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CORFISENTIAL

FORBWORD

The witimate military spplication of Tus devlopraent program, and the
present firing results, ars classified COLYIDENTIAL. . wy narrative which
includes specific design tndure.stion or a dsatled deserintion of the condept
ané {5 operation is slsc classified. Drawisis and pholcgraphs of the weapon,
»r of its cumponert parts, are in general s civssified uriess actompanted
%y = detailed word dencription of the concey: wmi fis operation.

The initial Jevelupment work, upon which the present phase has bullt, is
discussed in Report No. ATL-TDR-84-26, "Automstic Light Gas Gun Devel-
opment’ ‘.
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Werk has been. cortln\wi toward the development «f an automatic h .
velocity weapon based on fae principles and techuiquizs of the Iaboratory: ng!a‘c )
gas gun. With the basic.feasibility.of: the firing Scheniv estahlisbed by the
preceding work phase, effort wis aimedat advancing the mplementation of
the concept. Attention wxs devoted to those aspects. of & sngle-shot operation
which required improvement or-more thorough: investigaﬁon before («faunchet«
capable of rapid repeated fire could be constructed. Among {he areas of con-
alderation were firing cycle time studies, breech meachanism dssign, revision
of launcher dimensione for improved-veiscity capabnity. and studies of proh-
lem areas encountered in the previous work,

-~ 0~
\\

In most respects, good progress was made, Some signiffcant advarces
toward automatic repeated fire were achieved, However, design ideas und
implementation schemes are presently far in the lead of proven firing capa-
bilities. Some of the difficulties encountered in single-mhot operation have
not yet been eliminated, and these problera araas will zequire continued study
and successful resolution before repeated-fire operation can be attempted.

This vechnical documentary report has been reviewed and is appioved.

~

\’ 0. 4/.____7.‘-\”
LA { s ERES e

DAVID X, DEAN
Colonel, USAF
Chief, Weapons Divicion
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SECTIONI
INTRODUCTION

automatic light gas weapon‘ The work isa portim of a conﬁnumgsefiort -
ried out under contract with Dctachment 4, Reseaych and Teuhmlogy Divx-‘
sion, AFSC, Eglin AVB, Fla. Preliminary devélopment was conducted inder
Coniract AF‘08(635) 2799 and was described in Report No. AFL-TDR-$-25,
*Automatic Light Gas Gun Developmeat”. The present Contract is AF!)8(635)
4097,

The ultimate objactive of the program is development of a fully avtomatdic
weapon based upon ligat gus launching techniques. In the preceding phase,
a basic weagun coacept was established and its feasibility explored. 'The
work reported here has built upon this. Ths concept has been refined and
extended, and further progress has been made toward a final weapon.

Four separate but interrelated study arsas comprised the projact. Anal-
ysis, design, fabrication cf equipment and fire testing were included in vagy-
ing degrees among them.

a) Studies were conducted in certain areas unigue to the weapon concept
and critical to its success.

bh) A computer study was conducted for the purpose of defining gun pova-
meter relationships.

¢) Variation in weapon performance was considered with regard to a
rauge of variation in projectile weight.

d) Proolem areas discovered in the preliminary study and reported
earlizr were examined in greater detail than hid been possible before.

In the sections to follow, each of these phases wili be discussed in de-
tail,

For the most par:, designs or iavestigations have been successful, and
maierial progress has been made. This will be apparent in the report. Ob-
jective appraisal must be candid, however, and areas in which difficulties
still exist or where new problems have been enccuntered are carefully ana-
lyzed.
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SECTION I
CRITICAL AREAS-AND BASIC TECHNIQUES

The present-concept for an:automatic light gas-gun. requires unique or
unusual design solutions: in several” ‘areas. ‘Where these wers: oulgide:com-
mon gun technology, specml“designs -were.developed-and eqeipment built.
The following jaragraphs summarize the work in these areys.

BREECH MECHANISM

The equipment used in Phase I for' establishing {easibility waz designed
for single shot operation. Asa matter of convenience, available hardware
was used. 'The M61 bolt and rotor parts and Governmcnt furnished pneumin-
tic chargers are examples of adaptations employed. The equipraent worked
satisfactorily and was useful for its purpose.,

In the present z>udy, & design capable of repetitive {ire was required.
For reasons which wili i@ discussed later, recoilless operaticn was desived,
Further, a mechanism waz needed which would be comnpatible with an envi-
sioned rapid fire weapon conceot.

Review of weapon functioning ostablished two requirements: 1) it was
necessary that al! segments of the complex firing cycle be carefully timed
and regalated, and 2) it was necessary that ejected debris be expelled
straight to the rear. It was {elt that an exterual am would provide the sim-
plest and most positive control of the firing sequence. The possibility that
multiple barrsls might ultimately be used, all sequenced with respect to one
another, makes this additionally desirable. An electric inotor driving a pro-
gramming cam was gelected ns the most direct design approack. The cam
controls bolt motion and lock action. It can also be adapted to periorm se-
quential switching operations at desired times.

A breech mechanism was designed around this principle of cam control.
The overall assembly layout is shown in Figure 1; and the photographs shown
in Figures 2, 3, and 4 depict the equipment. Features of the various com-
ponents will be desgcribed separately.

Bolt and Lock

A two-piece articulati..; bolt was designed which would permit direct
rearward ejectivn of debris. the bolt head contains the electrical firing ccm-
tact and serves as the primary struciural elemert for absorbing firing loads.
Notches - .ae side of the bolt permit lccinng. Tne bolt incorporates an ex.
tractor for controlling and extracting a fired case. Four rollers which en-
Jage tracks iu the receiver assembly gaide the bolt, while a fifth roller is

CONFIDENTIAL




CONFIDENTIAL

Enﬁécoﬁ Y0991% Jo Jnoke] udiseqg °I aandig

[ e & 44 i
.
3&‘5‘ s :'\\’\
. L] U 2]
| e :
P . ECUs S T
. e ly
v
NI /
~ 5 /
./mﬁm; o T W o
— e

L]
v
Y P T S RS .
_W = -
_ it i NI S |
;
\l
T~ S

N AL
K S T (G wraint;

- 2t .
AL et o e e LY = o s s g e e
-] H £ 2 - o i f o gt W.l -
)
I 3 e sromromm e m mwmssmongfns Fas o fomaedeon e

: : c\ N AN
V. doww [ At B Mo " =
- CRowl e} %sﬂeﬁv\to ps i p hadtudatind i
e - oo <1903
’ v <GP
LI PR TIITTE PYrEP Y Il L
Y. A4 PrI el 4

2EPOIrIS WL I/

\ |

T T w ey th | TV S ate s sarsem
Y
Y s

LEP o BHIITIT

T
il
!
1

ATt e e mesm st s eSS s - v al R ltcu

—— - - S, 8 A——————————— e S 72

- ,
T T TE g

D

j

_u. R |
®

s

{)

H

13
sem-mrevr S-.I\

CONFIDENTIAL




VOISO d pasiey Ul puaH O Augamoys ‘s

¥

o ot

sty

. w,.ﬂ

25

1
¥

1
7

1%

YoadJay pojeradn-we) 7 aanity

N .

