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’ ABSTRACT '
fhis 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 thrcugh February 1976.
It is the intent of the library to issue this index

at least gearly.{
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REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM °
2. GOVT ACCRASSION NOJ] 3. RECIPIENT'S CATALOO NUMBER

. REPORT NUMBER

FA-TA-74029

§. TYPE OF REPORT & PERIOD COVERED

4. TITLE (and Subtitle)
Technical Research Article

PREPARATION AND HOMOPOLYMERIZATION OF METHYL
a=-n-ALKYLACRYLATES
6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(®) §. CONTRACT OR GRANT NUMBER(s)

HENRY GISSER and HELEN £, MERTWOY

0. PROGRAM ILIM!NT.PROJICT . TASK

$. PERFORMING ORGANIZATION NAME AND ADDRESS

AREA & WORK UIT NUMBE
FRANKFORD ARSENAL AMCMS: 692000.11, H6900
Attn: SARFA-PDC , DA Proj: 1T662611AH69

Philadelphia, PA 19137

12. REPORT DATE

Fort Belvoir November 1974
13. NURBDER OF PAGES

11

11, COUNTROLLING OFFICE NAME AND ADDRIESS

T4, MONITORING AGENCY NAML & ADDRESS(I! ditlerent from Controlling Olfice) 18. SECURITY CLASS. (of (hle report)

UNCLASSIFIED
18a. ?g.t‘:kmn!ncnlon/oownonAomo

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

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

18. SUPPLEMENTARY NOTES

Reprinted from MACROMOLECULES, Vol. 7, Page 431, July-August

Copyright 1974
by the American Chemical Society

19. KEY WORDS (Continue on reverse side il necessary and identity by block number) L
Methyl a-n-alkylacrylates a-n-Alkylacrylic esters
Poly(methyl a-n-alkylacrylates) Poly(a-n-alkylacrylic esters)

20. ABSTRACT (Continue on reverse alde If necesrary and identify by block number) The homopolymerizat ion Of

methyl o-n-alkylacrylates with long alkyl groups was studied. Methyl o-
n-dodecyl-, methyl o-n-hexadecyl-, and methyl a-n-octadecylacrylate were
prepared from the appropriate alkylmalonic monomethyl esters via a Mannich-
type reaction which yilelded 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 M, of 15,000 (80% yield) was
obtained for poly(methyl a-n-dodecylacrylate), and after 8 days at room
temperature a Mp of 7083 (70% yield) was obtained for poly(methyl @-n-hexa-
decylacrylate) . Emulsion polymerizations of the methyl ®-n-dodecylacrylate
and methyl @-n-octadecylacrylate with ammonium persulfate and sodium bisul-
fite ylelded traces of oligomers. Poly(methyl o~n-dodecylacrylate) is a
clear, colorless, sticky, rubbery polymer. 1Its X-ray diffraction pattern
shows 1t to be amorphous at room temperature. The poly(methyl a~n-hexa-
decylacrylate) and poly(methyl o-n-octadecylacrylate) are white waxes which,
when heated, resemble the poly(methyl @-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

ketones.

This research has produced the first poly(methyl o-n-alkylacrylates)
with alkyl 5CpH,5. Such polymers, because of their friction and wear
reducing charactéristics, are potentially useful as additives for Army

fluids and lubricants.
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REPORT DOCUMENTATION PAGE Bargigbcmgsg%gur'ou
2. GOVT ACCESSION NGO 3. RECIPIENT'S CATALOG NUMBER

. REPORT NUMBER

FA-TA-75047
4. TITLE (and Subtitle) 8. TYPE OF REPORT & PERIOD COVERED
HYDROCEN BONDING IN NITROCFELLULOSE AND ITS Technical Engineering
IMPILICATIONS ON DETERRING OF SMALL ARMS Abstract

PROPELLANT 6. PERFORMING ORG. REPOAT NUMBER
7. AUTHOR(®) 8. CONTRACT OR GRANT NUMBER(e)
B.W. Brodman

M.P. Devine

M.T. Gurbarg .
3. PERFORMING ORGANIZATION NAME AND ADDRESS 0. ::22r;A:oz.LKcsmf.ﬂ:‘o.J.t&f. TAK
FRANKFORD ARSENAL AMCMS: 611102.11.857

Attn: SARFA-MDP-R DA: 1T161102A32C03
Philadelphia, PA 19137

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

July 1975
Picatinny Arsenal 13. NURBER OF PAGES
9
. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Otlice) 18, SECURITY CLASS. (of this repert)
UNCLASSIFIED
18a. DECLASSIFICATION/ DOWNGRADING
N/A

