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zones and Ml granular propellant in the lower zones, all packaged in combusti-
ble cases. Of the two chamber sizes, the larger was varied from 18800 to 26200
cm3 (1150 to 1600 in.3), and the smaller from 6600 to 13100 cm3 (400 to 800
Ln.3). The cannon length was increased with the chamber volume. Further
constraintswere applied regarding minimum and maximum peak pressures and the
uanner in which the charges would be used with the chambers. The calculations
demonstrated that the upper-zone ballistics, velocities from 509 to 826 m/s
(1670 to 2710 f/s), could be achieved using integral numbers of a single module
Eor several of the large chamber sizes, depending on the tolerance allowed
~bout the required velocities. Similarly, the lower-zone velocities from 280
to 354 m/s (920 to 1160 f/s) could be obtained with an integral number of a
second increment type, but this solution was unsatisfactory in that a large
wmber of small increments would be required. With the relaxation of one of
the original, noncritical constraints, specifically,the requirement that the
low-zone modules be fired exclusively in the small chamber and the high-zone
nodules be fired exclusively in the large chamber, the authors developed an
alternative approach, the solutions of which satisfy the ballistic requirements
and at the same time appear practicable from basic charge-design considera-
tions.
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10 INTRODUCTION

Zoned artillery charges are employed to deliver a range of ❑uzzle
velocities, which, when coupled with the allowable variation of projectile
launch angle, provide the range coverage desired by the artilleryman. Current
practice in the artillery is to ‘cutw the charge by stripping the unnecessary
upper-zone bagged increments away from the charge package so as to arrive at
the desired charge weight. This procedure is obviously wasteful of the
propellant that is not fired. Further, such current charges, being composed
of nonrigid bags of propellant tied together, do not lend themselves easily to
automated loading, a prime requirement of new howitzer systems. Programs are
now underway to change these procedures through the development of charges,
composed of a small number of rigid ❑odule types, that are built up rather
than torn down. A photograph of one such ‘modular chargen system: currently
under development for the 155-mm hovitzer, along with an in-service bagged
charge, the M4A2, is shown in Figure 1. An even ❑ ore attractive concept is
that of a ‘universal-incrementN charge, in which all of the individual

Figure 1. 155-mm, XM216, Modular Charge and 155-mm, M4A2 Charge

.
‘J.A. Lannon, S. Westley and R. Garufi, ‘Rigid Propelling Charges for
Artillery,n Proceedings of Second ARRADCOI’4Technical Conference, 28-30 July
1982 (not yet released).
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increments used to build a charge are identical. Some studies2 have
demonstrated that while this concept is attractive, restrictions imposed on
the design by various system tolerances, such as peak pressure, ❑ake it
impracticable. For example, this design is characterized by the need for ❑any
small, lightweight increments at the lower zones. In the course of examining
these solutions, the question arose whether a variable chamber volume
capability of the howitzer would render such a universal-increment or even a
two-module approach feasible. This study addresses one aspect of that
question.

At the request of the Office of the Project Manager, Cannon Artillery
Weapons Systems (PM/CAWS), a theoretical study was carried out to determine
the feasibility of a two-module charge system when fired from a 155-mm
howitzer with a dual-chamber capability. The study was conducted using
IBHVG> a lumped-parameter, interior-ballistics program in use at the
Ballistic Research Laboratory (BRL). The ❑odel assumes instantaneous (or at
least preprogrammed), uniform ignition of the propellant bed, followed by a
spacewise-averaged thermodynamic treatment of what is assumed to be a well-
stirred ❑ixture of propellant gas and particles. A simplified description of
the pressure gradient is superimposed on this solution only for purposes of
calculating the instantaneous breech pressure and the force on the projectile
base. While incapable of treating igniter-related problems or the details of
other hydrodynamic phenomena occurring during the interior-ballisticcycle,
this code is particularly useful for performing classical charge-design
studies. IBHVG has the capability to perform single interior-ballistic-
trajectory calculations, given input data for gun, propellant, and projectile
characteristics, and also parametric calculations, for which a given input
datum is varied automatically over a user-selected range. In addition, the
code will also seek to determine a propellant web or charge weight to yield a
desired peak chamber pressure, or to determine a chamber volume needed to
yield a desired muzzle velocity, given all the other interior-ballistic
parameters. For ease of discussion, the calculations are described in the
following as a series of discrete tasks, and are presented for the ❑ost part
in the order that they were requested by PM/CAWS.

At the outset, some comments are in order regarding the uses of interior-
ballistic calculations, particularly the ones presented here. The results
obtained in any study such as this are greatly dependent on the particular
code and input data employed for the simulations. Of particular relevance to
this study, we are only now beginning to understand the behavior of stick-

2S.1. Einstein, Large Caliber Weapon Systems Laboratory, USA ARRADCOM,
private communication.

3R.W. Deas and F.R. Lynn, Ballistic Research Laboratory, USA ARRADCOM

(report in preparation).
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propellant combustion#~5 one manifestation of this phenomenon being that
lumped-parameter calculated velocities are generally considerably lower than
those realizable in the gun at a given peak pressure. Studies6 are underway,
based on intuitive physical reasoning and some experimental evidence, to
❑edify the code, particularly in the energy partition and the pressure
gradient, which may correct this deficiency. But for the present it is
important to bear in mind, especially for these propellants, that the
calculations are not intended to design a gun chamber or the web of a
propellant grain for a charge. Such a design can only be realized through
coupled theoretical studies and experimental validation programs.

II. INTERIOR-BALLISTIC CALCULATIONS

A. Task A: Baseline Two-Module, Dual-Chamber Study

Ob.iective. The goal of this original portion of the study was to
investigate the feasibility of a five-zone, two-module-type charge system for
a dual-chamber, 155-mm howitzer, examined under the following constraints:

a. Gun Parameters:

Large chamber: Volume Travel
cm3 in.3 m in.

18800 1150 5.08 200
19700-22900 1200-1400 5.97 235
23800-26200 1450-1600 6.88 271

Small chamber: Volume Travel
cm3 in.3 ❑ in.

6600-13100 400-800 5.97 235

b. Propellants: Zones 1-2 Unspecified
Combustible case

Zones 3-5 M31-type, slotted stick
Combustible case

c. Projectile: M549A1, 43.o8 kg (95 lb)

4F.W. Robbins and A.W. Horst, ‘A Simple Theoretical Analysis and Experimental
Investigation of Burning Processes for Stick Propellant,n Proceedings of 18th
JANNAF Combustion Meeting, CPIA Publication 347, Vol. II, pp. 25-34, October
1981.

5F.W. Robbins, ‘Continued Study of Stick Propellant Combustion Processes,n
Proceedings of 19th JANNAF Combustion Meeting (CPIA Publication, not yet
released).

6F.W. Robbins, Ballistic Research Laboratory, USA ARRADCOM, private communi-
cation.
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d. Velocities:

[at 21 ‘C (7o ‘F)]

e. Pressures:
[at 21 ‘C (70 ‘F)]

Zone Ids f/s

1 280 920
2 354 1160
3 509 1670
4 684 2245
5 826 2710

Zone Maximum Minimum
Mpa kpsi Mpa kpsi

1 69 10.0
4 228 33.0
5 328 47.5

Additionally, the charge was to be constructed such that Zones 1 and 2, ❑ade
of one ❑odule type, were to be fired in the smaller chamber, and Zones 3, 4,
and 5, made from the second module type, were to be fired from the larger
chamber. It was the intenk due primarily to loading considerations, that the
upper zone module not be fired in the smaller chamber nor the lower zone
❑odule fired in the larger chamber. This desired solution is shown
schematically in Figure 2. The velocities are those which would yield the
appropriate range overlap between adjacent zones, and are not necessarily
unique. The minimum pressure for the Zone-1 charge is intended to lessen the
probability of projectile stickers at that zone. The pressure limit on the
Zone-4 charge is to accommodate the stringent acceleration limitations of the
M712, Cannon Launched Guided Projectile, and to some extent, the pressure
tolerance of the M483A1 family of projectiles. The peak pressure for the
Zone-5 Charge is imposed by the operating limit of the M549A1 Projectile.

Yrocedure. The following procedure was employed to complete this phase
of the study:

a. For each chamber volume 18800-26200 cm3 (1150-1600 in.3) and
appropriate tube length, the volume was varied in increments of 820
cm3 (50 in.3) to determine the web and charge weight required to
yield 826 ❑/s (2710 f/s) at 328 Mpa (47.5 kpsi) for Zone 5.

b. The velocities and pressures at quarters and thirds of these charge
weights were determined in the same chambers to assess suitability
for Zones 3 and 4. Due to handling, loading, and performance
considerations discussed ❑ ore fully below, four was chosen as a
reasonable maximum number of increments into which the top-zone
charge could be divided.

c. For each tube length 5.9’7and 6.88 m (235 and 271 in.),and for each
chamber volume 6600-13100 cm3 (400-800 in.3),the volume was varied
by increments of 820 cm3 (50 in.3) to determine the web and charge
weight needed to produce the Zone-1 velocity of 280 ❑/s (920 f/s) at
a pressure in excess of 69 MPa (10 kpsi). Single-perforation Ml
propellant, with webs in the vicinity of 0.41 mm (0.016 in.), was
selected based on past experience with low-zone propelling charges.
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Figure 2. Requested Two-Module, Dual-Chamber Solution

d.

