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: ABSTRACT
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: The report describes a feasibility study on a novel approach for J

5 : launching a 40mm grenade, The study was undertaken with the goal of j

f‘ . conceiving and developing a future grenade launcher which would be ;

3 ; v applicable to the Future Rifle System Program, This program advocates

' j ) a weapon system which is a combination of both a rifle (point fire) and

' E a grenade launcher (area fire), To maximize integration of the lauacher

é to the rifle design, it was theorized to utilize rifle propellant gases 1

§ to launch a grenade projectile, The proposed concept would provide for

f reduced grenade ammunition costs, reduced number of launcher component

: ? parts, llohter total weapon system wveight, and more grenade rounds per 3

7~ % combat load. A concept which contained all of the above features was

i é generated, designed, fabricated, and tested, The report describes *

the various facets which went iato each stage of its develcpment, ’

’ Feasibility of the proposed concept was demonstrated by the final :

’— 3 achievement of muzzle velocities comparable to standard 40mm grenade ;

% - launchers,
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H Mr George L. Reynolds, GEN Thomas J. Rodman Laboratory and Dr Kenneth

Richards, Lockheed Electronics Co., formerly of the GEN Thomas J. Rodman
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INTRODUCTION

Early in 1970, a program was undertaken with the goal of conceiving
and developing future grenade launchers, Drawing upon some of the
rationale endorsed by the Future Rifle System Program, one approach
considered was a weapon system which contained two weapon elements; a
rifie and a grenade launcher. It was observed that one way to obtain
maximum integration of area fire and point fire into one weapon would be
to use as many of the existing rifle parts in the design and operation
of the launcher as possible, It was then theorized that if we could
employ the same principles used in the gas system for automatic veapoﬁs to
launch a grenade (i.e., tapping off zgas pressures) then we could achieve
a high degree of integration and also at the same time eliminate the need
for a grenade cartridge case, This would provide for reduced ammunition
cost, reduced number of launcher component parts, lighter weapon system
weight, and more grenade rounds available per combat load.

In mid 1970, a concept was generated which contained all of the
features described above, The area fire component was comprised
basically of a barrel preloaded with two or more grenade projectiles,

The source of energy for launching the projectile was obtained by

tapping off a portion of the propellant gases of the point fire weapon
coumponent, To fire a grenade, a ccnventional rifle cartridge had to

be fired, The launcher was conceived as a multi-shot, semi-automatic §
device, lightweight and comnact with speedy operation, and of simple

construction, A selector switch was included in the weapon design

o an
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% which provided for a ..»>ice between area fire and point fire.

? In about n.* 2971, new impetus was given the effort and the concept

f wvas revived and examined in-depth., A preliminary mac.heamatical analysis .

%’ we; made to determfne the feasibility and also predict the desirability .
él of fabricating a test fixtuxe, The analysis proved favorable and a 40mm, .

E singi2 shoyt test £ tture was designed and fabricated, With the fabrica- J
54 "ion uf th~ teest fixture, testing was commenced to determine the

ceasiill v o7 ‘e concent. The achievement of comparable muzzle

velociti ' . .tween the gas launched concept and 2 standard 40mm system

was established as the criteria .or feasibility. It was concluded

AT TR b

that since the same standard projectile was used in both weapons,
?v compavable muzzle velccities would also give comparable exterior and
= terminal performance characteristics.
E

S e o
LA -_- e -



3
Ce

RIIw

v - n-\ PR Y e
vt kS
,

AR O T B

it

i {.-p

&

i by

Ly e
el

il
WA

bt s o} gt ¥ SOA ,J.,r.«!

Wrtiare % ber

i TN R R R RN

P L T

o r e s MY A Y

{

RESULTS

Based on a favorabie preliminary mathematical analysis of launching
a grenade sclely by rifle propellant gases, work was initiated in-
house on the design of a firing fixture for determination of feasibility.
With the objective of the effort being the demonstration of feasibility,
40mm was selected principally due to availability of comparative data
from the M79, 40mm, Grepmade Launcher. The design of the firing fixture
can be noted in Figure 1., The M16A1 Rifle was s2lected as the point
fire element of the weapon system concept. Photographs of the fabricated
test fixture can be noted in Figures 2, 3, and 4,

From August 1971 to Mcrch 1972, the 40mm gas launched grenade concept
went through successive cycles of test, evaluation, modification, and
retest. This effort culminated with the achievement of muzzle velocities
comparable to those produced by a MJ9, Grenade Launcher. This achievement
met the feasibility criteria set for the concept. Additionally, the
testing also examined other features whose interaction played a role i.
the resulting muzzle velccities., These features were the effects of
engraving forces, obturation, gas port size and locationm, and initial
chamber free volume. The muzzle velocities of the rifle, its
corresponding operation, and the resulting recoil forces wer: also
monitored during the testing.

In the last series of rounds fired, the fixture produced an
average muzzle velocity of 222 fps. This compared favorably with an

average rmuzzle velocity of a M79 fired at the same tiuae of 231 fps.
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As the grenade velocity increased, dus to design improvements, it was
noted that effects of projectile angraving on muzzle velocity decreased,
This was observed through the use of standard and pre-engraved projectiles, .
At maximum velocities attained, there was oniy a 0,64 increase attributable
to using pre-engraved projectiles rather than ones that were not pre-engraved
{See Figure 5)., Obturation effects were not wmonitored for the entire test
but at the lower operating pressures and velocities, special attempts to
completely seal the bore did produce apprcximately 107% increase in
muzzle velocity,

The math model used in the initial analysis stage indicated that {
a gas port size of ,091 inches Adiameter located 12,70 inches from
the rifle muzzle would produce acceptable results. However, during
testing, it was found that this combination did not frovide sufficient
gas flow and pressure, The rext development stage msved the gas port

2 lnches closer to the rifle chamber, Sufficient grenade muzzle

veleocity was still not obtained. Finel wmodificaticn was to triple the
cross~sectional area of the lauvnchexr gas tube, The result was a gas
tuke diameter change from .09 inches to ,165 inches. This finali configura-

tion did produce the high wuzzle velocities noted previously, Within the

56

R

limits of the test, little 2ffect on grenade muzzle velocity couid be

attribuitad to the magnitude of initial free volume cf the launcher chamber.

"“- e Y . "
AN AR 1) e, e
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The test plan noted ir Appendix B describes the procedure used to

.

J

determine this result,

,',m: Ax

When designing the firing {l.:ture to mount on the Wl& barrel, special
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attention was made not to modify the Ml6 gas tube, One of the cbjectives

of the test was to determine if launching the grenades as proposed would
adversely affect the operation of the rifle, One malfunction that was .
persistant during the entire test was failures to eject the spent ML6 )
Rifle cartridge, High speed motion pictures (3500 frames/second) showed
that the case was extracted but insufficient travel prevented ejection,
It was a general trend that as the muzzle velocity of the grenade
increased, the muzzle velocity of the M16 bullet decreased, This
ranged from 3200 fps down to 2900 fps. These particular values can be
roted in Appendix C; Test Results, Recoil forces of the rifle/launcher
test fixture were also measured, However, due to the test set-up, this
was more a yualitative comparison rather than a quantitative determination,
Generally speaking, the firing of the grenade as proposed in this report
increased the loads seen at the shoulder by a factor of 2 tc 2 1/2
of those of a conventional M16Al Rifle., This is attriburzlle to the
double impulse firing of both the rifle cartridge and launching the
= massive grenade,
¥ The noise levels for the system was also recorded., There was no
appreciable difference between the fixture firing and a standard

ML6 Rifle,

T
k)

P
0 k) "0“ Sy LA AR

BRI

Finally, blank ammuniticn was fired in the modified Mi¢ with a XM15

blank firing attachment to determine the feasibility of launching the

el

grenade, The vesuits gave minimal velocities (less than 100 fps). These

¢ s

can be noted on Page C-4,
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CONCLUSIONS

An overall conclusion drawn fircm the study is that the thiory of
launching a 40mm grenade projectile solely by the use of surplis
rifle propellant gases is valid. This was demonstrated by the
attainment of muzzle velocities comparable to a standard conventional
grenade system,

At this point in the study, ic appears that the concept discussed
in this paper offers a method of improving the cost/effectiveness of
the standsrd system., This could be achieved through a reduced cost
of a cartridge by eliminating the need for a grenade cartridge case,.
Furthermore, with the elimination of the cartridge case, a reduced
bulk would be realized and thus more rounds could be carried per
combat load.