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

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

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide i/ necessary and identily by block number)
Propellant Manufacture Small Arms Deterrents
Small Arms Propellant Hydrogen Bonding
Propellant Combustion

20. ABSTRACT (Coantinue an reverse side if neceesary and identity 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 shcwed 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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REPORT DOCUMENTATION PAGE pErEAD INSTRUCTIONS
T, REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
FA-TA-75048

8. TYPE OF REPORT & PERIOD COVERED

4. TITLE (and Subtitle)
AUTORADIOGRAPHIC DETERMINATION OF THE Technical Engineering
ct

Di-n-butyl PHTHALATE CONCENTRATION PROFILE ﬁé}g&gﬁm_ eI
IN A NICROCELLULOSE MATRIX

8. CONTRACT OR GRANT NUMBER(a)

B o dman
M.P, Devine
R.W. Finch ) 0lin Corporation, Chemicals
M.S. MacClaren ) Group, New Haven, CT 06504
. L] 1]
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 :aggl.Aaol.LKlﬁzl T“PURHO'J.I.C‘T TASK
i?ﬁNKFO;‘fR;‘:Sg;‘LR AMCMS: 611102.11.857
gt = DA:  1T161102A32C03
Philadelphia, PA 19137
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
July 1975
Picatinny Arsenal 13. nunu;gr PAGES
. MONITORING AGENCY » AME & ADDRESS(!! different from Controlling Otfice) 15. SECURITY CLASS. (of this repert)
UNCLASSIFIED
182 DECL ASSIFICATION/OOWNGRADING
SCHEDULE
N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetrac! entered In Blook 20, i{ different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide il necescary and Identity by block number)
Propellant Manufacture Small Arms Deterrents
Small Arms Propellant Hydrogen Bonding
Propellant Combustion

20, ABSTRACT (Continue on reverse side if necessary and identify by block nw . ~r)
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 ur-
esterified hydroxyl groups in nitrocellulose.
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REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORYT NUMBER

2. GOVY ACCESSION No1 ). RECIPIENT'S CATALOG NUMBER
FA-TA-75051

4. TITLE (and Subtitle) 8. TYPE OF REPORT & PERIOD COVENRRD

THE EFFECT OF INGOT PROCESSING TREATMENTS ON

THE GRAIN SIZE AND PROPERTIES OF AL ALLOY 7075
8. PERFORMING ORG. REPORT NUMBER

3. CONTRACT OR ORANT NUI"E')

7. AUTHOR(s)
J. WALDMAN

H. SULINSKI

H. MARKUS

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggn:goznl.‘lsg' T."Pua“o..!.lua‘l’ , TASK

Frankford Arsenal
ATTN: SARFA-PDM
Philadelphia, PA 19137

pMCMS:  612105.11.H8400
DA PROJ: 1T162105AH84

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Materials & Mech: aics Research Center August 1975

Watertown, MA 02172 15. NUMBER OF PAGES
17

T3. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) | 18. SECURITY CL ASS. (of thie repert)

UNCLASSIFIED

T8a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE N / A

16. DISTRIBUTION STATEMENT (2f this Peport)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, ! different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identity by block number)

Aluminum Alloys Grain Size

Thermal Mechanical Treatments Mechanical Properties
Recrystallization

Microstructure

30. ABSTRACT (Continue on reverse side if necessary and Identify by block number)

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- é
; sented which show that fine grained 7075 sheet and plate have equivalent 4

; strength and significantly better ductility than conventionally processed
E | material.

A
i

4

. 0
K . %8
k| 4
a &
X b
;. b
ks 2
B g

|
B
5 i
% b
i
i i
- 7
E ;
" b
] 4
i 4
: -
p
2 P
i .
!
g S
i 3
o
; 2
| 3
) i3
.5 ‘-
v i
4 2
3
i 4
R
3 £
T ’.;.’
i E
4 e
e ‘B
X a
s A
3 A
a2 A
k. 4
3 A
¥

| ;
:: 4
vf
¥ o
"i X
3 2
$ . 3

UNCLASSIFIED

64 SECURITY CLASSIFICATION OF THIS PAGE(When Data Lutersd)




UNCLASSIFIED 12 March 1976 FAP 310-5
SECURITY CLASSIFICATION OF TKIS PAGE (When Data Entered)
READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

. REPORT NUMBER

FA-TA-75052
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

THERMOMECHANICAL PROCESSING OF ALUMINUM ALLOY Technical research article
INGOTS 6. PERFORMING ORG. REPORY NUNBER

