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ABSTRACT 

This bibliography is a compilation of 7 technical 

research articles,  7 technical memorandum reports, 

3 technical notes,  26 technical  research reports, 

9 technical  test reports,  and 29 patents, which 

were issued during March 1975    through February 1976. 

It is the intent of the library to issue this index 

at least  yearly. 
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20.   ABSTRACT CCenlinue an reraree aide If naeaaianr and Idand/yfer Week nunfeeO   fj^g   homODOlymerlzat ion   of 

methyl a-n-alkylacrylates with long alkyl groups was studied.    Methyl a- 
n-dodecyl-, methyl a-n-hexadecyl-,  and methyl a-n-octadecylacrylate were 
prepared from the appropriate alkylmalonic monomethyl esters via a Mannich- 
type reaction which yielded a product free from isomeric impurities.    Anio- 
nic homopolymerizations were carried out using sodium naphthalene  (at -75°) 
and sodium metal  (at 0°  and room temperature)  as  initiators.    The highest 
molecular weights and yields of polymer have thus  far been obtained using 
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20.    sodium metal;  e.g.,  after 14 days at 0°   a Mn of 15,000 (80% yield)  was 
obtained for poly(methyl a-n-dodecylacrylate),  and after 8 days at room 
temperature  a Mn of  7083  (70% yield)  was  obtained  for poly(inethyl »-n-hexa- 
decylacrylate) .     Emulsion polymerizations of the methyl a-n-dodecylacrylate 
and methyl cx-n-octadecylacrylate with ammonium persulfate  and sodium bisul- 
fite yielded traces  of oligomers.    Poly(methyl a-n-dodecylacrylate)  is a 
clear, colorless,  sticky,  rubbery polymer.    Its X-ray diffraction pattern 
shows  it  to be   amorphous at  room temperature.    The  poly (methyl Qf-n-hexa- 
decylacrylate)   and poly(methyl Qf-n-octadecylacrylate)  are white waxes which, 
when heated, resemble the poly(methyl a-n-dodecylacrylate).    X-Ray dif- 
fraction studies at  room temperature on a thin film of the polymers show 
crystallinity.    All  of the  polymers are readily soluble  in aromatic and 
aliphatic hydrocarbons and ethers and slightly soluble  in alcohols and 
ke tones. 

This research has produced the first poly(methyl a-n-alkylacrylates) 
with alkyl >Ci2Ho5«     Such polyroers, because of their friction and wear 
reducing characteristics, are potentially useful as additives for Army 
fluids and lubricants. 
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20.    ABSTRACT (Continum on rovora« «Id« II necefmy and Idinllty by block number) 

The hydrogen bonding  characteristics of  well-characterized nitrocellulose 
samples were studied by means of IR spectroscopy.     Results obtained  for 
nitrocellulose  samples of varying nitrogen content  shewed  that  the strength 
of  the hydrogen bond  increases with decreasing nitrogen content.     In 
addition,  atmospheric moisture was  found  to hydrogen bond with nitro- 
cellulose hydroxyl groups.    The implications  of these findings on the de- 
terring phase of  the  small arms propellant manufacturing process are 
discussed. 
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The concentration profile of a deterrent  (di-n-butyl phthalate) which had 
been diffused into a nitrocellulose sphere  (ball propellant)  containing 
nitroglycerin was  studied by means of autoradiography.     Results indicate 
a level concentration part way into the sphere with an  abrupt dropoff in 
concentration.    An explanation for this type of concentration profile is 
offered based on hydrogen bonding of the deterrent  carbonyl group with un- 
esterified hydroxyl groups  in nitrocellulose. 
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An investigation was carried out to determine the effect of various 
ingot thermal mechanical processing treatments on the grain size and mechan- 
ical properties of high purity homogeneous 7075 aluminum alloy sheet and 
plate. The results indicate that the recrystallization of 7075 alloy into a 
fine grained structure can be controlled by the distribution of the Cr in 
the microstructure, as well as by the distribution of the major alloying 
elements ,  Zn,  Mg and Cu.      A new ingot processing technique,  FA-ITMT, was 
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20.     ABSTRACT  (Cont'd) 