Even with these significant features to be gained, there ig still
one major question that has to be addressed before full acceptance of
the concept is possible, It is the question of the simuitaneous launch
of two projectiles - a rifle projectile and grenade, The problem lies
in the trajectory angle. In order to reach maximum grenade range,
the rifle/launcher weapon system has to be elevated to approximately
40 deyrees., Unfortunately, this also gives maximum range for the rifle
projectile which has about 6-7 times the range of the grenade, In effect,
the rifle projectile goes long past the intended target into an unknown

or unintended region.
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DISCUSSION
A, The Concept:
The study discussed in this report emanated from & concept generated
at ihe US Army Weapons Command in mid 1970, The proposed idea advocated

¢loga integration with and utilization of the rifle mechanism for the

LY Bt i o P0 i IU RRHY N  L B i 2 o e g

dezign of the grenade launcher, Figure 6 shows the concept concerned.

The mode of operation is as follows:

£ s TR AAZEADY

1. A selector switch on the riile stock is used to select either ;
the area fire (grenade) or point fire (rifle) mode of operation. §
2. When the area fire mode is selected, a valve system is turmed, %
via linkages, so that the grenade gas port is uncovered, §

3. A magazine preiwaded with two or more grenade projectiles
has been attached to the grenade recciver, The initial barrel position
aliows for alignment ¢ the gas ports,

4., To fire the gc:nade, the rifle trigger is pulled and & standard
ball rifle cartridge is fired, As the rifle pr¢jectile passes the grenade

gas port, the expandirg gases flow into the launcher chamber behind the

forward grenade projcu:tiles. Thie provides for launch of tl:e projectile,
5. The grenade firing impulse causes the barrel to shear a retaining
1ip and allows the bsrrel to set back to its rearmost position. This :

movement closes off tne forward gas port and uncovers the rear one. The

200 A 2 BRSO 40 Tt Nl L U AL By B ol g AT 0 ¥ na Nl e 20

second round could tien be immediately fired by pulling the rifle trigger

again and firing another rifle cartridge.
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6, When

the point fire mode is selected, the rotating valve closes

off both grenade gas ports Therefore, when the rifle is fired, only a

rifle projectile exists the bore.
To support the concept, a mathematical analysis was undertaken in
wid 1971 for determining the theoretical feasibility of the approach,

This approach is discussed in the next section,
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3. The Mathematical Analysis:

The detailed mathematical analysis undertaken to determine feasibility
of the approach consisted basically of an interior ballistic program.

The analysis was performed on a simplified design rather than the multi-
shot concept criginally conceived. Figure 7 is a schematic representation
>f the math model., The analysis considered in-bore time, grenade position,
srenade muzzle velocity, launcher bore pressure, rifle bore pressure,
crenade frictional forces, resultant grenade forces, and net grenade

e impulse. The program also examined grenade barrel length, grenade
Lore diameter, chamber volume, gas port diameter, number of gas ports,
srenade weight, aad gas efficiences, A list of some of these parameters
:aa be noted in Table 1, A printout of the program can be noted in
Lppendix A,

Based on the in, it characteristics, the feasibility of ea‘'h set of
~ditions was determined primarily by the resulting muzzle velocity.
Jlase coordination was maintained between the design engineer and the
.;.alyst so that exercise of the math model would produce design parameters.

The above list of characteristics include not only input values

v% also outputs. The determination of the values for the inputs in

same cases were obtained from experience plus existing systems, However,
‘¢ some cases speciai studies had to be vrun. The value for the grenade
:n~bnre time was obtained from a pressure-time curve for the 40mm round.
IThe grenade position was one of the values calculated in the program
~5 was the grenade muzzle velocity. The launcher bore pressure was a

{(tCrtinued on page 18)
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TABLE 1
INPUT CHARACTERISTICS FOR MATH MODEL ;
Input information for gas launched grenade firing fixture %
1. Length of Rifling: 5,85 in,
2, Port and tube diameter - ,091; Port and tube length - 4,13
3. Initial volume:
a. Tube .0256 in3 (tube diameter .091, length 3,96)
b. Projectile skirt: 129 in’ :
c. Total of a and b: 156 in> :
d. Initial volume for various linear components of volume {includes ?
3c above)

(1) 0 in.™ .156 in>
(2) .16 in. - .188 in’
(3) .125 in - .410 in>
(4 .250 in. - .664 in3
(5) .375 in. - .919 in3
(6) .500 in - 1.173 in3

(7) .625 ian - 1.427 in

4, Length of free bore., (Initiation of rifliing is used as referei.ce

point.

Positive sign indicates engraving).

- .130 in,

- .062 in,

.000 in,

+ ,062 in,
+ ,130 in, (
L w3< :
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calculated figure based on in-put rifle gas pressure, gas efficiency, and

volume considerations. Values for the rifle bore pressure were obtained

% from M16 P-t data obtained from Frankford Arsenal. The P-t curves were for
i

iﬁ a series of positions down the bore of the rifle which gave a collective set
% of data for each rifle shot, A P-t curve was selected whose position nearly

proximated the location of the grenade rifle port, These data can be found
in Frankford Arsenal Report Number R-2066, "Study of the Pressure

Distribution Behind the M193 Projectile When Fired in the M16 Rifle

b

&

=
K

2
i
s

Barrel” dated January 1973, The net grenade muzzle impulse along with
the resultant grenade forces were calculated figures. One major
factor effecting these values was the in-bore frictional forces. In
order to determine these, a special study had te be run, A force-

distance curve was generated for the projectileg as they were pushed

through a 40mm barrel. Two typical curves for the engraving and
frictional forces can be noted in Appendix E, 1In Figure 9, the two

high initial peaks represen:t engraving of the two rotating bands.

The cross head on the Instron Test Machine was run at speeds of .2

in gin. In Figure 10, the cross head was run at 20 in/min. The high
speed was used to simulate high rates of loading experienced by the
grenade when fired. Even though the test machine speed was quite iow
compared to the actual conditions; it did give some insight into the
effects of loading as a function of speed. Generally speaking, as the
loading increased, the peak values decreased. This ranged from 950 1lbs

down to 600 lbs for loading vates of .2 in/min up to 20 in/min respectively,
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Additionally, as the rates increased, the initial peaks smoothed out,

This can be seen by comparing Figures 9 and 10, In Figure 10, the second
major peak probably arises from a constriction in bore of one form or

another. Ir additicn to indicating the force/distance curve for engraving
forces, it also could serve as a histogram of the bore diameter and conudition
over its entire length, The very last peak is at the muzzle end of the

barrel indicating projectile ejection, The resulting curves were approximated
by best-fit straight-line-segments for use in the computer program. A

by-product of the engraving test was the production of pre-engraved XM387

projectilec for use in subsequent testing of the firing fixture. !
One of the listed parametric inputs is the number of gas port: used,

This pertained to grenade ports and the option to vary the number was

put in the program due to the uncertainty that was associated with the

volume of gas that might be needed to successful.y operate the mechanism,

As it turned out, only one gaa port was required. The last significant

feature to be discussed on the input values was the value for gas efficiency.

A math model for automatic weapon gas system was modified and tailored to

the needs of the grenade system, The basic model is recorded in WECOM

Techrical Report No. RE Tk-71-80, dated Juue 1971, author - Mr Curtis

D, Johnson, The purpose cf the gas model was to determine the gas flow

and pressures seen at the base of the grenade projectile after the gas

passed through the grenade gas tube. In basic terms, the grenade's actions

are quite similar to that of a gas piston in a conventional gas system and

was treated accordingly.