9. CONTRACT OR GRANT NUMBEN(s)

7. AUTHOR(®)

J. WALDMAN

H. SULINSKI

H. MARKUS
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gg‘A&OENLKESEINTT.NPURMO.JIIRCJ' TAMK
Frankford Arsenal AMCMS: 612105.11.H8400
AFRDNLT | SAREASRDA DA PROJ.: 1T162105AH84

Philadelphia, PA 19137
11. CONTROLLING OFFICE NAME AND ADDRESS
August 1975

US Army Materials & Mechanics Research Center
13. NURMBER OF PAGES

Watertown, MA 02172 3
18, SECURITY CLASS. (of this report)
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T8a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE N/A

12. REPORT DATE

4. MONITORING AGENCY NAME & ADDRESS(/f ditferent from Controlling Office)

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17 DiISTRIBUTION STATEMENT (of the abstract entered in Slock 20, If different from Report)

18. SUPPLEMENTARY NOTES
Presented at Twenty-First Sagamore Army Materials Research Conference,
Sagamore, NY, 13-16 August 1974,

19. KEY WORDS (Continue on reverss alde il necessary and {dentily by block number)

Aluminum Alloys Mechanical Properties
Thermal Mechanical Treatments Fracture Toughness
Recrystallizatiun Stress Corrosion

Microstructure

20. AUSTRACT (Continue an reverse aide i neceseary and identify by block number) The Materials Engineering
Division at Frankford Arsenal is involved in an extensive research o2fforf
aimed at upgradin%lthe engineering properties of wrought high strength 7000;

i

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
properiies, fracture toughness and stress corrosion resistance of high
purity 7075 alloy sheet and plate is presented. The recrystallization of
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20. ABSTRACT (Cont'd)

7075 alloy into a fine grained material was found to be controlled by the
istribution of the major alloying elements, Zn, Mg and Cu, as well as by
hat of the ancillary element, Cr. The results showed that for a given
tandard temper, i.e., T6, T76 and T73, high purity ITMT processed 7075 allo:
as 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 higber strength, ductility and fracture

toughness than commercial 7075-Té6 alloy.
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4 TITLE (end Subtitle) , S. TYPE OF REPORT A PERIOD COVERED
: DIFFUSION OF DETERRENTS INTO A NITROCELLULOSE '
MATRIX. AN EXAMPLE OF DIFFUSION WITH INTER- ({lechnical research article
ACTION [6. PERFORMING ORG. REPORT NUNBER

7. AUTHOR(s) 8. CONTRACY OR GAANY NUMBER(s)

t
B. W. Brodman !
J. A. Sipia, Jr. j
S. Schwartz :

—

10. PROGRAM EL!MID# » PROJECT, TAIK

o 9. PERFORMING ORGANIZATION NAME ANMD ADDRESS ARES S WORK UNIT NUMBERS
Frankford Arsenal AMCMS CODE: 4110.16.0217.6
; ATTN: SARFA-MDP-R DA PROJECT: N/A
1 _PA__19132 :
; 11. CONTROLLING OF FICE NAME AND AODRESS lez. REPCRT DATH
August 1975
ARMCOM 713, NUMBER OF PAGES
. 9
'TT WONTTORING AGENCY NAME & ADORESS(I/ dillesent from Coniroliing Ollice) | 18. SECLRITY CLASS. (of thls repori)
| UNCLASSIFIED
[Tos. DECL ASSIFICATION] OGWNORADING
J SCHEDULE N/A

16. OISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (ol the ebetract antered in Block 20, Il ditferent froen Report)

18 SUPPLEMENTARY NOTES

19. XEY WORDS (Continue on reverse aide I necessasy and identity by block number)

Small Arms Propellant Di-n-Butyl Phthalate
Deterrents Diffusion

Deterring Interaction Mechanism
Nitrocellulose Hydrogen Bonding

20. ABSTRACT (Continue an reverse side If neceseary and Identity by block number)
The diffusion of various concentrations of a deterrent (di-n-butyl phthalate)
into a spherical, nitroglycerin-containing nitrocellulose matrix was studiedl
It was concluded that the final concentration profile could best be ex- 2
plained by a diffusion with interaction mechanism. Based on this mechanism, ‘
a method for calculating the depth of deterrent penetration is presented.
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. HEPORYT NUMOER 2. GOVTY ACCESSION NOJ 3. RECIPIENT'S CATALQG NUMBER