developed  for producing fine grained  7075 sheet and plate.     Data are pre- 
sented which show that  fine  grained  7075  sheet and plate have equivalent 
strength and  significantly better ductility than conventionally processed 
material. 
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Division at  Frankford Arsenal is  involved in an extensive research effort 
aimed at upgrading the engineering properties of wrought high strength  7000! 
series aluminum alloys through thermomechanical processing of  the  ingot 
material.     The development of two new ingot thermomechanical processing 
techniques,   ISML-ITMT and FA-ITMT,   is presented.     The effects  of  these 
techniques on the recrystallization behavior,   grain morphology,   tensile 
properties,   fracture toughness and stress corrosion resistance of high 
purity 7075 alloy sheet and plate is presented.     The recrystallization of 
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7075 alloy Into a fine grained material was found to be controlled by the 
distribution of the major alloying elements, Zn, Mg and Cu, as well as by 
that of the ancillary element, Cr. The results showed that for a given 
standard temper, i.e., T6, T76 and T73, high purity ITMT processed 7075 allo 
has finer grain size, equivalent strength and better ductility, fracture 
toughness and stress corrosion characteristics than commerical 7075 alloy. 
The work also showed that high purity ITMT processed 7075 alloy in the FTMT 
temper (a temper involving a deformation stage between an initial and a 
final artificial aging stage) has higher strength, ductility and fracture 

toughness than commercial 7075--T6 alloy. 
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relevant sabot parameters.    Predicted results of the model with respect to 
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(3) the cartridge case inertial force, and (4) the force caused by the 
impact of the bolt carrier group with the bolt and cartridge case.  A 
cartridge case extraction model based on thin shell theory, has been de- 
veloped which describes the effects of several mechanical and material 
parameters on the extraction force of the M16 weapon. Another model 
describes the cartridge case-chamber interaction with cycling mechanism 

and weapon dynamics. 

A parametric study involving six geometric and materials parameters 
for both conventional brass and 7475 (TMT) aluminum 5.56 mm cases in the 
M16 weapon is presented. Results defining the lowering of extraction 
force in terras of six materials and design factors are stated.  It is 
found, based on these results, that the aluminum case is superior to 
brass in case of extraction. 
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a computer program to analyze llm escapement mesh rewulted in a de- 
simi wlii' h operated significantfy smoother and started more readily. 
Roth laboratory and ballistic tests verified that this new version met 
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from automated pole figure analysis of coupons cut from the flared 
liner.    A description Is given of the shear spin process, the con- 
straints Imposed by the sine law, and the complications Introduced by 
deviating from It. 
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20. ABSTRACT - (cont'd) 

analyzed numerically, and the heat flux was obtained from experimentally 
determined burning rates of stationary and spinning tracer bullets. The 
presence of the binder was neglected in the analytical study. 

By assuming that the metal oxide was generated in the gas phase, the 
thickness of the reaction zone was obtained as a function of the particle 
size. Burning rates were computed as a function of heat flux for various 
fuel-to-oxidizer ratios. The application of these findings to tracer 
munitions still requires experimentally determined burning rates that 
define the partition between the heat flux into the solid and the total 
heat generated by the tracer reaction. 

The understanding of tracer reactions which was achieved in this study 
will be valuable in other applications of metal-oxidant systems such as 
flares and fumer bullets. 

I 

UNCLASSIFIED 

33A IICURITY CLAUIFICATiON OP THIS PAOtfWi«. Dim Bnlmnd) 

■'■■■ '"■&- 
BSMj^gagsiaiaatJli^^ WMlMlilM  - BÜÜÜi 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE fUTmi D*lm Knfrta) 

12 March 1976 FAP  310-5 

REPORT DOCUMENTATION PAGE 
\.   REPORT NUMBER 

FA-TR-75001 
2. OOVT ACCESSION NO 

4.   TITLE (■•nd SufclKU) 

X-RAY STUDIES OF BELGIAN PRODUCED 105MM HEAT- 
T-M456 SPIN COMPENSATED SHAPED CHARGE LINERS 

7.    AUTHORO) 

Fred Witt 

9.   PERFORMING ORGANIZATION NAME AND ADDRESS 

Frankford Arsenal 
Attn: SARFA-PDM-E 
Philadelphia, PA    19137 

It,   CONTROLLING OFFICE NAME AND ADDRESS 

ARMCOM 

U.   MONITORING AGENCY NAME • ADDRESSC" dlHmrml from ConlroHIn« Olllct) 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

I. RECIPIENrs CATALOG NUMBER 

9. TYPE OF REPORT • PERIOD COVERED 

Technical research report 

6 PERFORMING ORG. REPORT NUMBER 

• . CONTRACT OR GRANT NUMBERfa.) 

AMCMS Code: 675709.12.03900 
DA Proj:  1Y765709D650 

10.   PROGRAM ELEMENT, PROJECT, TASK 
AREA ft WORK UNIT NUMBERS 

12.   REPORT DATE 

January 1975 
13.   NUMBER OF PAGES 

43 
IS.   SECURITY CLASS, (ol Ihlt nporl) 

Uuclassified 

IS«.   DECLASSIFICATION/DOWNGRADING 
SCHEDULE        N/A 

I«.    DISTRIBUTION STATEMENT (ol Oil* Rtpoit) 

Approved for public release; distribution unlimited. 