19 255<
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% C. The Design:

g The assembled firing fixture can be noted in US Army Weapons

? Command Drawing No. 71D21503; Appendix F. The drawing shows only

the launcher assembled to a modified Mi6 barrel. For purposes of

Ay
NGRS

é testing, this assembly was then in turn assembled to a standard
z M16 Rifle receiver. The launcher was positioned on the M16 Rifle
éi so that the launcher did not interfer with the original shape of
f the Ml6 gas tube, This dictated that the M6 be layed on its side;
ff so to speak, However, it was positioned such that the ejection
%? port was facing upward when the launcher was in the firing position,
f; This facilitated filming of the Ml6 ejection port. It should be
Sg noted that there is only one moving , art on the launcher and that
25 is the barrel.
;j Ia drawing number 71D21508, a standaerd M16 Rifle barrel was
é\ modified as shown. Also depicted are several changes that were
_?: made to the barrel as testing proceeded, The first was to move
25 the ,093 + ,001 <iameter grenade gas port 2 inches closer to the
i— rifle chamber, The other major change was tc machine a .166 + .001
% long by ,093 wide slot in the existing grenade gas port. Both
.i‘ modifications were performed to increase the grenade gas pressure,
5? The 40mm grenade barrel is shown in drawing number 71D21509, It
?2 was modified from an existing aluminum 40mm barrel, BRut due to a
i; lack of original material on the grenade barrel, a steel sleeve
%; (no. 71D21512) was required to provide a sufficient threaling
3 <6< 20
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surface., The outside of the sleeve had punch marks on it to assist
in adjusting the initial volume of the launchexr. This was performed
by merely screwing the sleeve either in or out depending upon a
predetermined volume requirement. This was detzrmined by knowing the
pitch of the thread and the area of the chamber, Loading the launcher
was performed by fully unscrewing the barrel and inserting a grenade
projectiie (Figure 5). Minimum initial free volume was achieved by
turning the loaded barrel in until the projectile base contacted the
breech insert; No, 71D21505. The insert was contoured to fit the
projectile's base to assist in obtaining minimum free volume. The
ingert also hed provisions for accepting "0" ring seals, The seals
were used in the initial testing to determine the effects of obturation.
However, during a major bulk of the testing, the outer ring was
removed but tke inner one retained. No detrimental effects could
be observed for this condition.

Part No. 71D21510 was used to seal off unused gas ports,
During the course of the testing, sometimes it was desired that

either the M16 or grenade port be sealed off. This is when the

part was used,
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D, The Test:

In conjuniction with basic testing of the concept for determination
of feasibility, several other side line activities developed. One
such effort was that dealing with the effects due to engraving. As
the test records will show, three basic projectile configurations
were considered; no rotating bands, pre-engraved, and standard
unengraved projectile, They were tested in the listed orda2r so
as to work up to the worst~-case condition. This precaution was
taken even in light of the ini%ial analysis which indicated the
system was safe., At the lower pressures and velocities, there
was & marked difference in performance between the pre-engraved
and standard, But, as the pressures and velocities approached
levels which were consistent with other standard grenade systems,
the difference between the two types of projectiles decreazsed to
a low value. 1In fact, to reduce the frictional and engraving

forces to a minimum, fired projectiles were caught in a barrel
of rags just beyond the velocity coils and were then in turn
used over again.

4 secondary study undertaken during the course of the L_esting
was obturation of the projectile., There were eight basic configurations;
standard and pre-engraved projectiles, with an "0" ring, with grease,
and with a plastic dip, The "0" ring was obtained from the hagh
velocity 40mm grenade projectile which is used for waterproofing.

The greased rounds used 3 silicone, high temperature grease which

<8<
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was rubbed arcund and in the rotating bands. The plastic cocated
rounds were dipped repeatediy in a liquid urethane to buiil up a
coating, This was done to reduce the clesrance between the rotating
bands and the rifling grooves, The test results in Appendix C show that
of the various methods of sealing, the urethane dipped proiectiles
verformed the worst., The performance between the grease and the "O"
ring were comparable., Additionally, the two just meationed obturation
methods gave improved results over the standard coudition., RKowever,
the last few rounds that demonstrated feasibility were shot without
the aid of obturation devices, It was one ot jective of the test to
prove feasibility without the aid of other costly features or devices,

To back up the instrumentation, the testing was also filmed
at 3500 frames per second. The qualitative nature of the obturation
effects were correspondingly recorded, Additionally, a 40mm, M79
Grenade Launcher was filmed in a like manner, The lack of obturation
on it was quite surprising, This was evidenced by the quantity of
propellant gases blown by and preceding the projectile,

One of the requirements of the test ‘'as to record the muzzle
velocity of both the rifle and grenade or each shot., To do this,
special instrumentation used for recording machine gun velocities
was required, This allowed for recording the mzzle velocities
of both projectiles for each shot, Two sets of velocity screens

were used with this equipment. Firing records for initial portion

<3<
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of the test can be noted in Appendix D.

Selecting round number 149 f£rom Appendix C as a sample round,

pressure/time curves can be seen in Figure 8, The top curve is

b s e e reae w s

for the gas pressure measured in the ML6 barrel directly over the -
grenade chamber pressure, The calibration of the top is 10,000

psi/ce on the vertical scale and 0.5 mil 1seconds/cm on the

horizontal, The grid pattern are ere cm squares. The lower

curve calibration is 500 psi/cm on the vertical and 0,5 milliseconds/cm

on the horizontal. The peak values are approximately 18,000 psi

for the rifle bore pressure and 1900 psi for the grenade. These

pressures produced a rifle muzzie velocity of 2928 fps and a

grenade velocity vf 225 fps. A standard projectile was used with

0.188 in3 free volume, The previously described slotted gas port

was used in conjunction with a .166 diameter grenade gas tube,
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Pressure/Time Curves for Rifle Barrel and Launcher Chamber

Figure 8
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C FEEE L LSS E RS L LS LS EE S SR EE SRS LR LR R LRSS LS KSR LRSS SR A SR KBRS R ES S é
c . * :
c *  FEASIBILITY STUDY OF GRENADE LAUNCHER CONCEPT FOR R. DUNCAN * ;
c * * :
C SEEE LSS LSS LR AR SR A KRR S SRR SR L A B ERE R LA XS SR PSR RS LR VSV XSS 3SR SRS %% i
C
Cc

i ALY

L3

COMMON/RINPT/TMIN TMAX: DT P (100) + XCNG(50) 4 FCNG(S0) yRT?,RTA,
TK{12), TPRATM{12) o TYMAX(12) ;DT ,DTMIN,DXMA; ,EPS,
OTPRNTBLI2OLNCH,VOLI ¢PORTD ¢ XOI ¢ WGRENJRKoEFF STRTF,
TMAXC » GAMMA
CGMMON/RCALC/BLTH, DPORT s YMAX s YSLOPE ¢ PRATM,PLL yRTGMASS o ALNCH,VOL »
1 WGASyFF1,PBlsDTSV,NEST,RTEST
COMMON/XKINET/XeVoAyRESTIMP, T
COMBON/ INPT/NPRESyNFRICoNTABy I TMAX,NPORTS+ISTART i
COMMONZICALC/IT,LINES 3
EXTERNAL PRESBJIPRESLsFRIC :
10UT=6 z
6=32.2
PI=3,141593

1000 READ{S5,s90Cs END=10) ICNTRL
60 TO‘ 1' 2' 3' lO, 5' 6)' ICNTRL

P TR P b

W N e

ST TR 0,

READ PRESSURE GATA

[aEaXg

4o bt

1 RSAD(5,901) NPRES, TMIN, THAX,DTP
READ(5,902) (PiJ)sJ=14NPRES)
DO 11 J=1,NPRES
PLI)=PIJ)414.T
11 CONTINUE i
GO TO 1000 i

Z!
2
s
?
£

READ FRICTION DATA

(2N aXe)

2 READ(5,900) NFRIC
READ(5+902) (XCNG(J1,J=1,NFRIC) ‘
- READ(5,902) (FCNGIS)sJ=1,NFRIC) :
00 21 J=1,NFRIC ,
I XCNG(J)=XCNG(J) /12, :
; 21 CONTINUE ;
GC TO 1000 ;
El

READ GAS DATA

OO

2 ) 3 AREAD(5,901) NTAB,RTP,RTA,GAMMA
E READ{5,903) (TK{J),TPRATM{J),TYMAX{J),J=1,NTAB)

GO TG 1000 ;
READ NUMERIC DATA :

(2N o Na)

4 READ(59901) ITMAXsDT+DTMIN,DXMAX4EPS+DTPRNT, TMAXC
DXMAX=DXMAX/12.,
OTSVE=DY
GO TO 1000

READ GUN DATA 33<

S READ(5,902) BLI,DLNCH,VOLI,PORKTD X0l yWGRENyRK,EFF
READ(5,900: NPORTS, ISTART
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933
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10

8LTH=BLI/12.
X0=X01/12.