FA-TA-75063

4. TITLE (and Subtitie)

S. YYPE OF REPORT & PERIOD COVERED

THE DETERMINATION OF NORMAL ANISOTROPY FROM
Technical research article

POLE FIGURES
6. PERFORMING ORG. REPORT NUMBER

8. CONTRACY OR GRANT NUN'E;‘.;

7. AUTHOR(s)

Fred Witt
A. Lawley - Drexel University

9. PERFORMING ORGANIZATION NAME AND ADORESS

10. PROGRAM ELEMENT, PROJECT, TASK
|
AREA & WORK UNIT NUMBERS

Prankiord paTdens ] {AMCMS: 675709.12.03900
gt e Sl 'DA Proj: 1¥765709D650
Philadelphia, PA 19137 , roj:

. V2. REPORT DATE
i

ARMCOM L August 1975
13. NUMBER OF PAGES

10

11 CONTROLLING OFFICE NAME AND ADDRESS

T4 MONITORING AGENCY NAME & ADDRESS(!/ dillerent from Controlling Ollice) ' t18. SECURITY CLASS. (of this repurt)

| UNCLASSIFIED
LETS t’)g:‘:é.aﬁt{lc ATION/DOWNGRADING
N/A
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16. DISTRIBUTION STATEMENT (of thie Report)

Approved for Hublic release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, If ditterent {10ty Report)

18 SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)
Pole figures

Automated x-ray analysis
Texture

Preferred orientation
Drawability index
Formability index

20. ABSTRACT (Continue on rever: lde If necessary end ldentify by block number)

The in situ deterrination of normal anisotropy from quantitative {220}
pole figures of a-brass has been accomplished using an approach patterned
after the analysis of Elias et al. Brasses examined were prepared specifi-
cally so that the only material parameter varied was normal anisotropy, and
hence crystallographic texture. It is shown that for average normal plastiq
anisotropy g over the range of 0.84 to 1.12, which is a significant range for
cubic materials, values derived from pole figures and those obtained from
the tensile test are in good agreement. The method is attractive in light
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i . PURFCRMING ORG, REPORT NUMBER
T AUTHOR(®) §. CONTRACT OR GRANT NUMBER(S)
3 David E. Schillinger

g
X 9. PERFORMING ORGANIZATION NAME AND ADODRESS 10. PROGRAM ELEMENT PROJECT, TASK
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6. DISTRIBUTION STATEMENT (of *his Report)

Approved for public release; distribution unlimited.
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bt 17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, If different frem Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on roverse aide if naceasary and ldentify by block number)

Rotating Bands
Projectiles
Small Arms

20. ABSTRACT (Continue on reverse side if 1.c~essary and Identify by block number)

The purpose of this vork was to determine the feasibility of a new
idea for applying rotating bands to projectiles. The idea is the in-situ
fusion of the rotating band material in a graphite crucible fitted around
the projectile. Various heating and shielding methods were explored. It

’ was found that several materials could be successfully deposited using in-

duction or furnace heating in an Argon atmosphere. Metallographic studies
(cont.)
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M16 weapon is presented. Results defining the lovering of extraction
force in terms of six materials and design factors are stated. It is
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undergoing expansion through a sonic nozzle. Through the use of the
"Iagrange approximation, ' these equations are coupled to describe the

flow through the barrel and gas port.

In Part Il an analysis is made of the experimental data obtained in
the gas tube and bolt cavity of the M16A1 rifle. Numerical techniques
are developed for using the method of characteristics to simulate the
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! Subsequent redesign utilizing a simple friction loss math model and
a computer program to analyze the cscapement mesh resulted in a de-
; sign which operated significantly smoother and started more readily.
] Roth laboratory and ballistic tests verified that this new version met
g all timing and functioning requirements with a high degrce of accuracy
b and reliability. [t is anticipated that production of tht: new design in
mass quantities will result in increased production yicld and improved

performance with no increase in cost.
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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 @ 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.

sy

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

DD . 5% 1473  Eoimion oF 1 nov 68 is oBsOLETE

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Eniarec)




UNCLASSIFIED

12 March 1976 FAP 310-5

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

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.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




i o ¥ e

2l I B RAINOR Tt L 1 ol A T B 2y e B sihousayin e T 3 SO LA T by 23 0 et o e o o , T i ¥
’ - & - ¥ . 4 3 . a3

o

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)