17.   DISTRIBUTION STATEMENT (ol Ih» mbotrtcl mxlond In Block 20, II dllUritl from Kmpcrt) 

<*.    SUPPLEMENTARY NOTES 

19.   KEY WORDS (Contlnu* on r»v«r«« «Id« H nocoaaary and tdanttty by block numbmr) 

Heat Ammunition 
Shaped Charge Liners 
Automated X-ray Analysis 
Preferred Orientation 

Metal Drawability Index 
Pole Figures 
Texture 

20.    ABSTRACT CConrinu« on rama* aid» II nacaaamy tod Idanllly by block numbar) 

Recently developed computer aided equipment and associated mathe- 
matics is described for determining the R- value index of metal draw- 
ability as determined from automated pole figure analysis of coupons 
cut from Belgian produced shaped charge liners. 

DO ^Tn W3 

>^^i^^aL^^^ 

EDITION OF I NOV «» IS OBSOLETE 

34 

UNCLASSIFIED 



iliPli|ipB|i|iyii„!m>pww'w !"■"«■ 

K i 

UNCLASSIFIED 

•■CURITY CLAMIFICATION Or THI» PMtfWhm Dmlm InfrxQ 

ITNCIASSIFIED 

SICUMITY CLAUIFICATION OF THIS PAOEflThMi Oat« Bnfnd) 

I fgggg/g/gggjg§ 



!4'"'WIWWWHW^WB^ 

UNCLASSIFIED 
SeCUNITY CUASSIF1CAT10M OF THIS PAGE (Whm Oat* Bnfrod) 

12 March 1976 FAP  310-5 

REPORT DOCUMENTATION PACE 
1.   REPOHT NUMBER 

FA-TR-75006 

2. GOVT ACCESSION NO, 

4.   TITLE fand Subllll«; 

TMDE TASK 05,  INFORMATION DYNAMICS, MAIDS STUDY 

MICROPROGRAMMING TECHNOLOGY AND APPLICATIONS. 

READ INSTRUCTIONS 
BEPORE COMPLETIHG FORM 

1.   RECIPIENT'S CATALOG NUMBER 

7.   AUTHORfaJ 

ROBERT E.  DOLCEAMORE 

».   PERFORMING ORGANIZATION NAME AND ADDRESS 

Frankford Arsenal 
ATTN:     SARFA-FCF-C 
Philadelphia,  PA    19137 

II.   CONTROLLING OFFICE NAME AND ADDRESS 

U.S.  Army Armament Command 
Rock Island,   IL    61201 

U.   MONITORING AGENCY NAME ft AODRESS<l/ dlf/aranf from Conlrollfn« OI«ea; 

S.   TVPE OF REPORT ft PERIOD COVERED 

Final Engineering Report 
S.   PERFORMING ORO. REPORT NUMBER 

S.   CONTRACT OR GRANT NUMBER^ 

10.   PROGRAM CLEMCNT. PROJECT, TASK 
AREA ft WORK UNIT NUMBERS 

AMCMS: 662610 
DA PROJ:  1G662610-AJ29 

12.   REPORT DATE 

JUNE  1975 
IS.   NUMBER OF PAGES 

J2i 
IS.   SECURITY CLASS, (ol IM» report; 

UNCLASSIFIED 
IS«.   DECLASSIFICATION/DOWNGRADING 

SCHEDULE N/A 

IS.   DISTRIBUTION STATEMENT (of tfif« Raporl) 

Approved for public release; distribution unlimited. 

17.   DISTRIBUTION STATEMENT (of Ih» mbtltmcl antarad In Block 30, II dfffarant fron Rapon> 

It.   SUPPLEMENTARY NOTES 

This effort is part of a coordinated program of applied research and ex- 
ploratory development in the application of microprogramming toward meeting 
the hardware and software requirements of  the Multipurpose Automatic 
Inspection and Diaenostic Syst-p.m  (MATHS). 

19 KEY WORDS (Contjnu* on ravaraa afda if nacaaaary and fdantffy Iff block number) 

MAIDS 
MICROPROGRAMMING 
EMULATION 

20.   ABSTRACT (Cenllnu* on rararaa «tda If nacaaaarf and Idmntlty by block numbtt) 

This report represents an initial study of the technology of microprogram- 
ming and its potential in solving the many technical problems associated 
with developing the MAIDS.  Identified are the character and status of 
microprogramming and the potential arena in which microprogramming will 
play an important role in the future.  Applications of this technology are 
discussed and research areas identified which are most appropriate to the 
technology requirements of MAIDS. 