CALCULATE DIAMETER OF EQUIVALENT SENGLE PORY

DPORT=PORTO*SQRT(FLOAT(NPORTS) )
IF(ISTART.EQ.0) GO TO S1
READ{5,902) STRTF

GO0 TO 1000

STRTF=FRIC( X0}

GO 10 1000

DT=DTSVL

CALL YPARM{YMAX, YSLOPE,PRATM,RK,TK, TPRATM, TYMAA.NTAB,12,{ER)
CALL HEAC(IOUT)

LINES=56

IT=y

A=0,

V=0.

X=X0

PL1=14.7

TIMP=0.

RES=0.

RT=RTA

GMASS=WGREN/G

T=TMIN
ALNCH=(P1/6.)*((DLNCH/25.4:1%%2)
vOoL=vOoL1

WGAS=VUL [*{0,075/1728.)
FF1=STRTF

PBl=PRESB(TMIN)

CALL PRINT(IOUT)

IF(FFl1.NE.O.) CALL START(IOUT,PRESB,PRESL)
OT=DTSVE

CALL SHOOT(IOUT.PRESB,PRESL,FRIC}
GO TO 1000

FORMAT(215)

FORMAT(11047F10.0)

FORMAT (8F10.0)

FORMAT({15F5.0)

sToP

END

SUBROUT INE START{IOUT,PRESB,PRESL)
COMMON/RINPT/TMIN, TMAXsDTP4P(100) ¢ XCNG(50) +FCNG(SO) yRTP4RTA,

1 TK(12) TPRATM{12) o TYMAX(12) 4DT,OTMIN,DXMAX,EPS,

2 DTPRNT,BLIoDUNCHyVOLI ¢PORTD ¢ XOI s WGRENRKIEFF ¢STRTF,

3 TMAXCy GAMMA
COMMON/RCALC/BLTHyDPORT s YMAX s YSLOPE o PRATM,PL]Y yRTyGMASS9ALNCH,VOL,

1 WGAS,FFlePBl- SVIWESTHRTEST

COMMON/ XKINET/XoVesAeRESy™ vy T
COMMON/ ICALC/IT,L INES
PLMIN=(FFL1/ALNCH)+14.7

IT=0

TLPRNT=T

IT=1Tel

TT=T+07

PB2=PRESBI(TT)
PBAV=(PB14PB2}/2.
PL2=PRESL{0.+PBAV,PLL)
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IF(PDIF.GT.0.) GO TO 20
10 WGAS=WEST
T=TT7
P81=PB2
FL1=PL2
RT=RTEST
FFULLIT-TLPRNT )} /OTPRNT) o LE«0.99) . AND (PDIF.LT.0.)) GO TO 15
CALL PRINTUIOUT)
TLPRNT=T

POIF=PL2-PLMIN {
!

> 15 [F(PDIF.EQ.0.) RETURN

p _FIT.GE.TMAX) GO TO 30

> IT=0

X GO T0 S

3 20 IF({(PDIF/PLMIN).GT.EPS) GO TO 25

2 PDIF=0.

% GO 10 10

= 25 CT=DV/2,

Y GO TO 5

5 30 WRITE{1OUT,930) X,T

o RETURN

=3 930 FORMAT(®0%,//95X, Y ®&xss PROJECTILS STUCK IN BORE AT X = 9,F10.7,
i 1 ' FTey T = 9,F10.7¢" SEC *sss%?)
e END

s XaKel

SUBROUT INE SHOOY(10UT,PRESByPRESLsFRIC)
COMMON/RINPT/TMIN, TMAXoDTP4P{1CO) ¢ XCNG{50) yFCNG(50) oRTP,RTAy

ficpe i

R e R s o RAARTRAT AP AT ST, it

1 TK(12), TPRATM(12) s TYMAX(12) +DT,OTMIN,DXMAX ,EPS

e 2 DTPRNT,8LI,OLNCH, VOLI sPORTN 9 XOI » WGRENJRKEFF o STRTF,
4 3 TMAXC » GAMMA

% COMMON/RCALC/BL THe DPURT » YMAX s YSLOPE 9 PRATM,PL: yRT+GMASS s ALNCHVOL
5 1 WGAS, FF1,PBLyDTSVoKESTHRTEST

COMMON/XKINET/Xe Ve AeRES, TIMP, T
COMMON/ INPT/NPRESyNFRIC,NTAB, ITMAX,NPORTS,ISTART
COMMON/ ICALC/IT,LINES
TLPRNT=T
OTCK=2.*CTMIN
FF1=FRIC(X)
10 IT=0
DXEST=VEDT+(A/2.)%DT*%2
11 IT=1T+1
IF((DXMAX .GEDXEST) cORL{DT.LT.DTCK)) GO TO 20
DT=0T7/2.
DXEST=DXEST/2.
20 TEST=T+DT
XEST=X+DXEST
PB2=PRESB(TEST)
PBAV={PB1+PB2)/2.
FF2=FRICI(XEST)
FAV=(FF1+FF2)/2.
PL2=PRESL (DXEST,PBAV,PL1)
FPAV=ALNCH®(0.5%{PL1+PL2)-14.7)
CALL ODYNAM(ACK VCK o XCKoRES:DIMPFAV,FPAV,V,X,DT,GMASS)
DXCK=XCK-X
IF((0.005%ABS(DXEST-DXCK)).GE(EPS*DT)) GO TO SO
T=TEST
v=VCK
! A=ACK .. <
X=XCK u5

> 3
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PB1=PB2
FF1=FF2
PLI=PL2
VOL=VOL I+ (ALNCH*(X-X01))
TIMP=TIMP+DIMP
WGAS=WEST
RT=RTEST
IFCLU{T-TUPRNT }/DTPRNT ) eLT2a0499) sAND { X LT.BLTH)) GO TO 10
CALL PRINT(IOUT)
TLPRNT=T
IF(X.GE.BLTH) RETURN
IF{V.LT.0.) GO TO 70
IF{T.GE.TMAXC) GO TO 80
GO Y0 10
50 IF(1T.GE.ITMAX) GO TO 60
DXEST=DXCK
GO TO 11
60 WRITE(IOUT,925) X9 T, 1T
70 WRITE(IOQUT,930) XoT
RETURN
80 WRITELIOUT,935)
RETURN
925 FORMAT("1'9////+5X+*FAILURE TO CONVERGE AT X = *4Fl0e7¢* FTy { = ¢
19F10e79* SEC IN "914,° ITERATIONS**s**EXECUTION TERMINATED?®)
930 FORMAT('0°,//7,5Xy ' *%2%x PROJECTILE STUCK IN BORE AT X = *,F10.7,
1 ' FTy T = "4F10.7y7 SEC #%%x%x?)
935 FORMAT(®0%,//,5X, *#%%%x MAXIMUM CALCULATION TIME EXCEEDED #*#%%%?)
ENO