For

For each of the solutions of paragraph c, velocities and pressures
for additional increments of thirds and quarters of the Zone-1 charge
weight were determined in the same chamber to assess suitability for
Zone 2.

the ❑ost part, the input to the code, especially that pertaining to
the thermochemical and combustion properties of the slotted-stick, M31-type
propellant, was assembled from a data base2 provided by the Large Caliber
Weapon Systems Laboratory (LCWSL) as part of a LCWSL-BRL cooperative study
comparing several ❑odular-charge zoning solutions. The length of the
propellant sticks, which will have an insignificant effect on the
calculations, was arbitrarily selected to be 25.4 cm, and the web and
perforation diameter were taken to be equal. The thermochemical and
combustion parameters for the combustible case were those used in the past at
BRL for the felted-nitrocellulose, centercore-igniter tube for the 155-mm,
M203 Charge. The physical characteristics of the combustible case, including
the admittedly low weight, were supplied by the LCWSL as part of the interior-
ballistic comparison study. Standard BRL inputs were selected for the igniter

13



data. The bore resistance data were those independently determined for the
155-mm howitzer with instrumented projectiles? The input for selected
computer runs is given in the Appendix.

fl~. The results from the calculations for this portion of the study
are displayed in Table 1 for the upper zones and in Table 2 for the lower
zones. In these and subsequent tables, the chamber volume, length of
projectile travel, propellant web, charge weight or fraction of top-zone
charge weight, peak breech pressure, muzzle velocity, and travel at propellant
burnout are given. As an example, the summary computer output from the
computations for the 22900-cm3 (1400-in.3)chamber is given in the Appendix.
The authors are fully aware that the calculated webs of the propellants and
charge weights vary somewhat from those determined experimentally in charge
development programs. The reader is referred to our earlier comments
concerning the uses of the results of interior-ballistic calculations. Some
of the results in the 19700-21300 cm3 (1200-1300 in.3) chamber range imply
solutions for Zones 3 and 4 with half and three-quarters the top-zone weight
provided one is allowed to stray somewhat from the requirements of 509 and 684
m/s (1670 and 2245 f/s). These solutions are depicted schematically in Figure
3. The calculations for thirds of the Zone-5 weight failed to produce
velocities as near the requirements for Zones 3 and 4 as did the quarters, and
thus are not listed in the table.

The calculation for the 18800-cm3 (1150-in.3)chamber was attempted, but
it would not produce the required top-zone velocity at a pressure of 328 MPa
(47.5 kpsi), no matter what the web selected. Since the design program for
the 155-mm, M203E2 Propelling Charge indicates that this velocitY can be
achieved at this pressure in this chamber, this phenomenon once again
illustrates the current inability to ❑odel the interior-ballistic process of
stick propellants adequately, as discussed earlier.

To assess the sensitivity of the results to the input data, several
additional calculations were done with different but not unreasonable
thermochemical and burning rate values, and they demonstrated that the charge
weight may”increase, along with a change in the web, by about one and one-half
pounds for the top zone. The results of the Zone-s and Zone-4 calculations
change somewhat, at the expense of ❑oving the Zone-4 velocity closer to 684
m/s (2245 f/s) and the Zone-3 velocity farther from 509 mls (1670 f/s).
However, the basic conclusions arising from the computations do not change.

The results from the Zone-1 and Zone-2 calculations are shown in Table 2.
Sample calculations for the 13100-cm3 (800-in.3) chamber are given in the
Appendix. A series of probe calculations demonstrated that Zone-1 velocity
with Ml SP propellant in a web of the order of 0.41 ❑ m (0.016 in.) could be
attained only with peak pressure in excess of 103 Mpa (15 kpsi). The results
of calculations that produced velocities within 12 ❑/s (40 f/s) of the 354-m/s
(1160-f/s),Zone-2 target are shown. For the 5.97-m (235-in.)cannonj anY of

7J.W. Evans, ‘A Technique for Measuring Engraving and Bore Frictional Forces
in Large Caliber Guns,“ Proceedings of the Ssrd Meeting of the Aeroballistic
Range Association, August 1982.

14
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CHVOL
cu.c: cu.in.

19WI 1200

?0500 1250

21300 1300

22100 1:~~

22?001400

23800 14s0

24600 1500

25400 1550

26200 1600

7R
n :0.

~,?7 ~::

5.?7 2:5

5.‘??235

5,?7 235

5.97 255

h.aO 271

b,aa ?71

b.fla 271

hoaa ZI!

Table1, Remits of Caltuldtions for UpperZones

HEB
81 in.

1.73 0. 0b8

1.$3 0.064

1.:5 0.061

1.50 0.059

1.45 0.0s7

1.32 0.0s2

1.30 0.051

1,27 fj,(jsr)

j,~4 0,049

~?

frac kg lb

4!4 12.!9 2h9a
314
~/4

4{4 12.022b.5!

314
214

414 11.932b.31

J14
~!~

4/4 !!.95 2h. Z4
:14
214

4/4 110?4 2b,33
114
214

4/4 11.4b 23.27
314
~j4

4{4 11.5!!?5.47
314
2!4

4/4 11.b3 23. h5

314
~]4

4/4 11.70 25.90
314
214

the chamber sizes considered can be used, with

Pflllx
!!P3kpsi

32a 47.5
:$? 27,2
12! !7.b

321 47,5
204 29,5
123 17,8

32a 47.5
20s 29a
123 17.9

z2a 47.3

Mb 29. q
12A lg. o

328 47.5
207 30.0
125 ia.2

320 47,5
208 30.2
12h !9,3

3~g 47.5

209 30.3
127 la.4

32a 47,5
210 30.4
pg lg,~

328 47.5
?10 30.4
12a 18.5

ba7 2233
532 1744

a three-pillet Zone

3.02
2.e4
4.k3

2.lb
2.b4
3.la

1,93

2.39
2.a2

1.78
28!3
2.51

1.42
1.70
1.93

1.35
l.bO
1.83

1 and a
four- pillet Zone 2. The solution can be achieved similarly with the 6.88-m
(271-in.) cannon, provided one acceptsa larger divergence from the desired
Zone-2 velocity. Further, approximate Zone-2 solutions can be achieved in the
6.88-m (271-in.) cannon with a four-pillet Zone 1 and a five-pillet Zone 2.
These solutions are illustrated schematically in Figure 3.

15



?ao!e2. Results of Calculationsfar Lcwer?ones

~~ !/oL

Cu.:icu.in.

13100 900

l~3rJo 754

11s00 7!)0

10700 6s0

9800 600

9000 550

8200 500

~R

s in.

5,97 ~tJ

$.E8 ?71

3.’97 235

6.80 271

5.97 23s

5.88 271

3.97 23s

6.80 271

5.97 235

6.00 271

3.97 235

b.80 271

5.97 235

6.38 ?71

ME9 Ml
m in. frac kg lb

0.394 0.0155 :/; 1.99 4.:8
4,13

0.406 o,ol&o 113,414 2.04 4.50
5/4
413

0.406 0.0!60 313 1.97 4.34
413

0.4!7 0.0164 :(5,4/4 2.05 4.51
5/4
413

0.417 0.0164 3!: 1.93 4.26

413

0.429 0.0169 313,414 1.98 4.37
514
413

0.417 0.0164 3/3 1.90 4.1’?
413

0.445 0.0175 3/3,414 1.96 4.31
3t4
413

0.445 0.0175 313 1.E6 4.11
413

0.4h2 0.0!82 :1:,414 1.93 4.26
5/4
4{3

0.462 o.o!a2 313 1.93 4.04
4/3

0.48S 0.0i91 313,414 1.9! 4.21
514
413

0.493 0.0194 313 1.81 4.00
413

0.511 0,0201 :/3,4/4 !,09 4.14

5/4
41Z

PflAX
#Pa kpsi

1!0 !!i. o
150 21,7

110 16.0
139 20.1
l~o 21.7

110 16.0
150 21.7

!!0 16.0
139 20.2
!50 2!.7

!10 !6.0
l~o 2!.8

!10 16.0
139 20.2
!50 21,8

110 16.0
150 21.E

l!IJ16,0

139 20.2
150 21.a

110 16.0
150 2La

!10 16.0
140 20.3
151 21.9

110 16.0
151 21.9

110 !6.0
140 20.3
151 21.9

110 16,0
1s1 ~1.9

110 16.0
141 20.4
152 ~zmo

VEL
a/s fls

260 W-J
357 1170

280 o~o
343 i124
Zb1 !185

~flz 925

;50 1176

~go 920
:43 ~1~4
~bl 1185

~g~ 924

350 1!73

201 921

343 !125
Zb1 1186

212 924
358 1175

281 921
343 1126
362 1!87

281 921
358 1173

N 1 92!

343 1127
362 1198

290 920
338 1173

201 ?22
344 1128
363 1190

281 92!

3s8 1175

230 9!9

343 1125
362 1187

TR~e(l

1 in.

0.:0 !2
0.33 13

0.3: !:
0.:3 :3
0.33 1s

0,33 13

O.zb 14

0.36 14
0.36 14
0,3.5 14

0,:9 15
O.:a !s

0,41 lb
0.41 lb
0.41 lb

0.38 15
0.41 lb

0.43 17
0.43 17
0.43 17

0.46 !8
0.46 18

0.5! 20
0.48 19
0.48 19

0.51 20
0.51 20

o.5a 23
0.56 22
O.sb 2?