;f 

DD,'; FORM AN 73 1473       E'JITION OF I NOV 65 IS OBSOLETE 

35 
UNCLASSIFIED 

SECURITY CLASSIFICATION OF THIS PAGE (Whin Data 8ni»r»c) 



.    - ■ ' '-■""■-   ,, ,   , :;.,. I mw>™m>^\.ß^.wJwmf^'*™'<*!*T*?B 

UNCLASSIFIED 

SECUWITY CLAMIFICATION OF THIS PAOEfWhl OgW KnUnd) 
12 March 1976 FAP 310-5 

18.  SUPPLEMENTARY NOTES (Cont'd) 

This effort was conducted under Common Test, Measurement and Diagnos- 
tic Equipment and Techniques - Information Dynamics, TMDE Task 05, Project 
Number 1G662610AJ2905. 

35^ 
UNCLASSIFIED 

SICimiTY CLASSIFICATION OF THIS PACt.(*ti»t> DM» BnlMMO 

•■v. r-'-'-Mii > ■ 

'^'^'•''-^-IffMAi-mi'ntfiiii mmmmmmsMimmimmiiämiiiliä ""—   ' ': -'""- I •'■"-'liiii 



UNCLASSIFIED 
SECURITY CLASSlflCATlON OF THIS PACE flWi»n D»tm Bnfrtd) 

12 March 1976 FAP  310-5 

REPORT DOCUMENTATION PAGE 
t.   «EPOST MUMBC« 

FA-TR-75024 
2. GOVT ACCCUION NO 

4.    TITLE (and Subllll») 

LASER RANGEFINDING TECHNIQUES FOR HELICOPTER 
FIRE CONTROL APPLICATIONS 
Phase I - Hardraounted Laser Concept 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

3.   RECIPICNT'S CATAUOO NUMBER 

S.   TYPE OF REPORT A PERIOD COVERED 

Final Test Report 

Qctr 1973 - Oct. 1974 
6.   PERPORMINQ ORS. REPORT NUMBER 

7.   AUTHORf«; 

Albert C.  Cappiella 

»    CONTRACT OR ORANT NUMBER^*} 

9.   PERFO <MINO ORGANIZATION NAME AND ADDRESS 

Fire Control Development & Engineering Dir. 
Frankford Arsenal,  ATTN FCW-W 
Philadelphia,  Penna.,     19137  

10.   PROGRAM ELEMENT, PROJECT, TASK 
AREA » WORK UNIT NUMBERS 

Prog. Ele. 63206A 
Proj. No. 1F263206D043 
Task Arpft 03, WnrV Unit tm F6 

11.    CONTROLLING OFFICE NAME AND ADDRESS 

U. S. Army Armament Command 
Rock Island, I7, 61201 

12. REPORT DATE 

January 1975 
IS    NUMBER OF PAGES 

33 
14    MONITORING AGENCY NAME « ADDRESSflf dllltnnl Inoi Controlling Ollle»)   | 1».   SECURITY CLASS, (ol Uilt rtport) 

I 
!  Unclassified 

lift   OECLASSIFICATION/OOWNaRAOING 
SCHEDULE 

1«.   DISTRIBUTION STATEMENT (ol ISIt Rtpotl) 

Approved for Public Release - Distribution Unlimited 

17.   DISTRIBUTION STATEMENT (ol Ihm tbttrtci Tlofd In Block 20, II dlllortnl Iron Roporl) 

IB     SUPPLEMENTARY NOTES 

19.    KEY WORDS f Conflnu« on r«v«ra« «Id« II nofamry mid identity by block numbmr) 

Lasers 
Rangefinders 
Fire Control for Helicopters 
Hardmounted  Configuration 

20.    ABSTRACT fContlnu» on rorott* »Id* II ntcommmr m>d Idmlltr by block mmbor) 

The concept of hardmounting a laser rangefinder to a helicopter airframe 
and having the pilot obtain the rang : to target by pointing the aircraft, 
was evaluated. The overall results indicate that this technique produced 
range errors of approximately 10% over all altitudes (300 ft. to 2500 ft.). 
The evaluation showed the range error to increase significantly as opera- 
tional altitude decreased. 

Continued on next page.   .   .   . 

DO .^«1473 EDITION OF t NOV «S IS OBSOLETE 

36 SECURITY CLASSIFICATION OF THIS PAGE (Wion DM« gnt.r.ci 

■•       U   ...i,   ijiU.A.'Hsj ^^määsmmmmmmmtm 



wmmmmm iuppiipn 

UNCLASSIFIED 
»eCUWITV CL AMiriCATIOM OF THIt PkWWkm DM» «ritwO 

12 «arch 1976 FAP  310-5 

This was due to small angular pointing errors translating into large 
horizontal miss distances when small grazing angles are incurred.     Range 
errors of 20-25% were projected at  50-100 ft.  altitudes.     It was also 
determined that last pulse return logic produced smaller range errors than 
first pulse return logic. 