[aXaX gl

FUNCT ION PRESB(T)
COMMON/RINPT/TMIN, TMAX,DTP,P(100) , XCNG(SC)} »FENG(50) ,RTP,RTA,
1 TX{12)s TPRATM(12) s TYMAX(12) +DT+DTHINDXMAXHEPS
2 OTPRNT,BL T DLNCHy VOLI s PORTD y XOI  WGRENRKHEFF ,STRTF,
3 TMAXCy CAMMA
COMMON/ INPT/NPRES NFRICNTAB, I TMAXyNPORTS I START
IFL(TGT o fMAX) D2 [TLLT.TMIN)) RETURN
JTR2=INTI{T=-THIN}/OTP )+1
- IU=3T241
b PL=P{JT2)
PRESB=PLH{L{PILIYI-FLISDTP )X (T-TMIN~-{DTP*FLOAT(JT2~-1)}))
RETURN
END

FUNCTION PRESL (DXEST+PB8ORE,OLI)
COMMON/RINPT/TUINy TMAXyDTP,PL1GC0) ¢ XCNGI50) +FCNG(S0) »RTP,RTA,
TK(12), TPRATM(12) TYMAX{12) DT +OTMIN,OXMAXHEPS,
ODTPRNT+BLIoDLNCHyVOLL»PUORTD ¢ XOI ¢ WGRENsRKyEFF 9 STRTF
K TMAXC, GAMMA
2 COMMON/RCALC/BLTHyDPORT 9 YMAX YSLOPE yPRATMyPLL oRTsGMASS9ALNCH,VOL »
¥ 1 WGAS,FF1yPB1yDTSVWEST,RTEST
E POIF=PBORE-PLI
APDIF=ABS{POIF)
S PRAT=APDIF/AMAX1 (PBORE,PLI)
3 IF(PRAT.LT.PRATM) GO TO 20
= 36< YrYMAX
' ‘ GO TO 30
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20 Y=1.+YSLOPE*PRAT
30 VOLAV=VOL+((ALNCHeDXEST)/2.)
IF(PDIF.LT.0.) GO TO 35 *
IF(PDIF.LT.0.) GO TO 35
VSP=RTP/ (144 .#PBORE) *
VSPzRTP/ (144 .%PRBORE)
GO 10 37 *
G0 70 37
35 VSPa2VOL/(1728.%WGAS) *
35 VSP=VOL/ (1728.*WGAS)
37 W=0,525%Y* (CPORT##2)*SQRT{APDIF/(RK*YSP} ) DT
IF(PDIF.LT0.) W=-W
50 EFFW=EFF*W
WEST=WGAS+EFFNW
VOLEST=VOLAV+({ (ALNCH*DXESTi/2.)
RYEST=(RT*WGAS+RTP*EFFWI/WEST
C PRESL=PLI*({ { (WEST*VOL)/{WGASEVOLEST) ) #¢GAMMA) x
PRESL=PLI*(((WEST*VOL}/{WGAS*VOLEST) ) #$GAMMA)
RETURN
END
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FUNCTION FRICI(X)

COMMON/RINPT/TMIN, TMAX,DTP,P{1C0) s XCNG(50) +FCNG{S0) yRTP,RTA,
TK{12)s TPRATM(12) 4 TYMAX{12) DT +DTMIN,OXMAXEPS,
DTPRNTyBLIoyDLNCHoVOLI oPORTD 9 XOI s HGRENRKLEFF o STRTE,
TMAXC 9 GAMMA

COMMON/RCALC/BLTH,DPORT+ YMAX ¢ YSLOPE s PRATMsPLL «RTsGMASS o ALNCH,VOL

1 WGAS s FF1yPBLlyDTSVIRESTL,RTEST

COMMON/ INPT/NPRESyNFRIC)NTAB+ I TMAX9NPORTS,ISTART

FRIC=0.

IFIIXGTBLTH)ORe({XeLT40s)) RETURN

00 5 K=2,NFRIC

JF2=K-1

TIF(XCNGIK)«GE«X} GO TO 10

;= : S CONTINUE

i § 10 [u=JfF2+1

FL=FCNG(JF2)

XL=XCNG(JF2)

FRIC=FL+#({(FCNG{IU)~-FL)/Z(XCNGLIU)=-XL) ) *({X=-XL))

RETURN

END
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SUBROUTINE DYNAM(AC,VEL,PUOS,RES,DIMP,FAVFPAV+V,XsDT,GMASS)
RES=FPAV~-FAV

1F( (RES.LE.O.).AND‘.(V.LE.O.;) RES=0.

AC=RES/GMASS

VEL=V+{AC*DT)

POS=(AC/2. )5 (DYT*%2) +(VEDT ) +X

DIMP=RES*DT

RETURN

END
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3 SUBROUT INE YPARM{YMAX, YSLNPE s PRATM \RK ¢ TK o TPRATM: TYMAX JNTAB,NM 4 IER)
Z DIMENSION TK(NH), TPRATMINM) , TYMAX(NM)
E 1ER=-1
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IF{{RKSGE«TK(1))AND.(RK.LE.TK{NTAB))) GO YO 5
WRITE(64900) RK
900 FORMAT('0',T5,'RK = ", T10,F642,T18,*'; THIS VALUE JS OQUTSIDE THE RA
INGE OF THE TABLE')
RETURN
S VO 10 K=2,NTAB
KUP=K
IF(TK(K).GE.RK) GO TO 15

10 CONTINUE

15 KL=KUP-1
TKL=TK{KL)
POR=(RK~TKL)/{TK(KUP)-TKL)
PL=TPRATM(KUP-1)
PRATM=PL +(POR* {TPRATM(KUP)-PL) )
YL=TYMAX (KL)
YMAX=YL ¢+ (POR* ( TYMAX(KUP )-YL))
YSLOPE=(YMAX-1.)/PRATM
1ER=0
RETURN
END

Ao

SUBROUT INE HEAD(I0UT)
COMMON/RINPT/TMIN, TMAX,DTP,P(1C0) s XCNG(50) yFCNG(50) +RTPRTA,y

1 TK(12)s TPRATM(2) » TYMAX(12) +DT+OTMIN,DXMAX+EPS,

2 DYPRNTyBLIoDLNCHyVOLI¢PORTD » XO1 9 KGRENRKIEFF 9 STRTF

3 TMAXCyGAMMA
COMMON/RCALC/BLTH,DPORT, YMAXs YSLOPE s PRATNM,PL1 +»RT+GMASS» ALNCH,VOL,

1 WGASsFFLPBleDTSVeKESTHRTEST

COMMON/ INPT/NPRESyNFRICyNTAB s ITMAXoNPORT Sy I START
WRITE(IOUT,9G0)

WRITE(IOUT,901) NPRES,TMIN, TMAX,DTP

WRITE(IOUT,902) (P(J)eJ=14NPRES)

WRITE(IOUT,903) NFRIC

WRITE{IOUT,904) (XCNG{J)yFCNG(J)+J=1sNFRIC)
WRITE(IOUT,905) RTP,RTA, YMAX,YSLOPE+PRATM,NTAB
WRITE(IOUT,906) (TK{J),TPRATM(J) TYMAX(J]},J=1,NTAB)
WRITE(IOUT,907) DT,DTMIN+DTPRNTyDXMAX,EPSyI TMAX, TMAXC
WRITE(IOUT,908) BLI,WGRENyDLNCH,RKyVOLI,EFF,PORTD+ISTART,NPORTS,
1 STRTFyX01

900 FORMAT(T1'4//7,T32, 542X %E Rk REXXKXEXEEXEFEXERRRBBRREREXEEERERLRE
1enkberakebkbarrhhkx?, /,T732,9%¢,T98, '%%,/,T32, % FEASIBILITY STU
2DY OF GRENADE LAUNCHER CONCEPT FGR Re. DUNCAN *0,/9T73247%*,T98, **
39,/ 9T 329 V¥ EXAXEXIXEXAXXRRXEERUERFERE R XXX SR EXR S ER R R AR XXX SRR KRR KK
LELRRkEXRX%Y, // /)

901 FORMAT(0', 760y *PRESSURE DATAY,//+T104*NPRc3 = "9T18413,730,°'TMIN
1= *4T37,F10.8,T48,*SEC'3T60,*TMAX = "4 T6T79F10.8,T784°SEC*,T90,°DTP
2 = '3T964F10.8,T107,*SEC*+//+T752,*RIFLE BORE PRESSURE (PSIA)',/)

902 FORMAT('0'y5X,8F15.1)

903 FORMAT('0',y//yT54,'FRICTION DATA'3//4TS54'NFRIC = *9T639124//7+T19,
L0ET s T284*LB,T39,'FT ', T4B, LBy T59 'FT"4TO8,'LBYyT79,°'FT*,T88,°'LB
2'9T99,*FT',T:08,°LB"y/.