[ie]



MBIA OPIS ‘WISUBYOIW UD3alg ‘¢ dandyg




Lo

Showing Bolt

B o
- -t
!
S a0
R
3
€ ‘et “
o © —
o e
-~ A e
m “ iw.ﬂ
5T 1l
Mh G V.'!;:w
ot S -
.m i fhm
SIEY it
Fod ~~
i e c
ol 54
C i)
o B
@ ¥
r 4
- le)
o
[+5)
'
£
et




CONFIDENTIAL

provided at the top of the bolt to serve as a cam follower. The bolt head is
the forwart artxcuhting portion of the bolt: The rear bolt bodv is a Hollow
square. tube

incaction,. the bolt carries a round forward into:the:éhamber. The two.
lateral lock blocks, actuated. Atom below by w small second cam, secure the
bolt: b::ad in- firing poe“ion. Azt@r hring, the main cam: sirives the bo\t rear-
ward, Ag.the "bolt-continues. rearward ‘beyond i{s Ieed position, the bo"t ‘head.
is-rotated-upward: by ca action. ‘This clears the bore:centerline: and“pro-
vides unobstructed: passige for the debris. through the bolt body.

Siraultaneously with the rise of the bolt head to-clear thebore ‘centerline,
the extractor is cammed downward: It was originally intended that the spent
case or unfired round should carry straight to the rear-on its own-momentum.
Experience has shown that gravity drop causes the case to stay with the ex-
tractor and-nst §ject properlys For the présent tests, the bolt head:wag
modified to perinit the bolt to hurl the case "over-theushoulder", so-to-speak,
that is, through an arc above the bolt. This is a temporary measure and a
means of expelling the case to the rear will have to be provided in the future.

After the ejection cycle, the bolt is moved forward into feed position to
pick up a new round.

Cam

The main cam is a 12-inch diameter cylindrical cam with a single groove
for driving the bolt. The cam profile has three dwells with appropriate tran-
gition curves between. The forward dwell i3 the firing position. This dwell
is longer than for most rotary weapons in order to allow for the added time
required for helium injection. The intermediate cam dwell is the feed posi-
tion. Here the bolt head is down to receive a round. The most rearward
dwell is the ejection position, where the bolt head is raised, as described
above. Figure 5 shows the main cam layout.

The main cam is driven by a 196 tooth, 1€ pitch gear, wnachined into the
cam's outer surface. It is centrally mounted on a shaft which also supports
the locking cam. Besides providing locking action, the locking cam incorpo-
rates a support surface, which appears bencath the round as the round is
chambered to prevent it from falling through the receiver.

Support

The cam and bolt assembly are supported in a heavy receiver section.
This is essentially a heavy bracket into which the barrel, or pump tube
breech, is locked. The bracket incorporates two heavy side rails, appro-
priate bearing suppnrts and a linear ~am for controlling bolt head action.

The suppurt 1s vistble in the previvusly refererced photographs and drawings.

8
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Multiple Barrel Adaptation

The support has been.designed to accommodate a single firing barrel.
Design inyestigation shows that the main cam, at'its.present size, - could ag-
commodate as:many-as elght firing barrels. ‘Moreover, the: e:dstingacam
could-sarve these additional barrels without: requiringPany ‘major design
change, :since the action for:each: barrel assembly is identical to' that for a
single. barrel,

REDESIGN OF OTHER COMPONENTS

In preparing the equipment for the present series of tests, several of the
old components were redesigned for improved performance-as follows:

a) The ejectior shuttle valve at the muzzle was changed to incorporate
an external spindle and spring. This was done to permit attachment
of a motion transducer so that the motion of the internal spool {or
shuttle) could be rec~rded during five testing. Basic valve action and
internal spool design were unchanged in principle. The shuttle valve
is stiown in Figure 6, attached to the barrel in firing position.

b) The coupling, or high-pressure section, and its junction with the
launch tube, were altered for the current tests. During previous
tests the launch tube engaged the high-pressure coupling in a long
slip fit. After firing, the tube could not be separated from the coup-
ling, and close inspection of the forward breech was difficult. In the
new equipment, a joint was provided in the high-pressure breech at
the junction of the conical carrier seat and the straight cylindrical
pump tube. The objective was to permit uncoupling of the two com-
ponents at the area of most interest. This would fucilitate inspection
after firing. Figure 7 is a cross sectional drawing of the launcher,
showing the coupling region. Figure 8 is an snlarged view of the high
pressure section.

The new junction design has had mixed success. The parts can be
disassembled after firing and breech inspection and subsequent re-
work is much more easily accomplisiied than previousily. However,
sealing and material deformation are problems. Pressures proved
too high for the metaliic C-ring seals used with success in other sec-
lons of the gun. Worse, in the initial design, the small escape route
vpened to the gas, as deflection occurred during firing and the parts
separated ever so slightly, caused carrier failure as the gas rushed
o1t tc the C-ring seal. Carriers were split cleanly by the pressure
differential created by this gas flow on the first three rounds fired.
Eifective sealing was finally achieved by recessing a stainless stecl
ring into the hore surface at the joint between the coupling and the
Iax.nch tube s0 as to cover the crack., (See Figure 8) However, even

10
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this has not been a completely satisfactory solution. Unequal expan-

sion of the two parts during {iring causes gradual bending of the ring.
A new one-piece high-pressure section should he substituted in future
tasts.

c) A minor change was made to the check valve. In past firings the flat
spool face had gradualiy become dished until ieakage occurred. This
part should provide the primary gas-seal, and.its flatness is neces-
sary for proper valve functioning. The thickness of the face disk was
increased for greater strength. No further warping has been ob-
served. Phniographs of the breech mechanism assembled with the
other parts of the gun in firing configuration are shown in Figures §,
10, and 11.

FIRING SEC;UENCE TIMING

A complete firing cycle iy comprised of separ.ce sequential operations.
These must be linked together in a controlled manner if automatic operation
is to be successful. Thorough knowledge of the time required to complete
the various individual functions and an understanding of their interdependen-
cies are necessary. One phase of the cwrrent work has considered this re-
quirement in detail. It will be helpful to review a firing cycle before begin-
ning a detailed discussion.

Assume, as a starting point, the boll in feed position. Further, assume
a round has been fed into the receiver ahead of the bolt. The bolt is at the
end of the feed dwell; forward motion is immunent. The sequential steps
which constitute a firing ¢ycle are, in order:

a) Feed stroke: The bolt moves forward, chambering the round.
b) Bolt locked.