In summary,   utilization of a laser rangefinder  in a hardmounted config- 
uration was found to be severely limited by the pilot's ability to  point 
the aircraft.     This  indicates  the need for  independent pointing of  the 
laser  for effective rangefinder application to helicopter fire control 
systems,  particularly under nap-of-the-earth  (NOE)  conditions. 

UNCLASSIFIED 
36Ä   SICUMTY CLAISiriCATION OF TMIi PMUWh*> DM» BnterMt) 

..>«.! I"**'""*"8 BatMiagllilllilgl 
..■.. ^I|1. II 



wm PüfP 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (TWiwi Dal« Bnlmrtd) 

12 March 1976 FAP  310-5 

REPORT DOCUMENTATION PAGE 
1.   MPORT NUHBCN 

FA-TR-75025 

2. GOVT ACCESSION NO 

..   ntUEf-**«.,., BINARY   pR0JECTILE   C0RR0SI0N 

PROBLEM - CORROSION & CORROSION INHIBITION OF 
METALS IN HYDROFLUORIC ACID SOLUTION. 

7. AUTHonr«; 

Fred Pearlstein 
Robert F. Weightman 

I.   PERFORMINO ORGANIZATION NAME AND ADDRESS 

Frankford Arsenal 
ATTN:  SARFA-PDC 

PhUadelphla. PA   19117 
II.   CONTROLLING OFFICE NAME AND ADDRESS 

Frankford Arsenal 

14.   MONITORING AGENCY NAME « ADDRESV" dllhtml from Conmlllnt Ollle») 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

S.   RECIPIENT'S CATALOG NUMBER 

8.   TYPE OF REPORT * PERIOD COVERED 

(.   PERFORMING ORC. REPORT NUMBER 

S.   CONTRACT OR GRANT NUMOERf«) 

10.   PROGRAM ELEMENT, PROJECT, TASK 
AREA • WORK UNIT NUMBERS 

MCMS CODE:     611101.11.04400 
DA PROJECT:     1T1611101A9A 

12.   REPORT DATE 

April 1975 
II.   NUMBER OF PAGlCS 

 n  
IS.   SECURITY CLASS, (of Oil» rmporl) 

UNCLASSIFIED 
IS«.   DECLASSIFICATION/DOWNGRADING 

SCHEDULE 
N/A 

IS.   DISTRIBUTION STATEMENT (at M» RcporO 

Approved for public release; distribution unlimited. 

17.   DISTRiauTION STATEMENT (ol tht abitracl anlaratf In Block 30, It dUtttml from Ktport) 

It.   SUPPLEMENTARY NOTES 

IS.   KEY WORDS fCondnua on ravart* »Id» II naoaaaary and Idmntlly by block numbaO 

Binary projectiles 
Corrosion 
Corrosion inhibition 
Protective coatings 

Steel membrane 
Hydrofluoric acid 
Electrode potentials 

20.   ABSTRACT CContlnua an rar •Ida If naoaaaarr i by biocknum a»;^orrog^on inhibition studies 

were conducted in relation to a problem encountered with a binary projectile 
system.  It was found that corrosion of steel in dilute (0.59 N) hydro- 
fluoric acid solution was greatly retarded by the addition of small amounts 
of A82O3 , o-tolylthiourea (OTTU), benzotrlazole (BT), gelatine (GEL), 
quinoline ethiodide (QEI), or n-laurylpyridinium chloride (NLPC).  The com- 
bination of OTTU-BT provided quite effective inhibition with little tendency 

DO,; FORM AN 71 1473 RDITIOH OF I NOV St It OBSOLETE 

37 
UNCLASSIFIED 

SECURITY CLASSIFICATION OF THIS PAGE fBhan Dala Xntarac'J 

^^iteUuM&a^^^ 

W^ww^Ai'iarFij^ 



w mrnmmmmmmmm •^fi" wnm wrwswgjpp«! FyrT^^^^mvimfi 

UNCLASSIFIED 

IECUWTV CLAtllFIOTION Of THII PAat.(Whm Dtm Mnfnt) 
12 March 1976 FAP 310-5 

20.  ABSTRACT (Cont'd) 

for pitting corrosion. The addition of inhibitor to hydrofluoric acid 
solution resulted in an increase in the corrosion potential of steel in- 
dicative of predominant inhibition of the anodic reactlou; the highest 
potential was obtained with OTTU addition.  The corrosion potential of 
steel in acid containing organic inhibitors was unrelated to degree of in- 
hibitor effectiveness but with metal salt addition, the log corrosion 
weight loss was linearly related to the potential. 