A kel L

UNCLASSIFIED 12 March 1976 FAP 310-5

REPORT DOCUMENTATION PAGE b L R

. AEPORT NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER

FA-TR-75024

S$. TYPE OF REPORT & PERIOD COVERED

4. TITLE (and Subtitle)
LASER RANGEFINDING TECHNIQUES FOR HELICOPTER Final Test Report
1973 - Qct, 1974

FIRE CONTROL APPLICATIONS Oct.
Phase I - Hardmounted Laser Concept . PERFORMING ORG. REPORT NUMBER

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

Albert C. Cappiella

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

9. PERFO (MING ORGANIZATION NAME AND ADDRESS
Fire Control Development & Engineering Dir. Prog. Ele. 63206A
Frankford Arsenal, ATTN FCW-W Proj. No. 1F263206D043

Philadelphia, Penna., 19137 Task Area 03, UWark Unit #00]
12.

11. CONTROLLING OFFICE NAME AND ADDRESS I REPORT DATE

U. S. Army Armament Command January 1975
1. NUﬂD!;gF PAGES

Rock Island, I'. 61201

T& MONITORING AGENCY NAME & ADORESS(if different froe Controlling Olfice) )} V8. SECURITY CLASS. (of thie report)

! Unclassified
152, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release - Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, Il different froty Report)

19, KEY WORDS (Continue on reveras side if necessary and identily by block number)

18. SUPPLEMENTARY NOTES

Lasers
Rangefinders

Fire Controi for Helicopters
Hardmounted Configuration

20. ABSTRACT (Continue on reverse slde if necessary and Identify by block number)
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. . . .

DD |';2:“n 1473 eoimion oF 1 nOV 6815 OBSOLETE

36 SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterec)

iy Nl it 8eiti TN
1

F6




LGS 12 March 1976 FAP 310-5
SECURITY CLASSIFICATION OF THIS PAGE(Whan Dats Entered)

i This was due to small angular pointing errors translating into large

4 horizontal miss distances when small grazing angles are incurred. Range
- errors of 20-257 were projected at 50-100 ft. altitudes. It was also

b determined that last pulse return logic produced smaller range errors than

first pulse return logic.

E 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.
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20. ABSTRACT (Cont'd)

for pitting ccrrosion. The addition of inhibitor to hydrofluoric acid
solution resulted in an increase in the corrosion poten:ial of steel in-
dicative of predominant inhibition of the anodic reactiou; 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

about 500 preproduction lots of 7039-T6 plates.
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established between the stress corrosion resistance of wrought 7039-T6
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statistical analysis were conducted on acceptance test data available for
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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-T6é alloy plates and other characteristics i.e. yield strength,
i 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
the 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-1G helicopter was evaluated using existing
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crease significantly as operational altitude decreased. This 1is due

T A T e

(continued on next page) ?
DD "™ 7 EDITION OF 1 NOV 68 (8 ‘i
v s MT3 o UNCLASSIFIED 3

SECURITY CLASSIFICATION OF INIS PAGE (When Data Bnterss)

E |
3




e s

TR e

b

e

R el inharak b e L L et el i L K ik s L
. w . ¢ (el

i A b o il

UNCLASSIFIED P AP 310-5

SECURITY CLASSIFICATION OF THIS PAGE(When Data Batered)

to angular pointing errors translating into large slant range errors
when small grazing angles are incurred. Range errors approaching 157
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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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 be insignificant for these two standard cartridges.
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Q?: its ability to produce inteliigent signals 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 Carnnon Launched Guided Projectile. The magnetic
i device involves the interaction of a permanent magnet fitted with a
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18. SUPPLEMENTARY NOTES - Cont'd

computer simulation studies were funded in part by AMCMS Code
672721.11.24923, DA Project 1E76271A090 entitled Computer Aided Design

and Engineering (CAD-E).

The authors wish to acknowledge the valuable contributions made by
the followiag personnel: John P. Hunt for engineering consulting
services, fabricatior and assembly of nearly all models and for the high
velocity air gun mu~zie exit simulation tests, Robert Shaffer for
engineering consulting services, Warren Fogg and Donald Ford for - heir
technical assistance in developing the muzzle exit simulator, and techni-
cel comments by William Boghosian, Howard Jenkinson and Robert Esposito.

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 small 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 1s, acceptable output energy per unit‘
volume of the magnetic structure. Design consideraticns 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 |
caiculations are given for several magnet configurations; and computer |
circuit programs are used to determine optimum component values for
energy storage capacitors as a fuaction of muzzle velocity.
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A considerable number of malfunctions cccur in the Military Caliber .38
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20. ABSTRACT - (cont'd) B

The large number of variables and the complexity of modeling interior]
ballistic performance as a function of propellant position make theoretica
interior-ballistic analysis exceedingly difficult. Therefore, the inves-
tigative method was more experimental. The various factors that could
contribute to such a malfunction 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-in-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 z malfunction.