904 FORMAT (0% T15¢FTe%yT25¢FT02¢T359)FTab9T45+FTe29T554FT049T654F762y
LTT7S54FT7e49T8B59FT7e29T95¢FT7449T105,F7.2)

905 FORMAT(*07¢//+T7574*GAS DATA® ¢/ /+T154'RTP = *4yT214FB41,T35,°RTA =
LoT4lyFlalsT54y*YNAX = 3 TO614F5.3,TT2,°YSLOPE = ",T81yF643,T92, *PRA
2TM = Y3T100,F5e397/4TO0,'NTAB = "9 T67+003¢//+T99*'TK*yT17, *TPRATM?,
3T27 ' TYMAX® ¢ T39, " TK® 3 T4 T, *TPRATM y TST o *TYMAX® ,T69, *TK*,T77 4 *TPRATM
4 yTBT*TYHAX® ¢ TG99, *TK*y T107, *TPRATM® ,T117,*TYMAX,//)

906 FORMAT{'0® ¢ T70F0aleT17¢F6e34T2T9F6a34T374F6a1:T47,F6.3,T574F643,
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1T67 1 F6elgTITyF6.39TBT1F6e39T974F3e1sT107+F6e3,T1174Fb6e3)

907 FORMAT(0%¢//+T59, "NUMERIC DATA',//4T24'0T = *,T6,F10.8T179*SEC?,
IT23,'0TMIN = "3 T31,F1lCeByT42,'SEC*, T49, 'OTPRNT = *,T58,F10.8+T769,

, 29SECY 4 TT76, 'DXMAX = 3 T84,F10.,8,T95,'FT?,T101,'EPS = *,T1074Fl0.8,

: 37120, Y ITMAX = *,T128,14,//,T50,'TMAXC = *,T58,F10.8,T769,*SEC?)

908 FORMAT('0%¢//sT61,'GUN DATA',//,T2G, 'BARREL LENCTH = 9,T36,F5.2,
1T424 IN' o T7S, *GRENADE WT = *,188,F5.3,T94,'LB",//,¥20,'B0RE DIAMET
2ER = 3T 369F5e29T42,"MM?',T75,'RESTISTANCE COEFFICIENT = 9,T100,F5,1
34779720, YCHAMBER VOLUME = *,737,F5e3,T43,CUIN*,T75,EFFICIENCY =

; . 4 Y oT88¢F5¢39//,720,'PURT DIAMETER = ',T369F5639T42+'IN*,TT75*ISTAR
] ST = *,T84e114/7,T20, "NUMBER OF PORTS = *,T38,11,T75,'SHOT START FO
6RCE = *,T94,F5¢1,¥100,'LB*,//7,T20,'INITIAL GRENADE POSITICN = *,
. TT4ToF6.3,T5&,IN?)
RETURN
END
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: SUBROUT INE PRINT(IOUT)
E COMMUN/RCALC/RLTH,DPORT s YMAX s YSLOPE ,PRATVM,PLL 4 RTyGMASS»ALNCH,VOL,
> 1 WOAS+FF1ePBLsDTSVeREST,RTEST
¥ COMMON/XK INET/X9VeApRESyTIMP, T
COMMON/ICALC/IT,LINES
TWRITE=1000.#7
XWRITE=12.%X
IF{LINES.LE.55) GO 7O 45
WRITE(IOUT,915)
LINES=0 ;
45 WRITE(IOUT,920) TWRITEXWRITE,)VyPLL4PBLsFFL RESoTIMPHRT,LIT
LINES=L INES+]
915 FORMAT('1? T4y *TIME 'y T12, 'PUSITION®,T24,'VELOCITY®,T37,*LAUNCHER?,
1TS1o"RIFLE PRES?' e T66y'MAXe FRIC. "9 T8B2+ "RESULTANT®,T95, 'NET IMPULS
2E* 3 T109*LAUNCHER RT*yT126,*ITER ¢/ 4T3, (MSEC) *9T14»?(IN)* T25,*(F

2o
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kS IPS)?, T35, PRES, (PSIA)®»TS3,Y(PSIA)'sT66,'FORCE (LB} '9yT824'FGRCE (

& LLB) Y9 T96y* (LB-SEC)*y TIN9, " (FT-LB/LB) *,27/)

= 920 FORMAT(' 9T 24FTe4yT1l19FB8e49T264FBe3¢T37)FBe29T524F9.29T66,FB.2y

{ 1T829F9.29T969FBe4eT110+F9:.147T126413) g
3 RETURN :
s END g
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APPENDIX B

TEST PROGRAM REQUEST

1. Material to be tested: Grenade Launching Firing Fixture,

Drawing No. 71D21503.

2, TPR-SAL-71-1I-021

3. Project Authority: DA Project No. 1W5626044621-01

4. Expenditure Order Number: 553103

5. Test Installat.cn: Test and Evaluation Branch, Rock Island Arsenal
6. Objectives:

a. To determine feasibility of using propellant gases bled from
point fire bore to launcn grenades from a separate barrel.

b. To determine the effect of launcher on mechanical functioning
of ML6AlL Rifle,

=4 ¢. To determine rifle bore pressure at launcher gas port, and to
g determine velocity of rifle projectiles when launchiag grenades.

\F o2
v

nEi

d. To determine grenade launcher chamber pressures and to determine
velocity of grenades.,

2 .
g ATk

e, To determine recoil and noise levels of system when launching

5 grenades,

3 7. Material for Test:

f a, Grenade Launching Firing Fixture Drawing No. 71D21503
5 b. 40~m, XM387; 10 rounds

s c. 5.56mm, M193; 58 rounds

i

s d. 40mm inert projectiles pulled from XM387, 38 rounds
;' e, lumaline screens

:

3 f. chronograph

=
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8. photogranhic equipment

h., pressure measuring equipment

i. depth micrometer 3-4 inch

j. decibel level recording equipment

k. recoil level recording equipment

1, one M79 Grenade Launcher; one M16Al Rifle; one M16Al Rifle
with M203 Grenade Launcher,

8. Description of Test:

Ex a., Test set-up 8.(2)(a), (b) and (c) will be photographed and

2 - subsequent set-ups as designated by the test engineer. This will include
> still photographs plus high speed movies. High speed movies will be made
. on ~renade firing only.

23

8 b. Velocity records will be made of each projectile fired except

- where noted.

3 c. Pressure-time curves will be recorded for all firings except

b where noted.

ES d. All firings will be performed in semi-automatic mode,

-

e e. Firing schedule: (To be paerformed in the sequence noted below)

£ : (1) Launcher Comparison Subtest:

; ; (a) Use one M79 Grenade Launcher, one ML6Al Rifle with

. M203 Grenade Launcher, and one M16Al Rifle. ;

E: ; !

- (b) Fire five rounds of XM387, 40mm ammunition through i

E both the M79 and the M16/M203, Fire five rcunds of M193, 5.56mm :

E ammunition through the M16Al Rifle, '

:; (c) Measure the recoil force at the butt plates, noise,

3 . and muzzle velocity of each round.

’ (2) Initial Check Test:

i

§ f (a) Rifle gas port closed. Grenade gas port closed.