The ability for various metals to resist hydrofluoric acid attack 
was determined in order to arrive at potential coating systems for steel 
or alternate membrane materials. Steel was rapidly attacked in uninhibited 
0.59 N hydrofluoric acid. The metals: steel, antimony, 321 stainless 
steel, tin, lead, nickel, and magnesium are in the order of increasing re- 
sistance to acid dissolution. 

Corrosion Inhibitors in the actual corrosive agent of the binary pro- 
jectile were relatively ineffective for reducing corrosion rates of steel, 
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This study was performed to determine whether a correlation could be 
established between the stress corrosion resistance of wrought 7039-T6 
aluminum armor plates and other alloy characteristics such as ballistic 
performance, yield strength, and electrical conductivity. A survey and 
statistical analysis were conducted on acceptance test data available for 
about 500 preproduction lots of 7039-T6 plates. 
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20  Abstract  (cont'd) 

In addition, 7039 aluminum plates were heat treated to provide 
several selected strength levels outside the MIL-A-46063 specification 
range to determine whether a correlation could be found over a wider 
range of properties than that covered by the specification. 

The results of the work indicate that: 

1. No linear correlation could be found between the SCC resistance 
of 7039-T6 alloy plates and other characteristics i.e. yield strength, 
ballistic performance, and electrical conductivity. 

2. No significant distinction could be made between the yield 
strength or ballistic performance of 7039-T6 material that passed the 
standard SCC test and the corresponding property of material that failed 
ehe test. 

Recommendations are given for future work on other weldable aluminum 
alloys in which correlations might possibly exist. 
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The concept of  employing a non-stabilized gimbal for mounting a 
laser rangefinder on an AH-10 helicopter was evaluated using existing 
hardware.     The overall results indicate  that  this  technique produced 
slant range errors of approximately 7% over  the altitudes tested  (300, 
500,   1000,   and   1500 feet).     The evaluation showed  the range error  to  in- 
crease significantly as operational altitude decreased.     This is due 
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to angular pointing errors  translating  into large  slant  range errors 
when small grazing angles are incurred.     Range errors approaching 15% 
were projected with  this system at  50-100 foot  altitudes.     It was also 
determined  that  the use of  first pulse return logic generally pro- 
duced  smaller range errors than last pulse logic.     In addition,  a 
reduction in operational airspeed resulted in a slight decline in the 
range error. 

In summary,   utilization of a non-stabilized  gimballed laser range- 
finder configuration by the copilot/gunner for helicopter fire control 
systems was only marginally effective at lower altitudes.    The need 
for  stabilization of   the pointing system is  indicated particularly 
under nap-of-the-earth  (NOE)  conditions.     The addition of a stabiliza- 
tion capability will  aid laser pointing while  simultaneously allowing 
use of magnification  to improve target detection,   recognition and 
identification ranges. 
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This report deals with the problem of measuring the rotation of a projectile 
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Twenty millimeter projectiles were magnetized and fired parallel to a ]? 
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20. ABSTRACT (contM) 

the spin (f«l/T). Different barrels were used to obtain data over a wide 
range of twists.  It was found that this system provided a reliable and 
"production line" method for the measurement of spin rate. 
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20. ABSTRACT (continued) 

assumed, corresponding to present requirements for the Future Rifle 
System. The range-dependent errors due to velocity variations are treated 
as perturbations of the ballistic error. The nose-tap (NT) procedure 
of chambering cartridges is compared to the standard base-tap (BT) 
procedure by assuming that zero bias is applicable to the BT procedure 
and that the NT procedure introduces a finite bias. Calculations 
are conducted with assumptions which tend to maximize the influence of 
the velocity variation, and the limiting case of zero aiming error is 
also treated. The changes in hit probability due to the statistical 
velocity variations corresponding to the BT and NT air space positions 
are shown to bt insignificant for these two standard cartridges. 
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PGU-I2/B.    The cartridge utilizes the Standard Caliber   .38, M41 case.    The 
bullet, however,   is seated deeper  into the case.    The body of the case is 
rolled into the cannelure of the bullet, and a slower burning propellant 
is used.    The PGU-12/B cartridge is loaded to a velocity of  1125 ft/sec 

measured 15 feet from a test barrel. 
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its ability to produce intelligent sigqals and generate sufficient usable 
energy during projectile muzzle exit, so that this device may be employed 
with the second environment locking system of the safing and arming 
mechanism for the XM-712 Cannon Launched Guided Projectile. The magnetic 