¢) Injection: The injection solenoid valve .s energized, opens and gas
eaters the pump lube. The carrier is driven into firing position.
Gu3 continues to flow until full charze pressure is reached.

d) Fire: The primer is energized, propellant buras, the piston is
driven dowr the pump tube, the projectile shears and is prupelled
out the launch tube,

e) Bolt unlocked.
11 Case extraction: The bolt moves resrward, extracting the case. At
a point near the limit of bolt travel, the articulated bolt heud lifts to

clear the ejection path. Ideally, the case continues rearward in an
uninterrupted motion. As has been mentioned, the case is flipped

14
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upward by the bolt in the mechanism's present stage of development.

g) Nject'on: The ejéction supply valver is anergized. Ejection gas enters
the sdultle valw, drives:the spor across:the. muzzle, “entezs: and:
trav:ls up the/Jaunchtube. bore, and iorces the. expended ;'.\uton and-
carder reafward. through thehpump tube. 'These are expened from
the chamber-and piss. through‘ the’ bolt badyaopenmg.

h) Po sition bolt to feed position' The cam.moves the bolt forward from
K<) jvction positiou to feed ‘position,

In synthesizing a- cc;mpleta firing-cyclé fzom thiss oporations, cach ros-
pective time requirement must'be determined. This has been the abject of
the firingi sequence timing; Btudy. o .

Estimites of sequence times ¢an be drawn from several sources, Some
operaticns, such as chamber.ng the round, are czmmon weapon practices and
their thne régquiraments can ba infersad from past experience. Measure-
ments of injection time.sad ejection transit times Have been mede previously
in the Jaborziary, and these fizures are alresdy available. Finally, specific
data hzve been taken from the instr«rnented firing tests. This is the most
depencabie information, since it is derived from the actual equipment in
operafion. A typical firing record i3 ghown in Figure 12,

Seguentiai operation time requiremsonts sre summarized in Tabie L
Oper st.. s are broken down into subdivisioss where agpropriate, apd tha
souree ¢f they data ie indicated in each case.

One interesting aspest of the timing data is observable in Figure 12,
Records taken during {iring tesis indicate that the pressure of the residval
propellant gas decays slowly. The gas is tzepped between an expended pis-
ton at the forward end and a somewhat crumpled and distorted case at the
breech. Pressus o decay hao bees assumed rapid, but firing records and ob-
#zerved bol: damage indicate that such is not the case.

Since it is undesirable o introduce a pausc of several hundred milli-
s2conds to wait for pressure decay, the pump fibe must be vented. The
4i0st sensible way is to stirply force open the bolt undsr pressure; this was
cone ir the {iring tests.

Two effects were cbse: ved. The bolt roller, a light balf bearing, had
not been designed with this load in mind, and its oute: case cracked occa-
swonally. This can be easily remedied with a stronger bearing or a solid
rolles. More siynificantly, the force of the expanding gas against the bolt
tace during extraction appreciably accelerated the cam. This suggests the
possibility of a self-driven or at least self-ussisting gen.

13
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Table I. Firing Sequence Time Intervals

Time Interval
Sequence (Milliseconds)
Feed Stroke 30
Bolt Lock 5
Injection
Solenoid Valve Delay 12
Carrier Motion 20
Charge Pressure Rise 200
Firing 3
Bolt Unlock 5
Extraction 36
Ejection
Solenoid valve energized to 50
pistonat mid-barrel port
Total ejection time estimate 60
Laboratory ejection time (50)
Return Bolt to Feed Position 12

CONFIDENTIAL

Basis For Estimate
M61 design:practice

Cam design

Laboratory test; fast
opening solencid valve;
no check valve

Laboratory test, maxi-.
mum, Less for kigh
charge pressure

Fire test with check valve,
slower acting valve than
above

Fire test, Time irom
primer voltage to pro-
jectile cotl signal

Cam design

Cam design, based on
M61 practice

Fire test; carrier not
ejected with piston

Estimated from {ire test
data

Laboratory test without
shuttie valve. Basis
for estimate, but should
not be added thereto

Cam design
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The total time requirement for .a single firing cycle need not necessarily
be the sum of all the separate time intervals, ‘Some L.perations can be per-
formed smultaneously to telescope the total elapsed time. For example,
ejection.can be initiated before extractlon is complete sc. 1ong as-the ejccted
piston-and. carrier: do not afFive: at the bolt before thé'bolt head is raised.

Gasflow is obvxously thedbiggest time consumer among ths several gper-
ations, The charge pressure. build-up: interval is-200. mﬂliseconds, the
largest single item. 'This results from the fact that check valve design-and
solenoid valve selection were not predicated on a need for particularly fast
action or high rate of flow. It was originally expected that mechanical, ra-
ther than pneumatic, processes would establish the primary limitations on
cycling rate.

In future work, special attention will be aceorded the gas flow problem.
Fast opening charging valver will be used, in parallel array if necessary.
The check valve design will be given particular attention. Operational re-
quirements are severe, since it is necessary to seal against full chamber
pressure as the propellant burns. Nevertheless, a larger port area is ob-
viously needed, and various means of obtaining this will be examined.

The total cumulative time for the seyuential functions in Table I is 433
milliseconds. About half of this is represented by charge pressure rise, In
light of previous comments, it should be possible to shorten the overall time
considerably. A total firing time of 3C0 milliseconds seems a reasonable
goal for a weapon.

RECOILLESS OPERATION

Space vehicle application is contemplated for the light gas weapon. In
such an installation, recoil forces might prove undesirable. Vehicle struc-
tures are characteristically light-weight and are not designed for high forces.
In addition, excessive omentum change might have adverse effect on orbit
path. Recoilless operation would seem a desired characteristic for any such
weapon insiallation.

For the light gas weapon, the mass of the fired projectile is much
smaller than that of the ejected debris, which consists of cartridge case, pis-
tun and carrier. Although firing velocity is much higher than ejection velo-
city, the mass ratio tends tu compensate. Quite possibly, momentum could
be made to balance. This has been briefly invesligated.

A primary consideration in balancing momentums is co-linearity of the
velocity vectors. To properly balauce a projectile fired in a forward direc-
tion, cumpensating mass shuuld be fired along the same line in the opposite
direction. Ejection of matter in any other direction, to the side, for exam-
ple, will not achieve momentum balance. This is the :eason behind the
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articulating bolt design, which allows ejection straiglhit to the rear.

During each firing cycle,, twc masses are discharged in the forward di-
rection: the projectile and the helium gas which drives-it. Pro;ectile weéghts
from 5-50 grains-are fireci. Helium mass mxght be as high as 70 graihs,
depending upon chavge;pressure: and pump tube: length Available to balance
against these are. the masses of the uartridge kase, plston, carrier and pro-
pellant gas. Nominal values for these are 1875 grainsfor the:case, 430 for
the Lexan/aluminum piston, 200 for the. carriér, ‘and about 400 for the pro-
pellant charge. A 25 to I ratio, or greater, is therefore typical betwean the
weights of ejected debris and combined projectile and helium. To compen-
sate for a 15,000 ft/sec. muzzle velocily, ejection velocities of a few hun-
dred feet per second would be adequate.