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

at the end of this report.

11

UNCLASSIFIED
SUCJRITY CLASSIFICATION OF THIS PAGE(When Dats Entere.))

44A




)

LAE R iy

CEaey

P S

ot Dl g™y s e Mg . . 4 r " al o A 7 W

-~ o~ v;t';.umrv CLASSIFICATION OF TH1S PAGE (Whan Data Entered)

Beome e w b w L e R

12 March 1976 FAP 310-5

REPORT DQCUMENTATION PAGE S L AL L e .

1. REPORT NUMBER 2, GOVT ACLESSION NO| 3. RECIPIENT’S CATALOG NUMEBER

FA-TR-75076

+ TITLE (and Subtitis) EXPERIMENTAL STUDIES AIMED AT S. TYPE OF REPORT & PERIOD COVERED

PRODUCTNG EXTRUDED PROPELLANTS HAVING A BULK
DENSITY OF 0.93 GRAMS PER C.C. OR BETTER FOR

5.56MM AND 7.62MM U.S. AMMUNITION 6. PERFORMING ORG. REPORT NUMBER

8. CONTRACT OR GRANT NUMBER(a)

DAAA25-75-C0193

7. AUTHOR(s)

W. L. Phent

10. PROGRAM ELENENT PROJECY, TASK
AREA & WORK UNIT NUMBER"

PEMA F617014
PROJECTS F617004

9. PERFORMING ORGANIZATION NAME AND ADDRESS
Canadian Industries Ltd.
Explosives Division
Valleyficld, P. Q.

19. CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT QOATE

U.S. Army Armament Command June 1975

Rock Island Arsenal 13. NUMBER OF PAGES
Rock Island, IL 61202 ' 87

14. MONITORING AGENCY NAME & ADODHRESS(I! dillerent Irom Controlling Oltice) 15. SECURITY CLASS. (of this report)

FRANKFORD ARSENAL

PHILA., PA 19137 UNCLASSIFIED

1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thls Report) DlStrlbUth[l limited to U.s. Government
Agencies only - Test and Evaluation - June 20, 1975. Other requests
for this document must be referred to the Conmander, Frankford Arsenal,
ATTN: SARTA-MDP-R, Philadelphia, PA 19137

17. DISTRISUTION STATEMENT (of the abstract entered In Block 20, I difterent from Report)

18. SUPPLEMENTARY NOTES

Technical superviser of contract DAAA25-75-C0193 was Mr, Ludwig Stiefel,
MDP-R, Bldg. 64-3, Frankford Arsenal, Philadelphia, Pennsylvania 19137

19. KEY WORDS (Continue on roverse aide Il neceasary and identlly by block number)

Propellants
Extruded Propellants

Small Arms Ammunition
Amnmunition

Rifle Ammunition
Machine Gun Ammunition

20. ABSTRACT (Contlaue on raversa sida Il neceasary end ldentily by block numbar)

Modified double base grauular propellant- containing low level percentages®
of nitroglycerine have been manufacturrd and ballistically tested in 7.62mm
and 5.56mm ball ammunition. Both powders were completely in conformance
with specification requirements at all temperature levels., The propellants
were easily loadable in their respective cartridges. The 7.62mm propellant
met the 0.93 gms/cu. cm. minimum bulk density requirements of the Development

DD L R90%. 1473

i

EDITION GF T HOV 65 15 OBSOLETE L IREAT ABCTErER




Contract (CONTIRACT NO. DAAA25-75-C0193). The 5.56mm propellant was however
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20. ABSTRACT: (continued)

! minute and at 148° and 150°C at a scan speed of 10°C per minute). When
L tetracene was heated at a scan speed of 80°C per minute only one large
sharp exothermic peak was produced. It is believed the two peaks
obtained at scan speeds of 0.62% to 10°¢ per minute represent decomposi-
tion of the tetracene in two successive stages, the first of which is
probably decomposition into a liquid product (and nitrogen). The deduc-
tion that a liquid product is produced follows from the fact that a
distinct apparent melting point occurs about O. 5°C before the explosion
point when tetracene is tested in the Vanderkamp melting point apparatus
as described in the Government specification for tetracene (MIL-T-46938A).
A stability test for tetracene is proposed that involves heating of thg
tetracene in aluminum pans from the DSC apparatus in ovens at 1007, 757,
and 60°C, removing the pans and samples at intervals of 30 minutes, 24
o hours, and 7 days (respectively), subjecting the samples to DSC at 1. 25°¢C
E per minute, and noting the time interval in the oven that produces a DSC
curve that shows obliteration of the second peak. Two lots of tetracene
mcde by different processes showed marked differences in stability