0.b4 ?3
0.5S 23

0.69 27
0.46 2b
o.b4 25

16
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41J 152 12.1 :60 !!gl

5,80 271 0.&15 0.0242 3/3,4/4 !.89 4.17 I!(j f6,() 230 ?19
5/4 141 ~f),s 344 112?
4{3 152 2?.1 U3 1192

Conclusions. From the foregoing, it is clear that a two-module
for a dual-chamber, 155-mm howitzer exists, but suffers some drawbacks. The
suitability of a particular upper-zone solution depends on the latitude
allowed about the desired muzzle velocities. The solution for the lower zones
is far from satisfactory, however, in that several small pillets are required
for even the Zone-1 charge. This physical configuration could well present
problems in handling and loading in that the charge ❑ight tend to fall apart
or separate in the chamber. Perhaps ❑ ore importantly, however, are the
ignition and flamespread characteristics of the charge. Systematic studies8~9
of multizone artillery propelling charges, both in bagged and rigid, modular
configurations, have demonstrated that all aspects of the propellant
packaging, ignition, and loading need careful consideration by the charge
designer, as an improper selection of design parameters can result in
potentially deleterious pressure waves or solid-phase (e.g., propellant
grains, packaging components, or entire charge increments) motion. Again, we
caution the reader that these calculations are intended to demonstrate the
feasibility (or lack of it) of a given charge design concept; they are not to
be used to design a particular charge.

8C.R. Ruth and T.C.Minor, ‘Multi-Zone Artillery Propelling Charge Studies,”
Proceedings of 1981 JANNAF Propulsion Meeting, CPIA Publication 340, Vol. I,
PP. 55-71, May 1981.

‘C.R. Ruth and T.C. Minor, “Multi-Zone, Modular Artillery Propelling Charge
Studies,”Proceedingsof 1983 JANNAF Propulsion Meeting (CPIA Publication,
in preparation).
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Figure 3. Calculated Two-Module, Dual-Chamber Solution
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The unsatisfactory nature of the design of the lower zones leads us to
propose some alternative concepts. These proposals require a relaxation of the
constraint that the upper-zone ❑odules be used only in the large chamber and
the lower-zone ❑odules be employed exclusively in the small chamber. It is
clear from the previous calculations that a chamber volume can be determined
which would yield Zone-2 ballistics with one-quarter of the top-zone charge
weight. It is also clear that stand-alone charges can be determined for any
given chamber volume. Based on these premises, these solutions follow:

a. Determine the necessary chamber volume for a Zone 2 velocity using
one-quarter of the Zone 5 charge weight. This reduced chamber volume
may be achieved either with a separate chamber or with a volume-
reducing element used with the larger chamber. Design a stand-alone,
single-increment charge to yield Zone 1 ballistics for either the
large or the reduced-volume chamber. This solution is illustrated in
Figure 4.

(DB

ED
Em!)

Figure 4. Proposed Two-Module, Dual-Chamber Solution, Alternative I
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b. Design a single-increment Zone 1 charge for the larger chamber; then
determine the smaller chamber necessary to yield Zone 2 ballistics
with this same increment. The reduced chamber volume can again be
achieved either with a separate chamber or with a volume-reducing
element used
in Figure 5.

The obvious advantage
small pillet weights.

with the larger chamber. This solution is illustrated

to these proposed solutions is that they do not require

Figure 5.

m

E13
61113

Proposed Two-Module, Dual-Chamber Solution, Alternative II
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B. ~ask & DeterminationnamQluQ@l!l&r &2?2&M.3!22

Ob4ective. Given the preceding proposals, one natural question asked was
the size of the chamber needed to provide the Zone-2 ballistics with a quarter
of the top-zone weight. Further, the potential for projectile stickers in a
cannon employing only this quantity of propellant weight requires
investigation. The 22900-cm3 (1400-in.3) chamber appears to be the primary
candidate for any new larger-chamber artillery weapon system to be developed.
Accordingly, the charge solution computed for this chamber size was selected
for use in the determination of the reduced chamber size for Zone 2.

Procedure ~ ~. Using the charge parameters for one-quarter of
the top-zone weight for the charge system determined for the 22900-cm3 (1400-
in.3) chamber, IBHVG was run with a variation in chamber size to arrive at
that volume which would yield approximately 354 m/s (1160 f/s). The output
from that run is given in the Appendix. The run showed that with this charge
increment, the Zone-2 velocity could be obtained with a chamber of 14300 cms
(874 in.3). The peak pressure is about 85 MPa (12.4kpsi), which should place
the performance outside the regime where projectile stickers would be of
concern.

c. Task & Assessment of Co~yatibili tv Hm Current mMitzers. M1$LQW

M1O9A?/AT

Ob.iective. Since currently fielded howitzers will be in use into the
foreseeable future, it seems reasonable to assess the suitability of a
particular solution determined for the larger chamber gun when applied to the
smaller chamber of these in-service howitzers. Again, due to its relevance to
the anticipated developmental systems, the particular solution selected for
this portion of the study was that developed for the 22900-cm3 (1400-in.3)
chamber.

Procedure ~ Results. Interior-ballistic trajectories were recomputed
using the charges determined for the 22900-cm3 (1400-in.3)chamber, with all
the input data unchanged except the chamber volume and cannon length. The
results of this set of calculations, including that for Zone 2, are given in
Table 3. As expected, the computed pressure increased for the upper zones and
decreased for Zone 2. While the Zone-2 pressure might be acceptable, that
determined for the top zone is probably beyond currently tolerable levels.
The Zone-4 pressure also exceeds the 228-MPa (Ss-kpsi) limit originally
established for the study. Furthermore, an assessment would be required as to
the suitability of the projectile ranges arising from the computed velocities.
A calculation for the Zone-1 charge was not performed, but two solutions would
exist, depending on whether the stand-alone charge were designed for the
smaller or larger of the dual-chamber configurations in the 22900-cm3 (1400-
in.3, system.
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Y 4 143 20.7
1/4 7s 10,9

D. - E Ni&M9~.DGZL~Jg~ Studv for Reduced Peak _Pressure

9b.lec tive. The foregoing top-zone calculations were all conducted for a
peak pressure of 328 MPa (47.5 kpsi), a pressure reflecting the maximum
acceptable average for the M549A1 Projectile at 21 ‘C (70 ‘F). The Iss-mm,
M483A1 Projectile, now in the inventory in large numbers, will not tolerati
pressures at elevated temperatures that are implied by this ambient pressure.
We were lastly tasked to determine the possibility of designing a two-module
charge for a dual-chamber howitzer operating at a pressure of only 262 MPa (38
kpsi). Such a pressure at 21 ‘C (7o ‘F) with the M549A1 Projectile should
permit use of the charge with the M483A1 even at elevated temperatures. For
the reasons discussed reviously,

5
the large chamber was taken to have a volume

of 22900 cm3 (1400 in. ).

JWw dure e ~ flesults.A series of probe calculations similar to those of
Task A was conducted with IBHVG at a peak pressure of 262 MPa, with the result
that a Zone-5 velocity level of826 ❑/s (2710 f/s) could not be achieved, no
❑atter what the web of the propellant or the weight of the charge. In an
attempt to find some solution in this pressure range, the calculations were
repeated at a ❑aximum pressure of 276 MPa (40 kpsi). Here again, the
computations indicated that the desired performance could not be attained,
with a maximum velocity of only 803 m/s (2636 f/s) achievable. However, since
it is well known from past experience with these propellants that the
predicted ❑uzzle velocities may be on the order of 30 ❑/s (100 f/s) lower, at
these pressures, than those realizable in the gun, it is entirely possible
that a top-zone solution exists. Given such a possibility, calculations were
carried out for quarters of the top-zone charge weight as before in the hope
that the velocities would fall near the desired performance levels. The
results of the simulations are shown in Table 4, and the summary computer
output is given in the Appendix. The calculated velocities for one-half and
three-quarters of the top-zone charge weight are less than those required for
the Zone-s and Zone-4 levels, respectively, but ❑ay be close enough to the
target values that there is a reasonably high probability of achieving the
desired performance experimentally.



Table4. !iesultsofCalculations for 22?O0-cu.-CD!!ainChaaher,2?6-HPaTop-ZonePeakPressure

CHVOL
c!l.cfi cu. !n.

TR m !iT PMx
s in. ma in, frac kg lb t!Pa kpsi

~.?? ~33 1.?9 0.07E5 4/4 !3.49 2Q.?5 276 40.0
314 176 2:. S
~/.q !09 15.8

~,~~ :35 1,90 o,~7~3 ~,/4 60 8.7
b5 ?.4
?3 13.s

197 28.5
+ i * CAL!XILATIONABORTED* * *

310 1016
314 1030
320 1050
332 loa9

TRWO
J in.

The last five lines of Table 4, and the last inclusions in the Appendix,
document our attempt to determine the size of the smaller chamber needed to
yield Zone-2 ballistics with one-quarter of the top-zone weight. As noted,
the attempt was not successful, due to the lack of burnout of the propelling
charge in the gun. An indication that this would be a problem can be seen in
the computation for one-half the top-zone weight, where the charge also did
not completely burn within the gun. Again, the calculated velocities are
probably lower than those which could be obtained in a gun, but probably not
to the 30-m/s (100-f/s)extent noted for charges operating at the ❑uch higher
pressure level. Thus, in this case, there is only a marginal possibility that
such an appropriately sized chamber exists.