5 f

i
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1. Grenade launcher removed from rifle. Rifle bore

sighted.

;: 2. Fire five rounds., Measure pressure at grenade
' gas port cn all five rounds. Measure noise and velocity of first and
second rounds only. Retain target.

(b) Rifle gas tube connected to rifle, Grenade Launcher
removed from rifle,

1. Grenade launcher gas port closed. Rifle bore
sighted.

2. Fire five rounds, Measure pressure on launcher gas
port on all five rounds, Measure noise recoil and velocity on first and
second rounds only. Retain target, Observe functioning of rifle mechanism.

(¢) Rifle gas tube connected to rifle, Grenade lauucher

attached to rifle,
g 1. Grenade launcher port open, Rifle bore signted.
; 2. Fire five rounds of M193 ammunition, Measure
E pressure at launcher gas port on all five rounds, Measure noise, :ecoil,
: and velocity on first and second rounds only. Retain target. Observe
3 function of rifle mechanism,
2, (3) Soft Catch Projectile Subtest:
;l NOTE: Rifle Gas Tute and Grenade Launcher Assembled to
N Ml6 Rifle.
5 ‘a) Loa. .gpdified 40mm projectile with front of projectile
3 flush with & zle of grenade launcher barrel. Fire one round. Measure
k- pressures at rauncher gas port end chamber. Also measure noise, recoil,

and muzzle velocities of both the grenade and 5,56mm buliet.

(b) Load modified 40mm. projectile with base of projectile

-; seated agai..st receiver insert, Fire one round, Measure pressure at
& launcher port and chamber, Also measure noise, recoil, and muzzle

. velocities of both the grenade and the 5,56mm bullet.

£ (4) Launcher Variable Volume Subtest:

A (a) Gas Tube and launcher attached to Mi6,

z 1. Load grenace launcher barrel drawing no. 7iD21509

3 B-4
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NOTE: Loading sequence for grenade launcher barrel,

P SR SR R YRR ST 4

dhke

a. Hold grenade launcher barrel horizontal, insert
grenade into chamber and into contact with rifling, Use no force.

e

K57 MY

b, Screw barrel into receiver dwg no. 71D21504
. until grenade bottoms against receiver insert drawing ne. 71D21505. Do

n
>

e

2. Fire four rounds.

not force,

. ¢. Withdraw (unscrew) grenade launcher barrel ten
. full turns to give .625 inches linear component of chamber volume.

s ;

3. Measure pressure at launcher gas port and chamber

on all rounds,

4. Measure muzzle velocities af both the grenade and

; bullet on all rounds,

2+ Measure recoil and noise on first two rounds.

? 6. Record perfcrmance of ML6 Rifle.

‘ (b) Repeat (4)(a) atove except as noted below:

" 1, Withdraw (unscrew) grenade launcher barrel eight
£ full turns to give .500 inches linear component of chamber volume,

-f 2. Fire tw> rounds,

(c) Repeat (4)(a) above except as noted below:

1l. Withdraw (uascrew) grenade launcher barrel six
full tuins to give .375 inches linear component of chamber volume.

2. Fire two rounds.
| (d) Repeat (4)(a) above except as noted below:

i. Withdraw (unscrew) grenade launcher barrel four
full turns to give .250 inches linear component of chamber volume,

i
,

2. Fire two rounds.

k2
P
=
¥

dakeld

(e) Repeat (4)(a) above except as noted below:

1, Withdraw (unscrew) grenade launcher barrel two
full turns to give .125 inches linear component of chamber volume,
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§ 2. Fire two rounds,

A (f) Repeat (4)(a) above except as noted below:

b 1. Withdraw (unscrew) barrel 1/4 turn to give ,025

i inches linear component of chamber volume,

g

: 2. Fire two rounds.

% (g) Repeat the one test of (4)(a) thru (4)(f) which

- resaslted in the highest grenade velocity, except in this test the rifle
s gas port is closed, Fire two rounds.

?; (5) Free Bore Subtest:

%

9 Load grenade into chamber and hold in contact with rifling.
3 Do not use force, Measure distance from front of projectile to face of

muzzle insert, Screw barrel into receiver until grenade contacts
receiver insert. Do not use force, Set chamber volume to that selected
in (4)(g) above.

(a) Withdraw (unscrew) the barrel two additional turms,
Using the muzzle insert dwg no. 71C21588 and kepth micrometer, push
grenade rearward .13 inches. Fire tw:s rounds,

Fid
£y
5
*4
=
'
A

(b) Withdraw (unscrew) the barrel one additional turnm,
Using muzzle insert and depth micrometer, push grenade rearware .06

i inch., Fire two rounds.

%

X (¢) Load grenade into chamber and hold in contact with

s rifling. Do not use force. Do not give grenade free bore., Fire two
+ rounds,

b3

§ (6) Variable Pre-Engraving Subtest:

3 Load grenzde launcher barrel and screw 'uto receiver uatil

grenade contacts receiver insert,

k- (a) Screw barrel in one additional turn to achieve
approximately .06 inch pre-engraving. Use hand pressure only. Set
chamber volume to that selected in (4)(g) above. Fire two rounds.

(b) Screw barrel in two additional turns to achieve
approximately .13 inches pre-engraving. Use hand pressure only. Set
chamber volume to that selected in (4)(g) above. Fire two rounds,

o e i o
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(7) Final Configuration Subcest:

45« B-6
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Select configuration which resulted in highest velocity

§ to this point., Fire four additional rounds.

% (a) Record noise and recoil levels.

s

i (b) Measure muzzle velocities of grenade and 5,56mm bullet,

(c) Measure pressure at launcher port and chamber
(d) Record two shots on high speed movies (FASTEX)

(8) Effect of Obturation Subtest:

i Use same configuration as in (7).

" e
ALt

(a) On dwg 71D21503 remove O-ring, MS 28775-60 and ring,
backer MS29774-127, Fire four additional rounds,

pis

1. Measure velocities of grenade and 5.56mm bullet.

Bhrry

2. Measure pressure at launcher port and chamber,

3

1 3. Record two shots on high speed movies (FASTEX)

§‘ i (b) On drawing 71D21503 remove all O-rings and backer rings,
& 1 Fire four additional rounds.

} 1. HMeasure velocities of grenade and 5.56mm bullets,
:; 2. Measure pressure at launcher port and chamber.

5 3. Record two shots on high speed movies (FASTEX)

g 9, Perform any uther task determined necessary to achieve objective.

e Mr R, Duncan and.or Mr. G. Reynolds will be present at all testing.

.: 10, Coordination: Testing will be coordinated with Mr R, Duncan, ext.
3 4661, The f£inal report, test records, and films will be forwarded to

us, SWERR-S-I.
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APPENDIX C
TEST RESULTS FROM THE GAS LAUNCHED GRENADE CONCEPT
PROJECTILES GRENADE MUZZLE

RD FIRED BARREL VELOCITY, £ps
NO, 5.56mm 40mm GRENADE PROJECTILE CGNDITION POSITION 40mm  5,56mm
1 M193  ~-- N/A N/A -- 3197
2 " P " " - 3173
3 n . " " -- 3199
4 1" - 1] 1" - 3217
5 11] -——- 1" " - 319;‘
6 " - " " - 3196
7 ”" —a- " " e 3215
8 1] - L1 ”" - 3190
9 " -——— " " - 3189
10 " - " " -- 3216
11 " - " " - 3219
12 " .—- " " -~ 3185
13 " XM387 No rotating bands Seated Flush NR NR
14 " n 1 " NR 3176
15 11 1"t 1" " NR 3084
16 1" 11] 1" 1t NR 3135
17 " " Pre-engraved " NR 3162
18 " 1 1] " NR 3186
19 " b Standard " NR 3146
20 " " Pre-engraved " NR 3171
2 11} XM387 1] 1" NR 3151
22 " - N/.s N/A - 3149
23 " ——- 1" " - NR
24 " - " " - NR
25 " —— " " - NR
26 " -omon 1 " - NR
27 " - " " - NR
28 M3  ~-- N/A N/A - NR
29 " XM387 Pre-engraved Seated Flush NR NR
30 11 " 11} 1" 103 3167
31 A1} 8¢ n 1" 104 NR
32 n 11 11 11 101 3228
33 " " " Backed Out 1 Turn 112 3215
34 " " " Backed Out 2 Turns 105 3210
35 " " Standard Backed Out 1 Turn 45 3189
16 n " " " 53 3207
37 1] " 11 1)) 54 3223
38 " 1" " 11] 67 3210
39 " 11] " n 67 3244
Grenade gas port moved 2" closer to rifle chamber "
40 " . N/A N/A -- 3134
41 " ——- " " -= 3162
42 " -——— 1 n —-— 3187