characteristics.
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The ultraviolet and visible spectra of Tacot (tetranitrodibenzo-1,2a,4,
6a-tetraazapentalene) were determined in nine solvents in which the material
was significantly soluble. These solvents were sulfuric acid, perchloric
acid, nitric acid, glycerin, dimethylsulfox 'de, ammonium hydroxide, morpho-

ine, piperidine, triethanolamine, and N,N-dimethylfermawmide. The first
five of these solvents gave orange solutions while the last four gave amber
(continued)
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20. ABSTRACT: (continucd)

or other dark-colored solutions; however, the colors of all the solutions
after aliquoting and dilutiny prior to the spectral mecasurements 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 absorptivi-
ties of the peaks were calculated. A somewhat arbitrary grouping of the
peaks according to location showed that peaks occurred for Tacot in all
golvents at 450 to 506 nm except for piperidine which showed a rising slope
and significant absorption in this region. Sulfuric acid showed a strong
peak at 416 nm. Sulfuric acid, morpholine, and piperidine showed peaks in
the area of 395 to 403 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-

sulfoxide 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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ced Development Program of the Safing and Arming (S&A) Mechanism for the
XM712 Cannon Launched Guided Projectile (CLGP). Specifically, the details
and results of the bench, laboratory, environmental and ballistic testing
phases of the major 3&A mechanism components and the complete S&A mechanism
are disclosed. Also discussed are the test results of the auxiliary com-

ponents and sub-systems including a specially designed 155mm test projectil
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20. ABSTRACT (cont'd)

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

Results from all pliases of the component testing indicated the necessity
of only minor design revisions to satisfy operability, 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 14 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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| good saboting and minimization of blast.
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o TA-75062 P-3,870,526

! . TT~75038 pP-3,917,464
| TR-75025

1 Slivovsky, John

4 T74-5-1 Weinstock, Manuel

: P-3,885,452

3 Slook, Thomas H.

TN-1185 Wenocur, Brian D.
k| P-3,913,489
4 Stiefel, Ludwig

pP-3,897,733 Wick, Reyburn
P-3,904,732
Stowell, Nancy A.
TM-75010 witt, Fred

ki TA-75063

1 Stuebing, Edward W. TR-74046

: TM-75019 TR-75001

A
Sulinski, Harry V. Zalcmann, Albert

4 TA-75051 TR-75026
4 TA-75052
-1- Zaleski, Frank I.

Travor, Bruce W. p-3,888,636

1 P-3,868,854

i P-3,890,902 Zavada, John M.
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I R-3007 4
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. TA-75051 ,
3 TA-75052 1
Walker, Evan Harris
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SUBJECT INDEX

Adhesives - Bonding Armor plate, Aluminum alloy
TR-74014 TR-75026
! Aerosols - Optical properties Autoradiography
TM-75019 TA-75048
3 Aluminum alloys Ballistics, Exterior
héi T73-5-1 T74-5-1
' TA-75051 TN-74020
TA-75052
3 Ballistics, Interior
A Ammunition R-3006
p-3,861,308 R-3007
pP-3,872,615 R-3009
pP-3,890,730 T74-5-1
p-3,890,880 TR-75056
P-3,890,732
P-3,890,878 Bands, Rotating
P-3,913,445 TM-74035

e S e e

P-3,913,446
Barium peroxide

Ammunition, 30MM TT-75059
174-5-1
Bismuth
Ammunition - Heat treatment TT-75043
TR-74046
TR-75001 Bonding

P-3,888,295
Ammunition, Small arms

TM-75011 Booster, M125A1
TR-74043 TR-74045
TR-75046 A
TT-75059 Boron - Electrodeposition :
P-3,917,464 i
Ammunition - Tests ;
TR-74010 Brass 4
TR-75076 TM-75017 é
E Anisotropy Cartridge cases E
4 TA-75063 R=-3008 :
¢ | Arming devicer Cartridge cases, Aluminum alloy B
A TR-74045 P-3,924,534 i
3 TR-75050 3
;i TT-75004 62 , 3
- |
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SUBJECT INDEX