III. CONCLUSIONS

We have performed a theoretical study using a lumped-parameter interior-
ballistics code to examine the feasibility of using a two-module type, zonea
artillery charge in a 155-mm howitzer with a dual-chamber capability.
Although great advances are being made in our understanding of stick-
propellant combustion, our computational ability with these propellants is
still, as of this date, not at a stage where exact performance parameters can
be calculated from uncompromised data bases. Nevertheless, some valid
conclusions can be reached from the computations of this study. Specifically,
the findings were that:

a. A solution in which the lower zones can be fired only in the smaller
chamber and the upper zones in the larger chamber is unsatisfactory
in that a large number of small increments that would be required for
the lower zones, with accompanying logistical and ignition problems.

b. Relaxation of one of the original concept constraints to allow use of
either of the two ❑odule types in either chamber yields a set bf
simple solutions, illustrated in Figures 4 and 5.

c. The solutions described in paragraph b would not be acceptable in the
current M198 and M109A2/A3 Howitzers due to high pressures at Zones 4
and 5.

23



Finally, it is important to stress once again that the exact results
reflect the input data used for the code. Another input data base, or
interior-ballistic code, would undoubtedly produce slightly different results.
It is not expected, however, that they would alter the basic conclusions of
this study. The calculations are not intended to be used to design a chamber
of a gun or the web of a propellant without experimental verification.
Rather, they are to be used as indicators of the potential of the charge
design options addressed in this study.
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1400 -CU-lN CHAM; 47. !!P%FSI TCtP ZONE

GUN TYPE: DSWS 14C)0 BORE LENGTH: 235.0 IN
CHAMBER VOLUME: 1400.00 CU IN TIME STEP: .100 MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
GRCKIVE/LAND R9TIO: 1.660 BORE AREA: 29.826 SG! IN
TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO:
PRESSURE GRADIENT: LfiGRANGIAN

6.c)
EROSIVE COEFF: O.(:)OOO(:)(:)C)

PROJECTILE: M549/Al PROJ WT: 9!5.000 LB

ENC;FW+VING & FRICTIC)NAL RESISTANCE CKF’SII VS. TRRVEL [IN]:

TRAVEL : (:).00 .40 1“00 1.s!3 2.03 4.50 200.00
RESISTANCE: “25 3.3!5 4.95 3.63 3.25 ‘o2.J 1.30

F’ROF’ELLAN’T
WEIGHT [LE3
lMFWTIJS [FT-LEt/LHl
FLRME TEMFI [K]

RLPHR
EETA
G&MM&
CC)V(JL.[CU IN/’LEIll
DENS ELB/CU INI
GRAIN TYPE
GRAIN LEN CINI
GFlf71N DIf?M [INI
SLOT WIDTH [INI
PERF I)IfiMtIN~
INNER WEH EIN:I
I(SNITIUN CUDE
‘THFllISHOLD V~L.UE

CONDITIONS AT:

‘TIME [MS]
HR p~(~~ ~~:pSI]

MN PRES [tF’SIl
B$i F’FtES[!iF’SI1
MEAN TEMP [Kl
TRAVEL [INI
VEL [FPSI
ACCEL [G’S]
FR EIRNT FROP 1
FR RF(NT PROP 2

CE!I COMB C(%E
“108 .“7(Jo

346180. 180000.
S034 . 15!53.
.8650 1.0000

ocm826 .001500
● 1.23!3 1.2s0
29.6S(:) 3(3.(:)00
.060:S3 .03400
1-FERF 1-PERF
.004C) 30.0760
.(~18(:) 6. 175C~

.-------- ------ -
.[:)1(3(:)6.01!5(:)
.(:)04o .(N!j00

(:) o
0.(:)00c)o c).(:)00(30

RUN :

MAX PR

6.15
47. %?
4!5.63
41. E17
2:320.
lEI.8
‘?99.

1~:3’7(3,

1 ● 000
1.000

1

MUZZLE

14.62
8.!55
8.26
7,69
1314.
~T=i nA...*..
2708.
lHf38.
1.000
1.cm)

PROP 1
INJRNT
l.ho
~.(36
4*9Z

4.62
2!57s,

●2

2!5.
966.
1“000
,137

M31 ,S!3P
26*~~1

328500.
2!587.
.7520

.(J(j16c)2
11.2’5

3(:).!5Elo
.(}5930

SLOTTED
10.0000

.1710

.0100

.C)57CI
,0370

0
0.Ooc)oo

E12/12/of3.

PROF’ 2 FROF 3
13URNT BURNT
z .55 8.95

23. 1!5 32.86
22.32 31.!39
2(:).66 29. (:).3
245!5. 2024.

2.(:) 6Y. El
1“79. 1971.

54!53. 84(32.
1.000 1.000
1,C)Cm 1“(:)00

FR ERNT PROP 3 .395 1.000 .034 .179 1 ● 000
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14(:)o--cU-1N CH~M; 3/4 fJF 47.5-~PS1 TOP-ZONE MT

GUN TYPE: DSWS 1400
CH/+MEIERVOLUME: 1400.00 CU IN
GROOVE DIAMETER: 6.200 IN
GRO(lVE/LAND RRTIO: 1.660
TWIST: ONE TURN IN 2?0.0 CALIBERS
PRESSURE GRADIENT: LAGRANGIAN
PROJECTILE: M549A1

ENC+RAVING & FRICTIONAL RESISTANCE

TR9VEL : 0.00
RESISTANCE: .~?J

PROPELLANT
WEIGHT CLHI
IMF’ETUS tFT-LB/LBl
FLAME TEMF [K]
ALPHA
EIETA
GAMMA
COVCIL [CU IN/LEl
DENS [LEf/CU INI
GRAIN TYPE
GRAIN LEN [INI
GRAIN DIAM [INI
SL.CITWIDTH [INI
FERF DIAM [INI
INNER WEEI [IN]
IGNITION CODE
THRESHOLD VALUE

BORE LENGTH: 235.0 IN
TIME STEP: .100 MS
LAND DIAMETER: 6.1OC) IN
BORE (AREA: 29.828 S(J IN
EXPANSION RATIO: 6.0
EROSIVE COEFF: 0.000CK)C)O
PROJ WT: 95.000 LB

[KPSI1 VS. TRAVEL [IN]:

. 40 1.00 1.55 2.05 4.!30 20C).C)O
3.3!5 4.93 3.63 3.25 2 m !50 1. !50

CEII COMB CASE M31 , SSP
. 188 .7C)Q 19.748

34618C). 180000. 328500.
3(334. 1!553. 2587.
.8630 1.0000 *75Q~

000826 (2015(:)(:1.c)(>16c)2
“ 1.233 “ 1.2!30 1.231
29.680 30. Ocm 3(3.380
.06033 .C)3400 .03930
i-PERF 1-PERF SLOTTED
.C)C)4C) 30.0760 10.0000
. (:)180 6.175C) .171C)

----- -- ----- .- .0100
.(:)1c)(:) 6.(:)15C) .C)!570
.c)04c) .0800 .0370

c) c) o
0.Ooc)oc) 0.Oc)oocl O.c)ooc)o

RUN: 1

CONDITIONS AT: MAX PR MUZZLE

TIME CMSI
IN+ F’RES [KPSII
MN PRES CKPSII
i3S PRES [KPSI1
MEAN TEMP [K]
TRAVEL [INI
VEL [FFSI
ACCEL [G’S]
FR BRNT PROP 1
FR 8RNT PROP 2
FR EIRNT PROP 3

7.s5
3(3.(:)0
29.10
27.30
2324.
~9G~

805.
78(:)0.
1.000
1.[:)C)C)
.366

la.27
6.3C)
6.34
&a~~

1574.
235. ()
2235.
1379.
1.Clot)
1.0(:)0
1.CM30

PROP 1
BURNT
1.95
7 “b.-i. J

3.!30
3.37

25E3Q.
.2

20.
!547.
1.000
.127
.034

82/12/08.

PROP 2
BURNT
4.65

16.47
16.04
15.17
2433.

~.~

150.
3753.
1 ● C)oo
1.0(:)0
.190

PROP 3
BURNT
12.05
19.76
19.19
18.(:)4
2007.
84.1
1700.
4979.
1.000
1.(>(3(:)
1.000
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i4CN:)--!2U-IN CHAMI 1/2 C)F 47. !?P+CPSI TOP-ZONE WT

GUN TYPE: DSWS 14C)() EORE LENGTH: 235.0 IN
CHAMEIER VOLUME: 14C)(:).0(:)CIJ IN TIME STEP: .1O(:)MS
GROOVE DI#IMETER: 6.200 IN LAND DIAMETER: 6.100 IN
GRUHVE/L9ND RATIO: 1..6(50 130RE AREA: 2Y.H2H S(J IN
TWIST: ONE “TIJRNIN 20.0 CALIlNER!3 EXPANSION RQTIO: 6.0
F’RE5!3LJRE[3RADIEN’1: L.AGRANGIAN ERO!51VE COEFF: (:].0(:)(3(:)(:)0(:)
F’ROJECTII.E: M549R1 FROJ WT: 9!5.C)C)Ol_B

ENGRAVING W FRICTIONAL RESISTANCE [KF’S13 VS. TRAVEL. LINI:

TRAVEL: c).00
RISS1’$TANCE: .25

in’ROPELL(fJN”T
WEIGHT [LEII
IMF’ETIJS [F”T-L.13/LBl
FLAME TEMF’ [K3
RLFHA
~,~:“r(q

G6MMG
CHVOL rCLJ IN/L13:l
DENS llLH/CIJIN3
(31<AINTYPE
GRAIN L.EN [IN3
GROIN DJ,AM [IN3
SLOT WIDT1-iCIN3
F’EINFDlilM [INI
INNEf7 WEH L:IN:I
I[:3N:1’1”I(2N [;[:IDE:
‘“rl-ll(li:!sl-i[:ll,,,r)VRL.U12

.40 1.00 1.ss 2.{)5 4.!50 20 C).OC)
3..35 4.9s 3.63 3.23 2.5(3 1.!3(:)

C131
.1E313

346180”
3(:)7,4“
.86!30

.(:)C)(:)H26
1.235

29. 6s(:)
..(36c)33
1-F’ERF
.0C)4C)
.018(:)

---,...,---

. c)1(:)(:)

.(:)(:)4.0
(:)

(:).c)(:)(:)(:)(:)

RUN: 1

M6X I“R MUZZLE

COMB CASE
● ‘7(:)(3

1800C)0.
ltsJlzJ~*

1.Oc)oo
.(:)(:)15(:)(:)

1.2s(3
3(:).(:)(:)(:)
.03400
1-l%RF

:~0.0’760
6. I’7!5C)

-.”......---

6.0 i!3C)
● ()[30(:)

(:)
(:).()(:)(:)(:)(:)

10.43
1[3.1.5
17.79
I“7,(:)’7
232?1.
1“7.EI
39<?.