j  device   involves  the  interaction of a permanent magnet  fitted with a 
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20.    ABSTRACT - Cont'd 

suitable pick-up coil and embedded  In the projectile  surface with  in- 
duced magnetic poles occurring in  the barrel wall.    The flux change 
produced on barrel exit  yields electrical energy which is  stored on a 
capacitor.    Optimization techniques  are applied to magnetic materials 
choice,  the magnetic circuit  configuration,  and methods  for  storing 
energy.     Such techniques are  particularly important  in satisfying  the 
constraints of sinall size and  large air gaps where proportional  scaling 
of previously developed,  relatively  Inefficient devices  is  inadequate 
to satisfy energy requirements.    An analysis has been made,  based on the 
theory of magnetic  images,   to obtain the flux change  produced on barrel 
exit.     This analysis has  led to a basis for the selection of device 
configurations  and materials which maximizes  the output energy as   a 
fraction of the  total energy  stored  in the magnetic  field.     Dynamic 
tests  simulating barrel exit  have confirmed for the optimum designs a 
reasonable device efficiency;   that  is, acceptable output energy  per unit 
volume of the magnetic  structure.     Design considerations  Involved  in 
further improvement are discussed,   particularly  the advantage of  rare 
earth magnets  in reducing size and  increasing performance.     To  illustrate 
the  principles  involved  in magnetic  circuit optimization,   permeance  flux 
calculations are given  for  several magnet configurations;   and computer 
circuit programs are used to determine optimum component values  for 
energy storage capacitors as  a function of muzzle velocity. 
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20.  ABSTRACT - (cont'd) 

The large number of variables and the complexity of modeling interio 
ballistic performance as a function of propellant position make theoretical 
interior-ballistic analysis exceedingly difficult. Therefore, the inves- 
tigative method was more experimental.  The various factors that could 
contribute to such a malfunL*-ion were predicted on the basis of field 
malfunctions, related practical experience in ammunition design and 
performance, and established principles of interior ballistics. These 
predictions were verified experimentally. 

From this study it was concluded that of all the possible factors 
that could contribute to a bullet-ln-bore, the large amount of air space 
is the most significant. Large variations in cartridge performance are 
possible with different positions of propellant within this air space. 
It was shown that a low bullet extraction force could also significantly 
contribute to such a malfunction. 

Based on these findings, it was recommended that the cartridge be 
made less susceptible to these mrilfunctions by reducing the amount of air 
space and Increasing the controlling the bullet extraction force.  Possi- 
ble design changes for accomplishing this are discuosed in the COHCLUSTON! 

at the end of this report. 
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weiRhr   losses in the abrascr tosts also yield scratchrs of greater width 
in  rhf scralrh-hnrdnosf;  test. 
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A thermal analysis study was made of tetracene using differential 
scanning calorlmetry (DSC).    The effect of different scan speeds was 
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20. ABSTRACT:  (continued) 

minute and at 148° and 150 C at a acan speed of 10oC per minute). When 
tetracene was heated at a scan speed of 80oC per minute only one large 
sharp exothermic peak was produced,  it Is believed the two peaks 
obtained at scan speeds of 0.62^ to 10oC per minute represent decomposi- 
tion of the tetracene In two succespive stages, the first of which Is 
probably decomposition Into a liquid product (and nitrogen).  The deduc- 
tion that a liquid product la produced follows from the fact that a 
distinct apparent melting point occurs about 0.5 C before the explosion 
point when tetracene is tested In the Vanderkamp melting point apparatus 
as described in the Government specif Icatlon for tetracene (M1L-T--A6938A). 
A stability test for tetracene Is proposed that Involves heating of the 
tetracene in aluminum pans from the DSC apparatus in ovens at 100 , 75 , 
and 60oC, removing the pans and samples at intervals of 30 minutes, 24 
hours, and 7 days (respectively), subjecting the samples to DSC at 1.25 C 
per rcinute, and noting the time Interval in the oven that produces a DSC 
curve that shows obliteration of the second peak.  Two lots of tetracene 
made by different processes showed marked differences In stability 
characteristics. 
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was significantly  soluble.     These solvents were sulfurlc acid,  perchloric 
acid,   nitric acid,  glycerin,  dimethylsulfox.de, ammonium hydroxide,  morpho- 
line,   pipcridine,   tricthanolamlne,  and N,N-dlmethylfcrma-jiide.    The first 
five of  these solvents gave orange solutions while the last  four gave amber 