Ejection velotities of 500-400 it/sec. for piston and carrier have been
measured in laboratory tests v-ith an ejection gas pressure of 1,000 psi.
Thesé velocities are of the desired order of magnitude, and they offer en-
couraging support for the idea.

A detailed analysis of reccil reduction was planned when the program
started. As work progressed, it became clear that a thorough study would
be premature. No specific projectile mass has yet been established, nor has
optimum muzzle velocity been set, Rather, the project is at the stage where
ranges of values are being studied for the various gun parameters.

For these reasons, a six-degree of freedom analysis and instrumented

firing measurements of recoil force which had been planned were postponed
to a later stage of the development program.
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SECTION III
PARAMETER OPTIMIZATION STUDY

Since velocities only slightly in excess of 10,000 ft/sec. had‘been at-
tained with the previous. launcher, and 'since. both the initial helium pressure
and the peak compression pressure had been higher than was desirable for
other aspects of the firing, it was felt necessary to adjust the new design
parameters to achieve more favorable performance characteristics, By im-
proving the balance of parameters at this stage of the mechanism development,
all aspects of the design could be brought intoa closer relationship to the
final weapon,

In determiring which performance characteristics should be regarded as
optimum for the weapon, p imary consideration was given to high muzzle
velocity and minimum system weight. Other desirable characteristics were
felt to be:

a) Minimum barrel lengths compatible with high velucity performance.
b) Minimum overall bulk and dimension of the weapon system.

¢) Low initial helium pressure: to minimize carrier deformation upon
charging impact and to obtain the greatest number of firings from a
given supply of compressed heiium,

d) Low peak pressure: to minimize bore enlargement and barrel wear
in general.

¢) Relatively low pistor. mass: to minimize total ammunition weight, and
to facilitate pneumatic ejection.

Contract specifications called for a projectile mass of between 5 and 50
grains; projectile material and caliber were not specified.

Considering the complexity of the light gas gun firing cycle, and the num-
ber of variable parameters involved, it was felt necessary to optimize the
launcher configuration using computer programs developed to simulate the
firings, iather than by trial-and-error experimentation. A survey of existing
computer programs was made to select three or four which appeared most
promising in terms of accuracy, availability, and cost.

It was decided to conduct the major part of the study at the U,S. Army
Balitstic Research Labouratories, Aberdeen, Md., using the most advanced
awd vwanps chiénsive ui the B, R, L. light vas gun computer programs. Thin
program, developed by Paul G, Baer of the Interior Ballistivcs Lab, utiliges
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the Richtmyer-Von Neamann "q" method of flow representation, which is
capable of closely simulating the propogation and reflection of shock waves
characteristic of a light-piston type launcher. Details uf the- program, its
underlying assumptions and the basic equations, are. discussed in Reference 1.

In order to increase the reliability of the simulations, open-end calibra-
tion firings were made to determine piston muzzle-erergy for varioiis-values
of piston mass and: propellant charge. This experimental data-was then used
as a reference for adjusting the computed burning phase of the simulation.
Since the propellant used to drive the piston was a commercial small arms
propellant (DuPont IMR4198), its thermochemical properties were not as
completely and precisely determined as those of most military propsllants.
In particular, no data was available on the linear burning rate of the propel-
lant, which is an important parameter in the computation. Therefore, a
number of preliminary computer runs were made, using the standard interior
ballistics program, to determine which assumed values of burning rate, pis-
ton shot-start pressure, and average resistive pressure resuited in the best
agreement with the calibration firing data. The values thus determined were
then used for the burning phase of the light gas gun computationc.

A total of twenty-seven simulated firings were run on the B.R. L. com-
puter. The input conditions and the results are summarized in Table H.
Referring to this ¢ .«a, it may be seen that certain trends are clearly esta-
blished for the genural range and balance of parameters considered in this
study. First of all, a comparison of ruas 3 and 4 indicates the magnitude of
the performance increase achieved by increasing the base area of a given-
mass projectile, all other parameters remaining fixed. That the increase
occurs is hardly surprising, but the extent of the improvement is striking.
Still Jarger calibers were not tried, since at these diameters metallic pro-
jectiles had o be either very short or hollowed gut if the projectile mass
was to be kept down. Furthermore, there was a practical limit to the ameowit
that the projectile could be shortened or hollowed and still perfurm properly.
A projectile diameter of 0. 30 inch was choser as the maximum practical
limit (and hence the optimum) £o: the present launcher and the given range of
projeciiie mass values,

Other trends noted were the beneficial effects of increasing pump tube
length and pisto.. mass. It was discovered that with all othev parameters
held constant, the effect of increasing the length of the pump tube was to in-
crease the ratio of muzzle velocity to peak helium pressure. Stated differ-
ently, for a given himiting peak pressure, a higher muzzie veiocity can be
achieved with a longer pump tube. In Figure 13 the results of nine of the
stmulations are plotted to illustrate this pattern. (Of course this trend would
reach a limit for the present configuration, and might not apply at all to some
vther configurations, but over the range of paran.eters considered, the gen-
eralization is valid.) A similar pattern was found to exist with regard to
piston mass. for a given limiting peak pressure, a higher muzzle velocity
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Table II. B.R.L. Computer Study

Run Xp D1 Pe mg Pmax.  Vmuzzle
No. (in) (psi) (psi) (gram) (psi) (ft/sec)
0. 25 Cal. (1| 50 | 1000 | 20,000 | 1.0 { 238,680 | 11,505
Projectile .
me = 400 gr.
3 70 600 20, 000 1.0 222, 486 11,079
rl
0. 30 Cal. 4 70 600 20, 000 1.0 162, 696 14, 843
Projectile 5 0 550 20, 000 1.0 174, 223 15,084

igrc’j 4?'(";51%?" 16 60 | 550 | 20,000 | 1.0 | 191,717 | 15,578
71 50 550 | 20,000 | 1.0 | 228,306 | 15,716

8| 50 550 | 20,000 | 1.0 | 247,930 17, 676
91 60 550 | 20,000 | 1.0 | 198,695 17, 065
10| 60 550 5,000 | 1.0 | 198,372 16, 887

11} 60 550 | 100,000 | 1.0 | (exceeded .-
limit)

12] 40 700 | 20,000 | 1.0 | (exceeded ———
limit)

13| 40 | 1000 | 20,000 | 1.0 { 218,052 15,769
14| 40 900 | 20,000 { 1.0 ; (exceeded -

0. 30 Cal. limit)
Projectile
o= 27,9 g {15 40 | 1100 20, 000 213, 680 15, 391

m, = 360 gr. 16 | 50 700 | 20,000
17 { 50 850 | 20,000

217,296 | 16,819
196, 271 15,771

O o S Wy
. . . .
[ =2 o S o S <

18| 60 400 | 20,000 (exceeded ——
limit)