4!5[%s.
1 ● 000
i“Oc)(:)
.544

24. 1’?
4.35
4.2[3
4. l(t)
1A05.
233. (:)
17~Q.
0(:)7.
1.000
1“(:)(:)(:)
1.000

M31 ,SSF
13.166

Tmw)c).
2587.
.75~Q

.(:)(:)16(:12
1.251

3(:).!58(:)
.05930

SL(dTTED
10.0000

.1”71C)

.0100

.c)370

.C)570
c)

0.(:)0(:)()()

92/1:?/(:)8.

FF~[;]F!~ p~[j[~%J

BURNT BURNT
6.40 1’7.05

1.1.14 10.E14
lc).9h lC).64
10.6(:) 10.2:3
24(31. 1915s.

:!.(:) (7(7..3
102” 13[32.

2286. ~~~(:).
1.000 1.C)(3C)
1.c)(:)(:)1.o(:)(:)
.2(36 1.000
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8(:)(:)-cM-INCHAM; 235--IN TR9VEL; 16.(:)-KPSI ZC)NE 1

GUN TYPE: DSWS 8(3C) BORE LENGTH: 235.0 IN
CHLIMHER V(ILUME: SC)(:).C)C)cU IN TIME STEP: .lC)(:)MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: h.100 IN
GRC)CIVE/LAND RATIO: 1.4)60 EIORE AREA: 29.828 SC! IN
TWIST: ONE TURN IN 20.(:)CALIBERS EXF’ANSION RATIO: 9.8
PRESSURE GRADIENT: L6GRf?NGIAN EROSIVE CCIEFF: O.C)OOOC)(:)C)
PROJECTILE: M!549A1 PROJ WT: 95.C)OO LEI

ENfiRhVIN13 t, FRICTIONAL RESISTANCE [KF’S13 VS. TRAVEL LINI:

TRAVEL: c) “ 00
RESISTANCE: . Z=J

PROPELLANT
WEIGHT CL133
IMPETLJS tFT-l_13/L.Bl
I’LAME TEMF’ [K]
GLPHfi
EiE’T(4
GAMMA
COVOL [CU IN/L.E13
DENS CI.,.131CUIN:]
GRAIN “TYPE
GRAIN LEN CINI
GRAIN D1’F?M[IN3
F’ERF DIAM [IN3
INNER WEEI CIN3
IGNITION CODE
THRESHOLD VALUE

CGNI)I’TIONS AT:

TIME [MS]
Hll PRES [KF’SII
MN FIRES [KPSII
B!: F’RES EKP!311
MEAN TEMP [K]
TRAVEL [INI
VEL. CFF’SI
OCCEL CG’SI
FR ERNT PROP 1
FR 13RN1”PROP 2
FR ERNT PROP 23

. 4(:) 1 ● 00 1.5!5 2.~ C)!5 4.50 20C).C)C)
2?.35 4.93 3.63 .-’,.2’5 2.!5(:) 1.!50

CE41 CCltlEICASE
. 188

3461E3C).
3(:).34.
.865C)

.00(:)826
1.2.33

29.6H(:)
.06033
1-PERF
.C)C)4C)
.(:)18(:)
.c)100
.(:)(34(:)

c)
(:).(:)00(:)0

RUN :

MAX PR

7.65
16.(:)1
lti.8c)
1?3.67
~i9~,

10.7
4.32.

41:3!s.
1.000
1.(:)(3(:)
.9s1

1

MUZZLE

2!9.51
1.16
1.17
1.17

1213.
2.3s. (:)

920.
-116.
1.C)(IC)
1. (:)(:)(:)
1. Oc)c)

. :Zso
18C)C)C)0.

1553.
1.C)C)OO

.(:)(]13(:)(:)
1.2s0

3(:).0(:)(:)
.C)T40C)
1--PERF

1!3.0000
&l.1“750
6.C)130

● (:)8(:)(:)
c)

0.(:)0(:)00

PROP 1
BURNT
1.85
.3.2’5
3.2?4
~,a~l

2S2!8.
v..+.

T*.1.
431.
1.Clot)
.132
.C)88

Ml, SP
4.378

30300(:).”
2417.
.7140

“0(:)160(3
19.2!5

3(:).!570
.0!567C)
1-PE!4F
.2(;)93
,0465
.01!55
.(:)155

()
c).(:)()(:)(:)<)

82/12/09.

FIR(3F2 p~op ~

EIURNT BURNT
!5.15 7.9!5

12.14 15.E!2
12.06 1!3.71
11.91 13.4H
2307. 21i27.

T*..4 1~.:~
1:Z5. 47:?.

$2’7=J~. 40s i.
1.Oc)c) 1.Cmo
1.000 1.(:)(:)(:)
.481 1.000
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BC)C-CIJ-IN CHAM; 235-IN TRAVEL; 4/3 OF 16.C)-KP!31ZONE-1 WT

GUN TYPE: DSWS BOO BORE LENGTH: 2?2!S.0IN
(2H9ME{ER VC)I..IJME:800.0(:)CIJ IN TIME STEF: .1(:)0MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
GtWN3VE/LfiND RATIO: 1.64(:) BORE AREA: 2Y.E12H S[2 Ihl
TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO: 9.8
F’RE!3WJRE GRADIENT: LAGRANGIAN EROSIVE CXIEFF: (:).(:)(:)(:)(:)(:)(:)(
F’ROJECTILE: M54C?,41 F’ROJ WT: 95i.C)OOLEI

EN(3R’AVINH & FRICTI(INCIL RE!31STRNcE [KF’!313VS. TRAVEL Cl’N]:

‘TRF3VEL: (:).(:)(:) #4(3 1.0[3 1.55 2.(35 4.!30 2(:)0”00
17E!31!3TGNCE: .2?5 3.33 4.?!3 3.($3 3.25 2.3(:) i.5(:)

F’K’[IF’ELLAN’T C131 C2ClMEiCASE
WEI(3HT [LE13 .10s
IMFET1.JS[FT-L13/LH:l 2!46180.
I=LOME TEM13 KKI 3(334.
ALPHA ● 04!50
HE:l-A ● (:)0(:)[326
GAMMA 1.~~~
[[IV(3LECU IN/1-i3] 2!9.6[3(:)
DENS CL13/CU INI .06033
GRRIN TYPE 1-FEW’
GROIN LEN [IN3 .C)C.)4C)
C$I(GINDIRM LIN3 .c)1[3(:)
FEIIF DIGM [.IN3 .01C)c)
INNER WEH KIN:I .(:)(:)4(:)
IGN1’””rIclNCODE ()
“TI-IRE!31”{01”,DV61.,,UE c).(1(:)(:)(:)(:)

RIJN: 1

C(3NI!I’1-IC)N!3AT:

&).55i
21.6(5
21..45
21. (:)4
21F33.
llm~

!343.
!5a23.
1.000
1.(:)(:)(:)
.9E34

MI.JZZLE

n.“4.22*..
1.31
1.31
1.52

1204.
2:33,c)
1170.
-12.
1.OC)C)
1.(x)c)
1.C)c)o

. :3!5(:)

18C)C)C)C).
1:~~;~.

1.0000
“C)(J130(:)

10.xi
3(3.(:)(:)(:)
.03400
1“-F’ERF

15.C)OOO
6. 175C)
&.c)150
.0[3(:)0

c)
(:).(:)(:)(:!(:)(l

Ml, SFI
~.8~-7

wJf-)$uJ-J(-)(-ja

2417”
.7140

.(2(:)16(:)(:)
1 ● 259

3(:),37(:)
.0367C)
1-i=ERF
,2093
.(:)465
.013!5
.C)135

()
(:),00(:)(:)0

82/12/(:)9.

F’RCIF’3
13URNT
6.65

21..47
21.27
2(:).86
21”74.
1~.~

?364.
576E3.
1.000
i.(:)(:)(:)

. 455 1.0(:)0

3s



A,, ..l, ,t: ’,.