Cartridges, Ball
TR~75046

Cartridges, Small arms
P-3,897,733

Castings, Aluminum
TM-75033

Charges, Shaped - Liners
TR-74046
TR-75001

Coatings, Anodic
T73-5-1

Coatings, Chromium
T™-75017

Coatings, Protective
TR-75025

Cobalt - Electrodeposition
P-3,917,464

Copper
TT-75043

Copper - Electrodeposition
P-3,870,526

Copper-tin alloys - Electrodepo-
sition
p-3,870,526

Corrosion prevention
TR~75025

Corrosion, Stress
TR-75026

Delay mechanisms
TR~74045
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Differential scanning calorimetry

TT-74038

Diffusion
TA-75062

Errors
TR-75037

Escape systems, Aircraft
p-3,885,452
p-3,912,203

Firing device
p-3,919,918

Flares
p-3,861,307

Flechettes
R-3006
R-3007
TT-75005

Friction
TM-75017

Fuzes, Impact
T™~75054

Gages, Strain
TR-74010

Gas chromatography
TT-75038

Germanium
R-3020

Glazing
P-3,904,732
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SUBJECT INDEX

Gun, Automatic, 20MM, M39
TR-74004

Gun barrels - Erosion
TR-74004

Guns, Antiaircraft
TN-1185

Helicopters - Fire control
TR-75024
TR-75028
TR-75029
TR-75030

Impact - Tests
T™M-75054

Interior ballistics see
Ballistics, Interior

ITodide method
TT-75043

Lens systems, Objective
P-3,915,547

Lockplate
P-3,924,512

Metallurgy
TM~75033
TR-74046
TR-75001

Methylene chloride
TT-75038

Microprogramming
TR-75006

Miss - Distance
TN-1185
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Neodymium
TR-74034

Nylon
TM~75017

Optical systems, Infrared
R-3020

Periscopes, Plastic
TR-74014

Plastic periscopes see
Periscopes, Plastic

Polymerization
TA-74029

Polymers
P-3,929,684

Polymers - Research
TA-74029

Probability, Hit
TR-75037

Programming (Electronic

computers)
TN-74020

Projectiles
p-3,890,902
P-3,902,424
P-3,913,489
TM-74035

Projectiles - Muzzles
p-3,880,044

Projectiles - Penetration
TM-75011
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SUBJECT INDEX

Projectiles - Spin
TR-75031

Projectiles - Stresses
TM-75010

Projectiles - Trajectories

TN-1181
TN-74020

Propellants - Analysis
TT-75038

propellants = Combustion
TA-75047
TA-75048

Propellants, Double-base
TR-75076

Propellants - Extrusion
p-3,897,733

pPropellants - Manufacture
TA-75047
TA-75048

Propellants, Single-base
TR-74004

Propellants, Small arms
TA-75047
TA-75048
TA-75062

pyrotechnics
p-3,886,009
TR-74043

padar chronograph set, NM87

TR-74041
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Range finders, Laser
TR-74034

TR-75024

TR-75028

TR-75029

TR-75030

Recoil weapons
p-3,919,918

Recrystallization
TA-75051

Revolvers
TR-75056

Rifle, M16
TM-75011

Rifle, M16Al
R-3009

Rotating bands see
Bands, Rotating

safety devices
TR-74045
TR-75050
TT~-75004

Sampling
p-3,868,854

Sensors - Research
TR-75050
TT-75004

Shaped charges see
Charges, Shaped
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SUBJECT INDEX

Small arms Tungsten-Nickel-Iron alloy
R-3008 pP-3,888,636
T™-74035

Velocimeters

Solvents - Analysis TR-74041

TT-74039
Weapon systems

Spectra, Ultraviolet p-3,861,308
TT-74039 p-3,872,615

pP-3,890,730

Spectrophotometry p-3,890,880
TT-75043 P-3,890,732

p-3,890,878

Spreader, Mechanical pP~-3,913,445
pP-3,913,873 P-3,913,446

Statistical analysis wind tunnel tests
TR-75037 TT-75005

Stress analysis
TM-75010

Stress corrosion cracking see
Corrosion, Stress

Strontium peroxide
TT~7 5059

Tetracene
TT-74038

Thermal analysis
TR-74047
TT-74038

Tracers
TR-74043
TR-74047
TT-75059

66




L ik tl cr i~ Qs e, o TN B0
g it ot obias i i T UARES D TR g CEURMRE R L BT e

E 12 March 1976 FAP 310-5

(SARFA TSP-L)

FOR THE COMMANDER:

DONALD E. DIXON

CPT, AGC
Adjutant
Lr, st
Assistant Adjutant
DISTRIBUTION: s

SPECIAL