19| 60 | 700 | 20,000 | 1. 186, 336 15, 94",

20, 50 700 20, 000 2. {exceeded -——
limit)

21 50 700 20, 000 3.0 {exceeded -
limit)

22 | 60 700 ¢ 100,000 1.¢ (exceeded -
limit)
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Table . B.R.L. Computer Study (Cont)

Run Xp Pi Pe mg Pmax.  Vmuzzle

No. (in) {psi) (psi) (gram) (psi) (ft/sec)

23 | 40 | 950 | 20,000 | 1.0 | 219,144 | 15,968
0.30 Cal. 24 | 50 | 1000 | 20,000 | 1.0 | 185,767 | 14,895

-—-WTPN{"“H‘* 25 | 60 | 15 | 20,000 | 1.0 | 225,01 | 17,702
P - 350 i <za 50 | 1000 | 20,000 | 2.0 | 219,176 | 11,351
(27 | 50 [ 1000 | 20,000 | 3.0 | 214,563 9, 242

Definition of Symbols

my, = mass of piston

mg = mass of solid propellant charge

Xp = pump tube length

1 = initial helium pressure

Po = projectile shot-start pressure

mg = mass of projectile

Prax. = maxumum helivm pressure reached during firing

Vmuzzie = rauzzle velocity of projectile (evacuated bore)

Remarks
1. RuPort IMR4198 propellant properties used.
2. A pressure limit of 250,000 psi was assigned to the computations.

3. Projectile bore friction was represented by an equivalent "average
resistive pressure” of 500 psi.

4. The launch tube bore was assumed to be evacuated before firing.
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can be achieved with a heavier piston -~ (again, considering only the present
launcher configuration and range of parameters), An example of this trend
is seen in a comparison of the results of runs § and 9 in Table .

These benefits of increasing pump tube length and piston mass were also
limited by practical considerations. Lengthening the pump tube: results in
increased waapon weight-and dimension. Moreover, a longer pump: ‘tube
makes necessary a somewhat longer charging time, a slightly longer ejection
time, and possibly a:more damiaging carrier impact velocity, (The- -magni-
tudes of these effects in relation to added pump tube length have not yet been
investigated.) For the present phase of testing, a pump tube length of 50
inches was felt to be a good compromise. In the case of piston mass, it is
apparent that a heavier piston results in increased ammunition weight, Also,
for a given ejection pressure, the heavier piston requires more time to be
ejected. For the current firings, a piston mass of 25-30 grams was chosen;
however, this parameter, perhaps more than any cother, is open to further
consideration in regard to varformance optimization. Potential gains in velo-
city must be weighed against the penalties of increased system weight and
more difficult ejection,

Launch tube length was selected by assuming that the friction between
the accelerating projectile and the bore walls could be represented by an
equivalent "average resistive pressure" of 500 psi. From the computer runs,
curves of projectile velocity vs. bore iravel were plotted, and the bore
length was then chosen as the minimum travel required for the projectile to
attain 95% or better of its maximum potential velocity. The resulting barrel
length was 35 inches (117 calibers). Beyond this point, velocity gains per
unit length were found to be very slight, and did not justify the use of a longer
and heavier barrel.

Projectile shot-start pressure was briefly considered in the study. For
one case {compare runs 9 and 10 in Table I}, decreasing the shot-ste~t
pressure fror au, 000 psi to 5, 000 psi resulted in a slight reduction in muz-
zle velocitv as well as a slight reduction in the muzzle velocity to peak pres-
sure rativ. Increasing the shot-start pressure to 160, 000 psi (run 11) raised
the peak pressure so greatly, and caused piston bounce-back to occur so
early in the lauaching run, that it was felt uscless to consider these higher
values further. Values of shot-start pressure between 20, 060 psi and 100, 0600
psi were not considered, since il was evident from an examination of the
detailed results that the shock-action characteristic of the launcher caused
variations between these limits to have little or a0 effect on muzzle velocity
and peak pressure. (The second shock reflection from the base of the pro-
jectile, according to these computer simulations, effected a jump in base
pressure from about 14, 000 psi to about 80, 000 psi.)

Helium was the only light gas considered in this study, since it is always
employed in the actual experimental firings rather than hydrogen. This
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choice is solely for reasons of safety, due to the presence of oxygen in the
test environment. In the space environment:.for which.ine weapon is mtended
there is no reason why hydrogen gas: should” not be: used thereby resulting in
a slightly greater velocity potentlal. (In ddditton, 1t has ‘been reported by
several experimenters thal-erosion of the.launch. tube bore isfound. to beless.
severe Wwhen hydregén; rather:than’ helium, isused;)

This optimization study. obviously cannoi: be: regarded as-the final ‘word
on the-selection of parameters for the weapon, The' reliability of:the compu-
ted situlations’has not-yet been confirmed by firing data-or checked incom-
parison with. simulations- generated by other- conmputer programs. ¥ In addi~
tion, certain of the parameters, such-as piston mass and pump tube iength,
were rather arbitrarily limited by. pra»tica! considerations which could lator
be given more or less importance in'relation to muzsle velocity, More ex~-
perimental work ie required to establish thé magnithdes of these practical
Hmitations before a {inal-Sélection cau be made.

With:these reservations in mind, it-may be stated that the computer
study achieved a great deal. According to these predictions, the new leunch-
er has a velocity potential far in excess of the previous design, with only
slightly increased weight and dimension required. Moreover, these higher
velocities can be achieved with lower initial helium pressures, which favor-
ably affects the charging phase of the firing cycle.

*Plans have been mads to run  number of "check” ¢ases on cumpuier pro-
grams developed at other agencies. The U.S. Waval Research Laboratory
(Washington, D.C.) and the U. S, Naval Ordnance Lahoratory {Silver Spring,
Md.) were approached with this proposal for comparing results. A3 each

of these agencies, pe;sonnel contacted were cooperative and interested, and
agreed to undertake the work. Unfortunately, delays in the primasry compu-
tational program and in the experimental prograia have resulied in a post-
ponement of these back-up studies. It is still planned to perform these ad-
ditional computations, and a summar) Jf the results will be prepared for fu-
ture reference.
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SECTION IV
WEAPON PERFORMANCE VS INCREASED PROJECTILE MASS

It was attempted to determine experimentally, during this phase of
testing, the effect of increased projectiie mass upon muzzle velocity and
peak pressure. ‘The primary aim of this investigation was to discover the
maximum mass which could be fired from the present launcher at a velocity
above 10, 000 ft/sec without causing excessive pressure to be created in the
gun. In addition to the expérimentai data, a few of the computer simulations
were devoted to a consideration of heavier projectiles.