874-CU-IN CH~M; 1/4 OF 47.5-KPSI TOP-ZONE WT; SIZE CHAM FOR
ZONE 2

GUN TYPE: DSWs 14(3o BORE LENGTH: 23!3.CIIN
CHAMBER VOLUME: 873.81 CU IN TIME STEP: .10(:)MS
GROOVE DIi3METER: 6.200 IN LAND DIAMETER: 6.100 IN
EVW3C)VE/LAND RATIO: 1.66(3 EI(3REARE9: 2.9.828 SC! IN
TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO: 9.(3
PRESSURE GRADIENT: LAGR9NGIAN EROSIVE COEFF: C). (:)CN:)[](:)C)C)
PRCIJECTILE: M5549A1 PROJ WT: 9!5.000 LB

ENGRAVING & FK’ICTION#lL RESISTANCE [KF’SI] VS. TRf)VEL [IN]:

TRAVEL: o.(3(3
RESISTANCE: .2!5

PROPELLANT
WEIGHT [L131
IMPETUS [FT-L.B/LBI
FLAME TEMF [P:]
ALPHA
BETA
GRMMA
COVC)L ECU IN/LBl
DENS [LB/CU INI
GRAIN TYPE
GRAIN LEN [INI
GRAIN DIAM [INI
SLOT WIDTH ~INl
F’ERF DIAM [INI
INNER WEEI [INI
IGNITION CODE
THRESHOLD VAL~JE

CONDITIONS A“T:

TIME [MS]
BR F’RES CKF’!311
MN FIRES [KF’SII
EI!3FRES [KPSI1
ME/lN TEMP [K]
TRG)VEL [IN]
VEL [FPSI
ACCEL [G’S]
FR 5RNT FROP 1
FR 13RNT F’ROF 2
FR BRNT FRO!=’3

. 40 1 ● (3C) 1.3!5 2.05 4.5C) 20C).C)O
3.35 4.95 3.63 .3.25 ~,~(:) 1.!5(:)

C131 COMB CASE M31, SSP
.1S8 .“7(:)(:) 6.583

346180. 180000. 32H5CN3.
3034. 1553. 2!587.
.8650 1.0000 .7520

.(:)(:)(:)s26 ,(:)(:)15(:)(3 .(y:)1&(:)~
1.2X3 1.25(3 10Z=J1

29.680 3[:).(:)(:)(:)s(:).58(:)
.0(5C)3X .0340(3 .05930
1-PERF 1--FERF SLOTTED
.0C)4C) 30. (J760 lC).C)C)OO
.(:)18(:) 6.1750 .171(:1

-------- ------- Oloc)
,(:)1o(:) 6.01!50 :(:)570
.004 c) .08 0(3 .0570

(:) (:) c)
c).(30000 ().(:)000C) 0.00000

RUN:

MQX PR

9.05
l~,3Q
17 7?5*.A
12 *00
2261.

8.9
-wT,y.2.:6A ,

29H4 .
1.000
1.(:)0(:)
.398

4

MUZZLE

29.89
2.24
‘-l~. ~1~
7 T.**.*.1
1!517.
235. C)
115s.
2(:)8.
1.000
1.000
1.000

FROF’ 1
BURNT
2.10
2.s4
2.!53
-!4.5 1

2578.
T.&

17.
21(:).
1.C)oo
.124

.035

82/12/08.

PROF 2
EJIJRNT
bm~~

9.04
9.7(5
9.39

2290.
~ c)*.
93.

197:?.
1.000
1.(:)(:)(:)
.207

PROP 3
BURNT
~~m (-J=J

3.96
3.94
3.88
1717.
143. cl
1069.
64:?.
1.000
1.(J(:)(:)
1.(:)C)O

36
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llSQ-CU-IN CHAM; 47.S-KPSI TOP ZONE FROM 140CJ-CU-INCHAM

GUN TYPE: M198 BORE LENGTH: 200.0 IN
CHAMBER VOLUME: 1150.00 CU IN TIME STEP: .1CM2MS
C3ROOVEDIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
GROOVE/LAND RATIO: 1.660 BORE AREA: 29.828 SQ IN
TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO: 6.2
PRESSURE GRADIENT: LAGR/$NGIAN EROSIVE COEFF: C).0000000
PROJECTILE:

ENGRAVING &

TRAVEL :
RESISTANCE:

PROPELLANT
WEIGHT [LB]

M!549R1 PROJ WT: 95.000 LB

FRICTIONAL RESISTANCE [KPSII VS. TRAVEL [INI:

0.00
.2!3

IMPETUS tFT-LEI/LEIl
FLAME TEMP CtCl
ALPHA
BETA
GAMMA
COVOL CCU IN/LEIl
DENS CLB/CU INI
GRAIN TYPE
GRAIN LEN [IN]
GRfiINDIAM CINI
SLOT WIDTH CIN3
F’ERF DIAM CINI
INNER WEE CINI
IGNITION CODE
THRESHOLD VALUE

.40 1.00 1.!5!5 2.0!3 4.!50 Z?oo.ocl
3.3!3 4.9!3 3.63 3.23 2.!30 1.30

CBI COME CASE
.18S .700

344)180.
3034.
.86S0

.000826
1.23!5

29,680
“06033
1-PERF
.0040
.0180

laoocm.
lm53.

1.0000
.001s00

1● 2s0
30.000
.(x54cx)
1-PERF

30.0760
6. 17!!50

“ C)lfm
“(:)(340

o
0.ooc)c)cl

6.0150
.080[:)

Q
0. (:)OC)(X)

RUN: 1

CONDITIONS fiT: MAX PR MUZZLE PROF 1
BURNT

TIME CMSI 4.63 11.73 lm5q5
ER PRES CKPSII 60.65 10.13 6.91
MN PRES CKPSII 56.22 9.77 6.60
BS PRES CKPSII !!53● 36 9.07 6.22
MEAN TEMF CK1 23090 140!5. 2570.
TRAVEL CINI
VEL CFPSI
ACCEL CG’SI
FR BRNT PROP
FR BRNT PROP
FR BRNT PROP

14.3 200 ■ o 9
● *

991. 2789. 29.
1!5971. 2318. iso4.

1 1.000 1.000 1.000
2 1.000 1.000 .146

M31 ,SSP
26.331

328!300.
2!387.
.75~(-J

.001602
1.2!31

30. !!580
.03930

SLOTTED
lC).00C)O

● 1710
.0100
.0!570
.C)!37C)

Q
0.(2(:)(30(2

82/12/08.

PROP 2 PROP 3
BURNT BURNT

2.70 7.3s
29.80 3t5 .34
28.70 34.92
2&.!31 32.07

2443, 19!50.
1.7 66.8

195. 2132.
7220. 9348.
1 ● 000 1.000
1.000 1.000

3 ● 344 1.000 .034 .166 1.000
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ll!!W-CU-IN CHAM; 3/4 OF 47.!S-KPSI TOP-ZONE WT FROM 14(N3-CU-IN
CHAM

GUN TYPE: M198 BORE LENGTH: 2CM3.O IN
CHAMBER VOLUME: 11!!50.00 CU IN TIME STEP: .100 MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
QROOVE/LAND RATIO: 1.660 BORE AREA: 29.828 S(J IN
TWIST: ONE TURN IN 20.0 CALIBERS EXPGNSION RATIO: 6.2
PRESSURE GRADIENT: Lt?GRANGIAN EROSIVE COEFF: 0.0000000
PROJECTILE: M349A1 PROJ WT: 9S.000 LB

ENGRAVING & FRICTIONAL RESISTANCE CKPSII VS. TRRVEL [IN]:

TRAVEL : 0.00 ● 40 1.00 1.!!5!!5 2.0!!5 4.!50 200.00
RESISTANCE: . 2!5 3.3!5 4.9!!5 3.63 3.2S 2.!50 1.!50

PROPELLANT
WEIGHT [LB]
IMPETUS [FT-LEI/LEl
FLAME TEMP [K]
ALPHA
BETR
GAMMR
COVOL CCU IN/LBl
DENS tLB/CU INI
GR61N TYPE
GRAIN LEN CINI
GRRIN DIAM CINI
SLOT WIDTH CINI
PERF DIAM CINI
INNER WEB CINI
IGNITION CODE
THRESHOLD VALUE

CONDITIONS AT:

TIME CMSI
BR PRES [KPSII
MN PRES CKPSII
ES PRES CKPSII
MEAN TEMP CKI
TRAVEL [INI
VEL [FPSI
(ACCEL [(3’S1
FR BRNT PROP 1
FR BRNT PROP 2
FR BRNT PROP 3

CBI
188

346k10.
3034.
.8650

.000826
1.23s

29.680
.06033
1-PERF
.0040
.0180

-------
.0100
.004CI

o
0.00000

COMB CASE
.700

180000.
13s3.

1.0000
.001Soo

1.2s0
30.000
.03400
1-PERF

30.0760
6.17S0

-------
6.01!50
.0800

c1
0.00000

M31,SSP
19.748

328!500.
2387.
.7520

.001602
1.2s1

30.580
.0!5930

SLOTTED
1c1.0000

.1710

.0100

.0370
#0!570

o
0.00000

RUN: 1 82/12/08.

MAX PR

6.1!5
3(5.06
34.96
32.77
2313.
13.6
799.

9!509.
1.000
1.000
.519

MUZZLE

14.96
7.81
7.61
7@20
1575.
200.c)
2275.
1749.
1.000
1● 000
1.000

PROP 1
BURNT
1.5s
4.60
4.s0
4.3C)
2!577.

.2
24.

869.
1.000
.131
.033

PROP 2
BURNT
3.70

20.7!5
20.18
19.03
2422.

2.2
177.

