
transient temperature distributions and solidification front motions for the
various boundary conditions used. An extension of this work, to be performed
later, will consider the stresses in the solidfying shell and the residual
stress state after solidification is complete.

100
, SECURITY CLASSIFICATION OF THIS PA GE(Whon Data Entered)

.%



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR- 85004

4. TITLE (nd Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

THERMAL SHUTDOWN SYSTEM FOR IBM 4341 COMPUTERS Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) S. CONTRACT OR GRANT NUMBER(&)

Mark Johnson

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

US Army Armament Research & Development Center AREA& WORK UNITNUMBERS
Benet Weapons Laboratory, SMCAR-CCB-TL
Watervliet, NY 12189-4050

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research & Development Center December 1985
Close Combat Armaments Center Is. NUMBER OF PAGES

Dover. NJ 07801-5001 11
14, MONITORING AGENCY NAME & ADDRESS(I1 different from Controlling Office) 1S. SECURITY CLASS. (of We report)

UNCLASSIFIED
IS&. DECLASSI FI CATION/DOWN GRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of thls Report)

Approved far public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract mntered In Block 20. If different from Report)

*, IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side If necessary md Identify by block number)

IBM 4341
Microprocessor
Shutdown
Temperature
Computer

124. ABTACT r(Cmioun s reverse eib If ecesemy d Identify by block number)

*" This report describes a thermal shutdown system designed to augment an
IBM 4341 processor running the VM/CMS operating system. The microprocessor
system monitors room temperature and alerts computer users to an impending
shutdown when the temperature becomes too high. A user defined shutdown
procedure is then executed prior to powering off the processor and all
local peripherals.

DO I FAOR2 1473 ecWON or I NOV 6S IS OISOLETE 101 UNCLASSIFIED
SECURITY CLASSIFICATION OF ThIS PAGE (Whm Date Entered)

_....

*,, , *.**, ! .



SECURITY CLASSIFICATION OF THIS PAOE(Whmi Data Saitomd)

s~

SECURITY CLASSIFICATION OF THIS PAGE(W7ien Date Entoeed)

V~ 

'~ , f ~ - v..



* -,~~~ ~~ -1-- it _117-W~ W Itt 7At. C-r.~4 0 1 m-w-k~~.~. T. .. l ft. 1

TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

NO. OF
COPIES

CHIEF, DEVELOPMENT ENGINEERING BRANCH
ATTN: SMCAR-CCB-D 1

-DA 1
-DP 1
-DR 1
-DS (SYSTEMS) 1
-DC 1

CHIEF, ENGINEERING SUPPORT BRANCH

ATTN: SMCAR-CCB-S 1
-SE 1

CHIEF, RESEARCH BRANCH
ATTN: SMCAR-CCB-R 2

-R (ELLEN FOGARTY) 1
-RA 1
-RM 1
-RP 1
-RT 1

TECHNICAL LIBRARY 5
ATTN: SMCAR-CCB-TL

TECHNICAL PUBLICATIONS & EDITING UNIT 2
ATTN: SMCAR-CCB-TL

DIRECTOR, OPERATIONS DIRECTORATE 1

DIRECTOR, PROCUREMENT DIRECTORATE 1

DIRECTOR, PRODUCT ASSURANCE DIRECTORATE 1

NOTE: PLEASE NOTIFY DIRECTOR, BENET WEAPONS LABORATORY, ATTN: SMCAR-CCB-TL,
OF ANY ADDRESS CHANGES.

%

a'. *'. ,.'; '. - . X. - - - ' - ' . '- .". . * ".. "-. .". '. -. -... ' '- --* -



TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

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
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)
ATTN: DTIC-ODA 12 ROCK ISLAND, IL 61299
CAMERON STATION
ALEXANDRIA, VA 22314 DIRECTOR

US ARMY INDUSTRIAL BASE ENG ACTV
COMMANDER ATTN: DRXIB-M
US ARMY MAT DEV & READ COMO ROCK ISLAND, IL 61299
ATTN: DRCDE-SG 1
5001 EISENHOWER AVE COMMANDER
ALEXANDRIA, VA 22333 US ARMY TANK-AUTMV R&D COMO

ATTN: TECH LIB - DRSTA-TSL
COMMANDER WARREN, MI 48090
ARMAMENT RES & DEV CTR
US ARMY AMCCOM COMMANDER
ATTN: SMCAR-FS 1 US ARMY TANK-AUTMV COMO

SMCAR-FSA 1 ATTN: DRSTA-RC
SMCAR-FSM 1 WARREN, MI 48090
SMCAR-FSS 1
SMCAR-AEE 1 COMMANDER
SMCAR-AES 1 US MILITARY ACADEMY
SMCAR-AET-O (PLASTECH) 1 ATTN: CHMN, MECH ENGR DEPT
SMCAR-MSI (STINFO) 2 WEST POINT, NY 10996

DOVER, NJ 07801
US ARMY MISSILE COMO

DIRECTOR REDSTONE SCIENTIFIC INFO CTR 2
BALLISTICS RESEARCH LABORATORY ATTN: DOCUMENTS SECT, BLDG. 4484
ATTN: AMXBR-TSB-S (STINFO) I REDSTONE ARSENAL, AL 35898
ABERDEEN PROVING GROUND, MD 21005

COMMANDER
MATERIEL SYSTEMS ANALYSIS ACTV US ARMY FGN SCIENCE & TECH CTR
ATTN: DRXSY-MP ATTN: DRXST-SD
ABERDEEN PROVING GROUND, MD 21005 1 220 7TH STREET, N.E.

CHARLOTTESVILLE, VA 22901

NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET WEAPONS LABORATORY, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.



TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

NO. OF NO. OF
COPIES COPIES

COMMANDER DIRECTOR
US ARMY LABCOM US NAVAL RESEARCH LAB
MATERIALS TECHNOLOGY LAB 2 ATTN: DIR, MECH DIV 1
ATTN: SLCMT-IML CODE 26-27, (DOC LIB) 1
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.O. BOX 12211 AFATL/DLJG I
RESEARCH TRIANGLE PARK, NC 27709 EGLIN AFB, FL 32542

COMMANDER METALS & CERAMICS INFO CTR

US ARMY HARRY DIAMOND LAB BATTELLE COLUMBUS LAB 1
ATTN: TECH LIB 1 505 KING AVENUE
2800 POWDER MILL ROAD COLUMBUS, OH 43201
AOELPHIA, MD 20783

COMMANDER
NAVAL SURFACE WEAPONS CTR
ATTN: TECHNICAL LIBRARY 1

CODE X212
DAHLGREN, VA 22448

NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET WEAPONS LABORATORY, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.
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