The experimental firings have not so far produced a sufficient amount of
valid data to justify a representation of the empirical relationship between pro-
jectile mass and velocity, Projectiles of masses varying from 1. 27 gm (20
grains) to 3. 58 gm (55 grairs) we. e prepared for firing, but only two differ-
ent weights, 1,27 gm and 2,72 gm, have been fired. Of this data, some of
the velocity measurements were invalidated by severe bore damage and con-
screens, it wzs also apparent that the nrojectile usually fragmented in firings
with a damaged bore. Only the lightest of the projectiles, 1.27 gm, has been
fired with compiete success; these light projectiles were made of aluminum
and did not produce gouging in the launch tube bore as did the steel projec-
tiles. The itemized pressure and velocity data from these firings is pre-
sented in Appendix A.

The best indication to date of the effcct of increased projectile mass upon
performance has been obtained from the computer study. In runs 16, 20 and
21 (Tablz 1) projectiles of masses 1.0 gm, 2.0 gm and 3.0 gm respectively
were programmed, using the same initial conditions for each. Iansufficient
allowance was made for the increase in peak pressure caused by the heavier
projectiles, =ua the runs exceeded the pressure limit which had béen assigned
to the computations. In runs 24, 26 and 27, these cases were repeated with
the initial helium pressure raised to 1000 psy, and the simulations ran to
completion,

The sensitivity of muszie velocity and peak pressure t5 variations in pro-
jectile mass, as obtained from these computations, is plotted in Figure 14.
These curves apply in a strict sense only for the particular combination of
gun geometry and initial loading which was selected for the runs. However,
this particular configuration is probably not far removed from that of the
vventual weapon, and the slopes of these curves are in all likelithcod repre-
sentative of the trends that may be expected for any configuration in this
neighborhood of parameter values.
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Experimental firings are continuing briefly, and in the few remainirg
shots an attempt will be made to obtain more actual test data in this area of
investigation.

CONT1DENTIAL
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SECTION V
PROBLEM AREAS

During the previous phase.of the project, .several problems wcre en~
countered which required:solution if'a successful weapon was to be developed.
The work scope for the present phase was written to inclade study of these.
Solutions have been found in some cases. In others, further knowledge has
been gained, but final resolution will require continued and more extensive
study.

CARRIER IMPACT

Considerable damage is sustained by the carrier assembly as it 'slams'
into firing position during injection. i deceleration dus to impact is exsoe-
sive, the projectile is shuared from its flange by ite own inertin. Premature
projectile shear aborts the firing cycle and might well resuit in dostruction
of the forward b. 2ech, for the piston will then be fired into an empty cham-

ber,

Herce the carrier/projectile design must achieve a balanca between two
conflicting demands. The projectile-flange unit must be stroag enough to
sustain the high load of injection impact, and at the same time it must be
sufficiently weak to shear at the desired shot-start pressure,

It is desirable, of course, to reduce the impact load on the projectile~
flange unit by some means, Lower injection pressures would accomplish
this, but initial hellum pressures above 500 psi are required for firing with
the present configuration. Among the remaining possibilities for preventing
or reducing damage due to carrier impact are:

(1) Employ a two-stage charging process. The carrier is driven into
firing position with injection gas at low pressure (perhaps 100 psi);
as soon as the carrier is seated, full flow rate is pernitted, and
full charging pressure is rapidly established.

(2) All' - the carrier to crush or deform in a limited, controlled manner,
such that the deceleration is "spread out” and the peak deceleration
forces are reduced,

(3) Allow some of the injected helium to bleed by the carrier as it dirives
the carrier down the tuve. This gas, whether it were permitted to
escape out the muzzle or whether the muzzle were momentarily
capped, would cushion carvier impact to some extent. (See Figures
15-a, 16.)
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{4) House the projectile unit in the carrier such that the projectile
flange is cushioned against a ring of shock-absorbent packing. (See
Yigare 15-b.)

Of these schemes, only the last two are now being actively considered.
Method (1) kas the disadvantage of requiring a longer total charging time.
Charging the pump tube presently requires about 200 milliseconds, the long-
est single delay in the iiring cycle. 1t is desirable to decrease, rather than
increase, this time requirement if satisfactory firing rates are to be realized.
Method (2) has not been fully investigated, but a few initial tests in the trans-
parent pump tube have indicated that the technique is not sufficiently effective
in reducing peak deceleration loads.

Since carrier transit time (i. e. the time required for the carrier to
travel the length of the pump tube and seat) is small in comparison with total
charging time, Method £3) apmears to be a good potential solution. In this
method, termed "gas bleed-by", leakege of the injection gas past the carrier
is controlled by the dimensional clearance between carrier O.D. and pump
tube bore. The volume of gas which bleeds by the carrier during its travel
down the pump tube acts as a buffer as the carrier nears the end of its travel,
If the muzzle is not momentarily capped, this gas can, of course, escape out
the launch tube; but the launch tube bore acts as a second orifice and impedes
its escape to some extent.

The gas bleed-by process is a pneamatic-dynamics problem. The dia-
gram in Figure 16 illustrates it in schematic form.

With the diagram as a model, equationa can be written which will des-
cribe the system. Variables will be pressures Py and P9 and carrier mo-
tion, Fixed parameters will be the three effective orifice coeificients, car-
rier mass, and supply pressure.

Dynamic analysis is practical onlv after pressures, dimensions and car-
rier mass have been finally select 1. Since they have not been as yet, no
analytical work has been attempted. Instead, some rudimentary laboratory
tests were carried out to substantiate the concept empirically. Existing car-
rier/projectile assemblies were driven down the transparent pump tube with
and without permitted leakage, and efiecis were observed. Controlled gas
bleed-by was effected by omitting the "O" ring on the carrier O, D. which
normally forms a moving seal at the bore walls, A smaller "0O" ring was
ins*ailed on the conical nose to fori 4 seal upoa {nai seating of the carricr,
Steel projectiles brazed for shot-gtart pressures of 60, 000 psi were used in
the carriers. Projectile weights of 55, 42 and 24 grauns were used in the
tests.

Results showed gas bleed-by to be «ffective in delaying the point at which
fairlure vecurs. Carrters for which no leakage was peraintied failed at much
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lower injection pressures than carriers with leakage. For example, the
heaviest projectile (55 grains) sheared from its sleeve upon impact at only
300 psi charging pressure (i. e. the pressure in the charging rescrvoir). A
somewhat lighter projectile (42 grains) withstood impact at 300 psi, but
failed when tested at 500 psi. Employing the gas bleed-by technique, the 55
grain projectile failed at 750 psi; and the lightest projectile tested (24 grains)
withstood charging impact at 750 psi. The techrique may provide a solution
to the problem of carrier injection damage, and a detailed analysis should be
conducted when gun parameters are more definitely established.