(continued) 
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20.    ABSTRACT:     (continued) 

or other dnrk-colored solutions; however,  the colors of all the solutions 
after aliquoting and dllutlnf prior to thr spectral measurements were 
yellowish.    The study in the ultraviolet region was limited by the rela- 
tively high cut-off points of some of the solvents.    The molar absorptlvi- 
tles of the peaks were calculated.    A somewhat arbitrary grouping of the 
peaks according to location showed  that peaks occurred for Tacot in all 
solvents at A50  to 506 nm except for piper Id Ine which showed a rising slope 
and significant absorption in this region.    Sulfuric acid showed a strong 
peak at A16 nm.     Sulfuric acid, morphollnc, and piperidine showed peaks in 
the area of  395 to A03 nm (peaks did not occur in this region in the other 
solvents).    A peak occurred at 318 to 350 nm for all the solvents except 
nitric acid and piperidine (which were not useable In this range).    A peak 
occurred at 248  to 281 nm in sulfuric acid,  perchloric acid, and ammonium 
hydroxide (the only solvents useable in this range).    The solvents that 
originally gave orange solutions were inclined to give sharper peaks, while 
the solutions that originally gave amber and other dark-colored solutions 
were frequently  inclined to give shoulders and plateaus.    The colors ob- 
tained from the orange solutions tended to be more stable.    The extraor- 
dinary effect of the solvent on the spectrum of Tacot is probably related 
to the tendency of Tacot to form complexes with the solvent.    Experiments 
Indicated that Tacot could be determined quantitatively by measurement of 
the color In sulfuric acid, perchloric acid,  nitric acid, and dimethyl- 
sal foxlde at 416,  486,  487, and 506 nm,  respectively.    The method could not 
be applied to  the determination of Tacot in primers because of  the diffi- 
culty of completely extracting the Tacot from the primers and also because 
the other Ingredients of primers Interfered with the color. 
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20.    ABSTRACT   (cont'd) 

required to conduct the fire-on-armlng  (FOA)  ballistic tests of the 
complete, S&A mechanism. 

Results from all phases of the component  testing Indicated the necessity 
of only mluor design revisions to satisfy operablllty,   reliability,  and 
structural design goals  and requirements.     While  the FOA ballistic  tests 
were not as  successful  as  the laboratory and environmental  tests   (  4 out 
of 1A armed),  causes of all duds were accounted for and the failure modes 
can be eliminated by better assembly and inspection techniques and diff- 
erent material choices both of which are being Implemented in the FY75 
program. 
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20.    ABSTRACT  (Cont'd) 

yields the static and dynamic aeroballlstlc Btability coefficients on 
various flechette designs.    The theory and analysis program has presented 
the effects of  the initial  launching conditions,   the various stability 
coefficients and asymmetries and' has provided accuracy criteria.    Lastly, 
the  flechette firing range program provided a correlation between theory 
and experiment which clearly suggests that high accuracy and  low dispersioi 
in flechettes  is possible when optimum aerodynamic design is coupled with 
good saboting and minimization of blast. 
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In connection with a nitrocellulose recovery process  that involves 
extraction of  the "solvent-extractable" materials from scrap nitrocella- 
lose-base propellant,   it was necessary to develop a method for determining 
residual methylene chloride in the extracted propellant.    A method is pro- 
posed for this determination whereby the methylene chloride is extracted 
with benzene and is determined by gas chromatography using a Silicone 
Rubber UC W98 column at 50oC and toluene as an internal standard.    About 
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15% of  the methylene chloride  Is  lost In the Soxhlet  extraction due to 
volatilization,   so it  is necessary to divide by the empirical factor 
0.85 in calculating the result.    The method was checked with actual and 
synthetic samples. 
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20.     ABSTRACT:     (continued) 

chloric acid,  2 ml of sulfurlc acid Is added, the solution 1H evaporated 
to  few ml,  hydrobromlc acid Is added to volatilize the antimony and tin, 
and  the solution is evaporated to fumes of sulfurlc acid.    The bismuth is 
then determined by the iodide color after adding a composite potassium 
iodide-sodium hypophosphlte reagent. 
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A method  is proposed for the determination of barium and strontium 
peroxides   (active oxygen)  in igniters  in small arms ammunition.     The 
sample  is  treated with dilute hydrochloric acid  (1  to 9) whinh dissolves 
the magnesium powder almost instantaneously and then dissolves  U.e barium 
or strontium peroxides within 10 to  30 minutes.    The solution  is then 
filtered  to remove the organic substances  (calcium resinate, Parlon,  tolul 
dine red toner, and zinc stearate)  and the peroxide is determined by the 
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titanium peroxide color.  It tp'oars that Igniter mixes and igniters 
used In small arms tracer ammunition deierlorate with storage. 
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