4960.
1.000
1.000

m182

PROP 3
BURNT
10.40
20.35
19.76
18.57
1937.

8!5.S
1833.
!5147.
1.000
i .000
1. (loo
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115KI-CU--1N CHRM? 1/2 (IF 47.3 -KPSI TOP-ZONE WT FROM 1400-CU-IN
CHAM

G(JN TYPE: M1913 BORE LENGTH: 2(:)0.C) IN
CHRMEiEK’VOLUME: 11!50.00 CU IN TIME STEP: .100 MS
GROOVE DIAMETER: 4).2(:)0IN LAND DIAMETER: 6.1(:)(1IN
GROOVE/LRND RATIO: 1.660 BORE AREA: 29.E328 SO IN
“TWIST: ONE TLIRN IN 2C).C~CALIBERS EXF’ANSICIN RATIO: 6.2
FRESSURE GRADIENT: LAGRANGIAN EROSIVE COEFF: 0.0000000
PROJECTILE: M549Ai PROJ WT: 9!5.(:)(:)(:)LB

ENGRAVING $<FRICTIONAL RESISTfiNCE [KF’SII VS. “rRAVEL tINq:

TRAVEL : c1.(:)(:)
RESISTANCE: .25

FROF’ELLANT
WEIGHT [1.HI
IMPETUS [FT-LE/LBl
FLAME TEMP [t::]
ALPHA
BETA
C+AMM6
CUVOL [CU IN/LBl
DENS [LB/CU INI
GRRIN TYPE
CiRAIN LEN [INI
GRAIN DIAM [INI
SLCIT WID”l-H [INI
PERF [)IAM CINI
INNER WEB [INI
IGNITION CUDE
THllESHC)LD VRI..UE

TIME CMSI
13R PHES [}::P!31:I
MN PRES [KF’SII
E{5 PRE!3 CKF’SII
MEAN TEMF [K]
TRAVEL. [INI
VEL. [FP51
ACCEL, rG’Sl
FR BRNT PROP .1.
FR 13K’NTF’RC)FI2
FR BRNT PRC)F’3

CHI
.188

34618(2.
3C.)34.
.E16!50

.c)(3c)8~6
1.23!5

29.680
.(:)6(333
1-F’ERF
.(:)(:)4(3
.(>18~)

,......--____

. 01 c)c)

.(:)(:)4(:)
o

(:).(:)(:)(:)(:)(:)

RIJN: 1

MAX F’R MIJZZLE

COMB CASE
.700

18(>(:)(:)(:).
1353.

1.(:)(:)(:)(:)
● Oc)lfmo

1.2!3(:)
30.000
.(:)34(30
1-PERF

3(:).(376c)
6.1750

--------

6.(:)130
.(:)[3(:)(:)

()
c).(:)(:)(:)(:)(:)

20. 08

.“El!3.2
!3.20
!3.03
1632.
2(:)(:).(:)
1“736.
i079.
1,000
1.(:)(:)(:)
1.000

M.31~SSF’
13. 14)6

32H5C)[:I.
2587.
.752(:)

.CM)1602
li.2!5

xc).380
.(:)393(:1

SLOTTED
1(2.(:100(2

.1710

.010 (:)

.(:)570

.(:)57(:)
Q

(:).(:)(:)(:)(:)(:)

82/12/08.

FRC)F’2
BURNT
~.~~)

13.43
13”20
12.73
2386.

,-,q4“..4:
132.

2987.
1.000
1 ● [:)(:)C)
.196

F’RCJF’3
BURNT
15.2!3
lC).6ts
10.46
1(:).(:)6
19(:)3,
1(:15.7
1479.
-c.Ldl!3.
1.000
1.(:)(:)(:)
1.(:)00
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11!5C)-CU-IN CH~Mf 1/q OF 4’7.5-KFSI TOP-ZONE UT FROM 14(jo_cU-IN

CHAM

GUN TYPE: M198 BORE LENGTH: 20(:).0IN
CHAMEER VOLUME: 1130.00 Cu IN TIME STEP: .100 MS
GROC)VE DIAMETER: 6.200 IN LRND DIAMETER: 6.100 IN
GROOVE/L#+ND RATIO: 1.660 BORE AREA: 29.828 S(2 IN
TWIST: ONE TURN IN 20.0 COLIEIERS EXPANSION RATIO: +J.Z
PRESSURE GRADIENT: LAGRANGIAN EROSIVE COEFF: 0.00C)OOOO
FIRCIJECTILE: M549A1 PROJ WT: 95.000 LB

ENGRAVING % FRICTIONfiL RESISTONCE [KPSII VS. TRAVEL LIN3:

TRRVEL : c).(:)(:)
RE~IsTQNCE: .23

PRC)PELL(INT
WEIGHT tLEIll
IMPETUS [FT-LE/LEIl
FLAME TEMP E}:]
ALPHA
EIETA
GAMMA
COVOL ECU IN/L131
DENS ELEt/CU INI
GRAIN TYF’E
GR(41N LEN [INI
GRAIN DI/3M [IN]
!3L(ITWIDTH LINI
FERF DIRM [INI
INNER WEEI [INI
IGNITION CC)DE
THRE!3H13LD VALUE

CONDITIONS 6T:

TIME CMSI
13R FRES [KPSII
MN PRES CKPSII
~~ p~~g [~ps]]

MEGN TEMP [K3
TRAVEL [INI
VEL CFPSI
ACCEL [G’S]
F13 i3RNT PROP 1
FR 13RNT PROP 2
FR EIRNT PROP 3

● 4(2 1.00 1.33 2.(33 4.5X)20C).00
3.33 4.95 3.63 3.25 2.50 1.50

CEII COMB CASE
.188 .700

34618(2. i80 O(:)0.
3034. 1553.
.8&!5(:) 1“0(:)(:)(:)

.(3(3(3826 .001500
1.23!5 1.25C)

29.680 30.000
.(:)6(333 .(334(:)(3
1-PERF 1-F’ERF
.cm4c) 30. (:)7(5(:)
.0180 6.1 “7S0

..------- ----.----

.(3100 6.C)150

.(:)(34(:) .(:)8(:)(:)
c1 o

(:).00(>(:)0 c,).(:)(:)(:)(:)c)

RUN :

MAX PR

12.4!s
1(:).88
10.78
1(:).!57
2296.
10.3
33s .

m=%lar.J.4.4s.J.
1.(:)(:)(:)
1.000
.47s

1

MUZZLE

31.24
2.$S&
2.64
~ 4)1-.

1616.
200.0
1104.

333.
1. c)(:)(:)
1.000
1. 0(:)0

PROP 1
BURNT
2.75
1.E17
1.87
1.87

2!38t5.
T.*

11.
-J~m

i.(:)(:)(:)
.1~fJ

.(:)36

M31 ,SSP
6.383

32135c)c).
2587.
.7520

.001602
1.2!31

30. ?580
.05930

SLOTTED
1(:).(:)OOC)

.1710

.(:11(30

.0!570

.(:)57(:)
c)

(:).(:)(:)0(:)(:)

82/12/08.

PRCIP 2 PROP 3
BURNT BURNT
8.20 24.53
7.8C) 4.78
7.75 4.7!5
7.66 4.67

2317. 1830.
1.3 115.3
!5C). 988.

1064. 847.
1.(:)OC) 1.0(30
1.C)c)cl 1.000
qq.AL 1 1.(:)0(:)
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.

14(:) (:)--CIJ-IN CHhM; 4(:).(:)--KFSITC)F ZONE

GIJN TYPE: DSWS 140(:) BORE LENGTH: 2:35/.(1IN
CHAMBER VOLIJME: 1400.00 CU IN TIME STEF’: .100 MS
C+RC)GVE DIGIME:TER: 6.2(:)(:)IN LAND DIAME’TER: 6.1.(:)(:)IN
GFiC30VE/LAND RQTIO: 1.(S6(:) BORE AREA: 29.E328 S0 IN
TWI!31”:ONE ‘TURN IN 2(:).(:)CALIHERS EXFANSION RATIO: h .(:)
FRESSIJRK GRADIENT: L.AGR6NGIAN EROSIVE COEFF: 0.(1(:)00(:)00
FRK)JE’(21-11.,.E:M54901 PROJ WI-: 95. (:)(:)(:)l_E

T17’,4VEL: (:).(:)(:)
RESISTANCE: .25

IF’R[:)F’ELL.G)NT
WEIGHT [1.-81
IMF’’l~”l-US[F”TwL.H/LHl
FL.GME TEMF’ LKI
f$LF’Hfi
HET{i
C+AMtlh
CIIVCIL.[CIJ IN/l_/Hl
DEN!3 EL.H/CU IN:]
GRAIN TYPE
GRAIN L.EN [IN3
G17AIN DIAM [IN3
!3L[31”WIDTH CIN3
F’EFIFDIGM ~INd
INNER WEH [lN:}
IGN],TICIN CODE

“TI-II(KSHOLDV6LLJE

. 4(:) j,.(:)(:) 1.55 2.(:)5 4.5(:)2(:)(:).0(:)
=.2.715 4.95 3.63 ~l.~q -.3(:)T 1.‘jo

CEII cOMB CGSE
. 188

24618(:).
3(:)T,4,
.0(55(:)

.(:)(:)(:)82.5
1 ,,V=.A..:,.J

~9. 6&lC)
.(:)6(:):r:Y
1--F’EIIF
.(:)(:)4(:)
.(:)18(:)

-..,.-.--,--

.(:)1(:)(:)

.(:)(:)4(:)
(:)

(:).00(:)0(:)

RUN: 1

MAX F:’R MUZZLE

‘!>”55 15.71
4(:).(:)2
X:3.28
34.81
2209.
lH.4
E39Y.