Standard Backed Out 1 Turn 110 MK

s T I.;e,;fﬁ;;(;f:.g Uyl m’ il a\d‘m" 3] P 3“&
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PROJECTILES GRENADE MUZZLE
- RD FIRED BARREL VELOCITY, £ps
e N0, 5.56nm 40mm  GRENADE PROJECTILE CONDITION POSITION 40mm  5.56 mm i
: 44 M193  XM387 Standard Backed Out 1 Turn 112 3172
- 45 " " " " 115 3139 :
; 46 o " " " 118 3095
5 - . 47 " " 'f " 114 3137 ’
1 48 " " ; " 110 3174
b ] 49 " " " " 111 MR
= 50 " " " Backed Out 2 Turns.106 3207
3 : 51 " " " " 116 3164 :
: 52 " " " " 109 3129 :
ks ; 53 " " " Backed Out 1/2 Turn IR 3137 :
s 54 " " " " 116 3174 :
:g 55 ”" " 1" L1} 113 3184 E
e 56 " - N/A N/A - W i
57 " -—- N/A N/A -- 3207
E | 58 " XM387 Standard w/"0" Ring Backed Out 1 Turn NR 3127
£ 59 " ——- N/A N/A -- 3115 :
| 60 " XM387 Standard w/"0" Ring Backed Out 1 Turn 130 3184 !
i : 61 ”" " 11 1" NR NR 2
3 : 62 " 11} 1 1" 135 3192 .
: 63 ” 1 1] 1L 1" 133 3170 :
o 64 " " Pre-engraved w/"0" Ring " 141 3210 !
65 " --- N/A N/A - M
E: 66 " “e- " " - 3164 :
67 " XM387 Pre-engraved w/"0" Ring Backed Out 1 Turn 149 3160
} 68 ] " " 1" 148 3187 f’
E 69 " " Standard w/grease " 147 3210 :
l; * 70 " " " " 156 3149
e 71 " " " " 157 3160
e 72 " " Standard w/urethan dip " 135 3172
E 73 " = N/A N/A - 3197
g 74 " XM387  Standard w/urethan dip Backed Out 1 Turn 138 3144
e 75 " " Standard Backed Out 1/4 Turn 125 3189
B 76 u " " " 125 3167
¥ 77 " " " Backed Out 1/2 Turn 122 3165
E - 78 " " " " 128 3170
E 79 " " " " 122 3190
k< 80 M193 XM387 Standard w/eva dip Backed Out 1 Turn 137 3134
¥ : 81 " " " " 138 3194
e 82 " " Pre-engraved w/"0" Ring " NR MR
E 83 " e N/A N/A -- 3132
8[§ ” - t 111 - NR
85 n . " n - 3187
g6 " ——- " " -~ a2
87 " - " n - 3189 :
88 " --- " " - 3212 :
89 " ——- " " - NR ,
90 " a——- " " - 3144
3 91 " - " " -~ 3142
c-3 9= :
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PROJECTILES GRENADE MUZZLE
RD FIRED BARREL - VELOCITY, fps
NG, 5.56mm 40mm GRENADE PROJECTILE CONDITION POSITION 40mm 5,56mm
92 M193 -=- N/A N/A - 3164
93 " XM387 Pre-engraved w/grease Backed Out 1 Turn 170 MR
9% " " " " 168 ®R
95 " " Pre-engraved w/"0" Ring " 169 NR
96 ” ” 11 M J 156 NR
97 " " Standard w/urethan dip " 155 MR
.\ 98 1] " 1 " 154 NR
S 99 " " Pre-engraved w/urethan dip " NR MR
3 100 " " Pre-engraved Backed Out 1/4 Turn NR 3021
@_; 101 " " 1 " NR NR
102 1" 11 " 1" 211 NR
?l 103 11 " 1} 1 NR 3099
j 104 1] (1] 1] 1] NR 3010
.f; 105 " " " " 211 2983
'}‘ 106 " " " L1 210 2969
107 " " " L H] 211 3001
;'_ 108 11] " 1] " 206 3014
> 109 " " Standard ” NR 3077
: ] 10 " 1" 1 11 198 3065
; 111 " " n ” 202 2985
‘, 112 " " " " 206 3023
% 113 " " Pre-engraved Backed Out 1/8 Turn 208 3053
114 " ” 1" 1"t 204 3079
& 115 " " " Backed Out 1/16 Turn 203 3096
%, 116 " " " Backed Out 3/8 Turn 204 3101
3 117 " " " ! MR 3070
3 s " " " Seated Flush 206 3077
e 119 " " Pre-engraved w/eva dip Backed Out 1/4 Turn 208 3132
= 120 Blank " Pre-engraved " 84 -~
% 121 " " " " 85 -
S 122 " " " Backed Out 1/8 Turn 85 ==
E: 123 " M " Backed Out 1/16 Turn 85 --
3 124 " " Pre~-engraved w/eva dip " 103 -~
125 11} " 11} " NR -
= 126 " " " " 65 -
= 127 " " Standard Backed Out 1/4 Turn NR  --
e 128 " " Pre-engraved Seated Fiush NR ~-
:Q 129  M193 " " Backed Out 1 Turn MR KR
‘ . 130 " " " " NR NR
% : 131 " " " 1] NR NR
:' 132 " " n . " NR 3075
133 " -- " " NR 3055
p 13, " -- N/A N/A -- 3110
H 135 " -- " " -= 3007
e 136 " XM387 Pre-engraved Backed Out 1/4 Turn 218 3074
& 137 " " Pre-engraved w/eva dip Backed Out 1/2 Turn 219 3081
138 " " Pre-engraved Backed Out 3/4 Turn 211 3021
- 139 " " " Backed Out 1/4 Turn NR MR
i 140 " " Standard Backed Out 1 Turn 209 3016
3 o0< C-4
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A PROJECTILE GRENADE MUZZLE
i RD  __FIRED BARREL VELOCITY, fps
= NO, 5.56mm 40mm GRENADE PROJECTILE CONDITION POSITION 40ma  5,56mm
> . 141 M193 XM387 Standard Backed Out 1 1/2 Turn 205 3081
142 " " u Backed Out 1/2 Turn 200 3084
73 . 143 " " Pre-engraved Backed Out 1 Turn 200 3120
g . VY " " Backed Out 1/2 Turn 201 3058
24 145 " " " Backed Out 1 Turn 231 2935
s . 146 " " " 229 2930
3 ’ 147 " " Standard " 222 2941
148 " " " " 222 2956
A 149 " " " " 225 2928
i 150 " " " Backed Out 2 Turns 223 2902
- 151 " " " n 224 2917
3 152 " " " " 221 2943
153 " " Pre-engraved Backed Out 1/2 Turn 225 2912
" 154 " " n " 224 2921
155 " " " 221 2956
o 156 " " " Backed Out 1/4 Turn 225 3000
3 is7 " " " " 221 289
3 158 " " " 227 2900
z 159 " " Seat Flush 221 2998
160 " n " n 213 3053
5 161 " " " Backed Out 1 Turn 227 2932
162 " " " Z 223 2956
= 163 " " " " 225 2904
A 164 " " " & 229 2956
%
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