ENLARGEMENT OF PUMP TUBE BORE

During the previous phase of testing it had been noted that after only a
few firings there existed a measurable increase in the diameter of the pump
tube bore at the high-pressure section. The magnitude of this expansion af-
ter 15 firings was approximately 0. 020 inch. Since the coupling section of
the gun is designed to contain a steady pressure of 200, 000 psi without per-
manent yield, it was assu 1ed that the enlargement was due to pressures in
excess of this value. Oscilloscope records of the pressures generated by
helium compression had indicated that peaks of 300,000 psi and above had
occasionally been reached in the firings*. It was therefore concluded that if
peak pressures could be kept below the design limit of 200, 000 pai, bore en-
largement would be prevented, or at least reduced to an nsignificant magni-
tude.

The first five firings of the present test phase gave hope that this con-
clusion was correct. Peak pressures wers kept below 180, 000 psi (accord-
ing to the escilloscope records) and an enlargement of only 0. 006 inch wasg
measured in the region of the pressure port (refer to Figure 8). A second
high-pressure section, used for the next eleven firings, also showed an en-
largement of only . 006 inch. Expansion of the pump tube bore in this region
is no longer regarded as a serious problem, in any case. It has been shown
that the carrier is able to seal the forward end of the pump tube by means of
an O-ring added to its conical face; hence, contact between the bore walls and
the O-ring on the carrier O, D. is not necessary for containing the helium
charge during injection once the carrier is seated. Expansion of the bore
walls would become a serious problem only if the enlargement were so sev-
ere that the carrier swelled out into the expansion during firing and could not,
therefore, be ejected. It is not known at what extent of enlargement this
would begin to occur, but the magnitudes encountered so far (0. 006 to 0. 020
inch) apparendy have not restricted or hampered carrier ejection in any way.

* Because of the intensity of the pressures and temperatures, and the ex-
tremely fast rise and {all of the pressurc curve, these measurements are
very difficult to make and must be regurded with some uncertainty.
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Should the diameter of the bore continue to enlarge during repeated fir-
ings, it might become necessary to redesign the coupling section for greater
strength, Possible means of achieving this strength are:

a) Pre-siressing the inner layer of the barrel in compression, using the
multiple-layer constructiou often proposed for this section of light

gaS gllIlS .

b) Starting with the inner diameter slightly undersize at the critical area
and using the principle of autofrettage to create a work-hardened bore
of the proper diameter with increased resistance to further expansion.

LAUNCH TUBE BORE DAMAGE

It has been mentioned (Section IV) that the experimental velocity data was
in some cases invalidated by the effects of bore damage. The damage ob-
served during this phase of testing was nearly identical to that reported during i
the previous phase. Apparentiy, it consists of two separate phenomena: 2a ,
severe but uniform erosion of the bore surface near the entrance (caused by
the flow of helium gas at extremely high pressure and temperature), aud a
more or less random scraping and gouging of the bore surface by the steel
projectile along the length of the bore (the precise cause of which is still un-
determined).

No atlempt was made during the present phase to alleviate the problem
of uniform erosion caused by the hot helium gas. This phenomenon isafami-
liar one in hypervelocity guns, and cannot be prevented entirely, although
means of increasing useful bore life have been studied and are applicable to
this weapon.! Briefly, the wear pattern caused by this erosion may be des-
cribed as a slight increase in bore diameter at the launch tube entrance, a
continuing increase forward of this point, and a gradual return to the original
bore diameter. 2 This eroded area extends for a length of about two inches
down the bore from the entrance, the point of maximum erosicn occuring ;
between 1/8 inch and 1/4 inch from the entrance. The rate of wear in the ¢
present barrels is suggested by a measured incraase of 0. 050 inch (17%) at E
the point of maximum erosion after only five rounds had been fired. How-
ever, a portion of this measured increase may be attributed to @ gradual
yielding of the bore due to the extremely high pressures near the entrance.
(The launch tubes were of 2 hardness RC-32/37, compared with the coupling
section hardness of RC-50/55.)

! See, for example, Reference 2

2 Yt had previously been thougat that uie launch tube entrance became "con-
stricted”, but this was found to be an erroneous assumption.
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cx‘everal aspects of the present de51gn had been a1med at. correctmg or

m’ in‘the:l
by shock wave 1mpmgement on rthe base of ihe projectil 3 ;iurin 2
0.an exh emely cloee

forced through Ahi "constricted" ‘launch; tube entrance. W this possil

in: mind the. newwprojectile was ‘allowed’to, protrudmpartiaily*fromthe nose
of the. carrier ‘such: that upon. carrier seating the projectile -would be:] posr-
tioned:pait: way- into-the:launch tubé., Tn addition to: ‘this: change, the projec-
tile was given-a rounded:mpse:ito prevent the chance of scraping ‘the'bore with
a sharply cornered leading edge), was restrained by a-‘brazed fit-rather than.
by an integral shear flange.(to insure a-clean projectLe 0.D. -of exactly ‘known
dimension) and was hollowed out at the’ base (to provide the effect of an ob-
turation cup for bietter sealin.,,.

None-of these.changes were eifective in reducing the gouged condition-of
the bore when {iring steel projectiles. However, during this test phase al=
uminum. projectiles were tried. for the first time, and it was diccovered that
after seven firings (starting with a new barrel) the bore showed no cbservable
gouges or indentations. This result was not wholly surprising, since con-
sultation with other agencies early in the program had revealed that bore de-
formation of this sort had been observed by other experimenters and correc-
ted by adopting plaslic sabots or by [iring only soft-material projectiles.
However, the exact cause and nature of the damage resulting from the use of
steel projectiles without sabots remains undetermined. During a study of
light gas gun performance for Project Defender, C.D. Porter, of the U,S.
Naval Research Laboratory, observed "launch tube enlargement™ at certain
poiats along the bore and proposed the following explanation: When the pro-
jectile is released, the sudden admission of high pressure gas into the luunch
tube creates an oscillatory response in the barrel walls. This response con-
sists of a rapid diametral expansion and contraction, such that the bore is
first dilated and then contracted relative to its original diameter. During
the dilation phase, gas leakage by the projectile occurs, eroding the bore
surface; upon contraction, the projectile is actually "squeezed” by the launch
tube, causing the cbserved gouging or "enlargement' of the bore. (A more
complctc descriptioa of the experimental observations and the proposed ex-
planation is contained in Reference 3.1 This theory, although tentative, ac-
cords with the patterns of the actual damage better than any other explanation
so far proposed. It is planned to determine if an oscillatory motion of the
barrel walls is, in fact, created by firing, using strain gages attached to the
O.D. of the launch tube.

It also remains to be determined if continued firings of aluminum pro-
jectiles in the same bore will consistently preveit the formation of the des-
cribed gouging. In any case, it is already cettain that a great improvement
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s affgrded by the use of alumimum as the materijal contactmg the bore. This
resu)t suggests the use.of: projecmes jacleted With -a-goft-metal, if:a hard:
core-material is' desirable from:the standpomt of: terminal ballistics. oo

ACCUMULATION OF COMBUSTION PRODUCTS

In previous testa; ‘residue. deposited in thé: mrward ‘breech: by firing
proved to be troublesome ana often hinderedasuccessf,ul ejection. Much of the

......

Aluminum piston noses have been used in the-current series of tests.
Accumulation of contaminants has been observed to.be much reduced dnd in
fact is-not troublesome in single shot firing. Evaluation of the problem under
conditions of rapid, repeated firing will not be possible until that stage of
development is véached.

Although it is not a combrsiion product, molten aluminum is suspected
of condensing on the wails of the aigh pressure section. When aluminum pro-
jectiles are fired, a similur deposit is observed in the launch tube bore near
the entrance.

Whether this metallic deposit will be a problem for repeated firings is
not yet known. The aluminum is not thought to come from the projeciile it-
self, but rather from the carrier and from the shear ring which remains af-
ter an aluminum projectile shears. This ring shows evidence afterwards of
having been partially washed out and may ther be redeposited along the bore.

INCONSISTENCY OF MEASURED DATA

This was cited as a problem in the earlier tests, Data in the present
tests is satisfactorily reproducible (see Appendix A). The change can pro-
bably be attributed in part to the improved installation of the pressure instru-
mentation (; revious velocity data was not as inconsistent as the pressure
data) aud to the use of a different propellant having better combustion charac-
teristics under these particular firing conditions.

CARRIER ATTACHMENT TO PISTON

No effort was expended in this direction. The carrier design does not
vet seem sui{iciently permanent t- warrant it.
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SECTION VI
congnﬁis“iéxé A,N‘Df RECOMMENDATIONS. |

1. Tt.is felt thatthé bregch; meéchaiism design:is generally -successful
and can'be adapted 105 mum-barrel operation. The' demonstration that: piston
and carrier can‘be ejected through the-holt opening:with speed and consisten<
cy was.an’ important stepiin the- development.

2. "‘iming studies of the various segments of the firing cycle indicate
that a cycle time of- 300 mmiseconds is feasible. Pneumatic delays are pri-
marily responsible for the present long cycle'time. Quick opéning valves and
other possible means ‘of reducing the time requirements of the pneumatic
processes hould be investigated,

3. Velocity measureinents of the ejected debris give indications that re-
coil forces created by firing may be reduced considerably by ejecting straight
to the rear, A six-degres of {reedom recoii analysis remains to be per-
formed for the case of a multi-barrel rotary weapon.

4. TFor the present basic weapon size (20mm pump tube diameter) the
launcher dimensions and mass ratics have been very nearly optimized, pro-
vided that the computer simulations are valid and that the estimates regard-
ing practcal limitations are correct. The results of the computor study
should be compared with cases run on other programs, and more extensive
and reliable firing data should be cbtained to provide confirmation or correc-
tion of the simulations.

5. The damage caused by charging impact to the carrier/projectile as-
sembly is still a major impasse. An intensive study should be made of this
problem to find a positive solution satisfying both the requirement of rapid
charging and tha requirement that the carrier be capable, after impact, of
proper firing and ejection.

6. Slight enlargement of the pump tube bore at the high-pressure sec-
tion is no longer troublesome, uniess repeated fire operation causes conti-
nued and excessive enlargement. In that event, the coupling section couvld be

adnsigpnd for nrea{er c}wonnﬂ\ it ig hacemmendnd that an ini-ﬂ\n-v-o'l binh..
pressur# section, with no ;oﬁt in the critical carrier seat area, be suhstituted
for future firing tests,

7. Launch tube bore damage remains a major problem. The rapid erg-
sive wear at the entrance and the gouging deformation along the bore are
conditions incompatible with weapon effectiveness. The use of aluminum as
4 prujectile iaaterial has eliminated gouging deformation in the limited num-
ber of firi.. . made, The possibility of using steel or other hard metal pro-
jectiles with soft metal jackets shouid be investigated.
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8. Combustion residue accumulation in the forwayrd breech has been of
less consequence during this phase. However, it was discovered that each
firing leaves a small deposit of aluminum on the borz walis surrsunding the
seated ¢arrier. Whiie not hindering single~shot operation, this metaliic de-
posit might build up during repeated fire tu an extent that wowld compromise
performance.

9. 1t is recommended that, in addition to an intensified investigation oi
remaining problem areas of single-shot operation, steps he taken toward the
construction and preliminary testing of a repeated-fire, multi-barrei 2uncker.
As an initial step, it i3 recommended that work be started on the design and
evaluation of a simple automatic feed system for the multi-barrel weapon,
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APPENDIX A

MEASURED PRESSURE AND VELOCITY DATA FROM FIRINGS

Round F1 mg Prax \4
No. ();5) (psi) gram) ('ps% ({t/sec)
1 40 | 1000 * 145, 000 11, 000'7
2 40 | 1000 2,72 140, 000 8, 400
3 40 | 1000 * 140, 005 10, 100
4 40 910 2.3 155, 000 8, 400 range
) 49 990 2.72 155, 000 8, 500 y
8 50 | 790 | 1.27 145,000 | --- [  Otmospheric
7 50 800 1.27 1806, 000 14,9
8 50 800 1.27 130, 000 10, 800
9 50 800 1.27 140,000 11,300
10 50 800 1.27 155, 000 13,000 ~
11 50 800 1.27 125,000 11,050
12 50 800 1. 27 170, 600 11, 200 range
13 50 8C0 1. 27 145, 600 11,050 evac';%ﬁ od
14 50 809 1.27 150, 000 -
15 50 800 * 170, 000 9, 560
16 50 800 * 165, 000 9, 530
#Projectiie sheared improperiy, actual mass launched is nol Knowi
Definition of Symbels
Xp = length of pump section
Py = initial helium pressure
my = mass of projectile
Pmax =  maximum helium pressure reached in firing
Vv = muzzle velocity measured hy coil and/or grids
Gun Data
Piston material: Lexan base aluniinum avse section
Pistun mass: 27.9 grams
Propellant: DuPout IMR 4198
Propeilant mass- 360 erains
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Gun Data (Continued)

Trojectile material:  Steel (2.72 gram model)

Alurainum (1. 27 gram model)

Pump tube diameter: 0. 786/0.789 inch (20mm nominal)
Launch tube diameter: 0.297/0.298 inch (0. 30 cal. nominal)

Remarks

1. Gas leakage at high-pressure section occurred on Rds. 1-3.

2. Increasing bore damage was cbserved on Rds. 1-d.
Projectile fractured in the launch {ube on Rds 3-5.

3. New launch tube was installed prior to Rd. 6. All subsequent firings
were with aluminum projectiles, ard no further bore gouging occurred.

4. Expended piston was ejected on all firings. Expended carrier rémained
lodged in the high-pressure section on Rds. i-7 due to problems asso-
ciated with sealing. With proper sealing techniques established, com-
plete pneumatic ejection was achieved regularly,
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