1(:)152.
1.000
1“(:)(:)(:)
.4>?8

10.78
1!:).TS
9.:)1
16&2.
2::,5.[:)
262?6.
2463.
1.00(;)
1.(:)!:)(:)
j,.(j(:)o

. 7c)c)
j8(:)(:)(:)(:).

1533.
1.(:)(:)(:)(:)
o(:)15(:)0
- l.~~f:)
30. 000
(“)-f40(:)....
1-FERF

3(:).(:)74(:)
6. 175C)

.,.--.-......

6.(:)153(:)
“(:)[3(:)(:)

(:)
(:). (:)(:)(:)(:)(:)

PRCIP 1
BURNT
1.65

M31 ~SSF

29.750
:32135(:)(:1,

258’7.
.752(:)

.(:)(:)1602
1.251

:Zc).580
.(:)!593(:)

SLOTTED
I(:).(:)(:)(;)o

.2355

.(:)1(:)(:)

.0785

.(:)7H5
c)

(:).0(:)(:)(:)(:)

82/12/(:)El.

FRCIP 2 FROP 3
EiURNT E{LJRNT

3, 8(:) 13.95
21.(:)1 14.”7-T
20. 1.9 14. 1.3
18.5;5 1s!.93
24:36. 177H.

:,) lEIO.Y
+ 246E3.

4H02. 351(:).
1.()(:)(:) 1.(,)(:)0
1,(:)(:)[:)j.00(:)
.1,34 I.(jC)c)
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14(:) C)--CLI-1N CHAM; :3/4 OF 4(:).C)--KPSITOP-ZONE NT

GUN TYFE: DSWS 140(2 BORE LENGTH: 235.0 IN
CHAM13EF(V(ILLIME: 140C).OCI CU IN TIME STEP: .100 MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
GRC1OVEILAND RATIO: 1.66(3 BORE (3REA: 29.628 SL! IN
TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO: 6.0
PRESSURE GRADIENT: LAGRANGIAN EROSIVE COEFF: C).0(:)0(:)(:)00
PROJECTILE: M54961 F>ROJ WT: 95.C)OO LB

ENGR6VING & FTRICTI(3NAL RESISTANCE [tFS1’2 V!5. “TRAVEL [INI:

‘TRAVEL.: 0.(30 .40 I.00 1.53 2.05 4 ● 5C) 2(:)0.00
RESISTANCE: 7. 2!3 .J . ~3!5 4.95 3.6.3 3.25 2.5(:) 1.5(:)

F’RCIFELLAN”T CHI CC)M)3CASE
WEIEiH1- CL132 . i [3s

IMPETUS [FT-1..H/LBl 3461B0.
FLAME TEMF [K]
~LPH/1
ElET9
G6MMG
C(3VCIL [CU IN/LEl:l
DENS CL13/CU IN]
GROIN TYFE
GRAIN LEN [INI
GRAIN D19M ~INd
SLOT WIDTH [IN]
F’ERF DIAM [INI
INNER WEB [IN]
IGNITION CODE
THRESHOLD VALUE

CONDITIONS AT:

TIME [MS]
HIT PRE!3 LKF’SII
MN F’RES EKF’SI1
)3s F’HES CKI=’SII
MEAN TEMFI [1<1
TRAVEL- [INI
VEL [FFSI
ACCEL CC+*SI
FR HRNT PROP 1
FR HRNT F’RC)F’2

3(:)34.
.B.55C)

.(:)(:)(:)E12(5
1 ?“~~.&...

29.(5H(:)
.c)6(:)~3
1-FERF
.C)(34C)
.(:)lHC)

—------..—

.01(:)(:)

.(:)040
(:)

c)“0(3000

RLIN: 1

MAX FR

E1.43
2!3.4Q
24. (s5
22, 9a
2311.
18.6
’724.

6442.
1.000
1.c)(:)(:)

MUZZLE

19.82
[3.15
7.92
“7.44
17:3(:).
2r\5j.c)
2143.
182Et.
1.C)OC)
1.(:)(:)(:)

. 7(:)(:)
180fJOC).

1533.
I.oc)c)o

. () (:)1 !5(:)c)

1 .250
3(:). (:)(:)(:)

(-)T 4c)c)...-
1--FERF

3(3.c)7&(3
6. 17!5(:)

----------

6.(>15(:)
.0800

(:)
c).0(:)00o

FROF’ 1
BIJRNT
2.05
y T.....&7
~.~1

3. j,(:)
2579.

.2
19.

444.
1“(loo
.1:?0

M31 ,SSP
9-&&.31r]

32E35CJ0.
25E17.
.7520

.(:)(216(:)2
11.25

:3(:).Sa(j
.05930

SLOTTED
1c).c)c)(:)c)

.2X55

.01(:)0
,(:)785
.(3783

(:)
c).(:)(3()(:)0

E12/12/(j8.

PROP 2 FROF’ 3
BURNT 13LIRNT
5.(35 19.35

14.85 0.67
14.43 8.41
1:3.!59 7.9(:)
2414. 1754.

T4.2 223. (:}
1:39. 211,4.

32!57, 1973.
1.00(3 1,(:)00
1.(:)(:)(:) 1.(:)(:)(:)

FR 13RNT FROF’ 3 .411 1.C)C)C) .025 .1.43 1.c)ij~
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14(:)0-CU-IN CHAM; 1/2 OF 40.(:)-KPSI “TOP-ZONE

GUN TYPE: D5WS 1400 EORE
CHAMBER VOLUME: 14(:)(:).(:)0CU IN TIME
GROOVE D14ME”TER: 6.200 IN LAND
GROCK/E/LAND RATIO: 1.A6(I BORE

WT

LENGTH: 23!3.0 IN
STEP: .1OC) MS
DIAMETER: 6.1OC) IN
AREA : 29.828 S(J IN

TWIST: ONE TURN IN 20.0 CALIBERS EXPANSION RATIO: 6.(3
F’RE:!3EHJRE GRADIENT: L9GRANGIRN EROSIVE COEFF: O.(:)C)C)(:)(:)C)C)
PROJECTILE: MS49G1 PROJ WT: 95.C)C)OLB

EN[2R(7VING $/FRICTIONAL RES1ST9NCE [KFSI1 Vs. TRAVEL [INI:

TRAVEL: 0.00 .40 1.0(:) 1.!55 2.03 4.50 2C)C).OC)
RESISTANCE: ,7K

J
~

“ -,. %.,” T5 4“93 3.63 3.25 2.5(:) 1.3(:)

F’RIIF’ELLRNT CEI COMB CASE
WEIGHT CLHI .1Elt3
IMF’ETIJS[FT--Ll3/LEIl 346180.
FLAME TEMF Cl’:] 3(:)34.
ALPHA .865(:)
EIETA .0(](:)826
GRMMA 1 ~~~“A...
CC)V(3L.LCIJ IN/L.113 29. (5[3(:)
DENS CLB/CU INI
GRAIN TYPE
GRkiIN LEN [IN:I
GRAIN DIAM [INI
SL(3”TWIDTH CINI
FEHF DIAM ~INl
INNER WEE [IN:I
IGNITION CODE
THR’E!3HC)LDVAL.IJE

TRAVEL [INI
VEL. [FFSI
RCCEL LG’!’31
FR 13RNT PROP
FR ~{RNT PRQ12

FIT EtRNT PROP

. (:)&(:)33

1-FERF
.0(34(:)
.0100

---------

“01(:)(;)
,(:1(:)4(:)

c)
0.o(:)(:)(:)(:)

RUN: 1

MfiX F’R MIJZZ1-E

11.:?5 26. 2jEl
15.“79 !3.1’7

5.cm
4*HY
1’737.
2:33.c)
1631.
1(:)4(:1.
1.000
1,(:)(:)(:)
.c?69

. 70(:)
18C)OC)0.

15!33.
1.0000

.c)(:)15(:)c)
1.2!50

xc).(:)(:)C)
.[:)340(3
1-F’ERF

3(:).(:)7(5(:)
6.1,750

---...”.----

6.013C)
.(:)H(:)(:)

c)
(1“(:)0(:)(:)(:)

PROP 1
RLJRNT
2.60
,-,,-)7,A.4.+>

2.17
2W34 .

145.

“ 026

M2!1,SSP
14*H75

328!500.
2507.
.7320

.(3(:)1($(32
1.251

~(:).58(:)
.(:)593(:)

SLOTTED
1(j.(Jc)c)o

.2353

.(:)10(3

.0765

.(:)78:7
c)

(:).(:)(:)(:)00

82/12/(:)8.

PROP 2 FK’CIP3
131JRNT EIIJRNT
“7.0(> --#,----

10.0”7 ““....“”--.

9.90 -,-”---

9.!56 ,-------

2382. .-..-.....,-

1.G -,--...,-.

a6. ---....-

1919. -------

1.00(3 ..-...-.-

1.o(:)(:).-.--”-.-”

● 156 -------
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14(:)(:)-CU-INCHAM; 1/4 OF 40. C)-KFSI T(IP-ZONE WT FROM 1400-CU-lN
CHQM; ATTEMF’T TO SIZE CHAM FOR ZONE 2

GIJN TYPE: DSWS 1400
CHAMBER VOLUME: 1400.00 CU IN
GRO[3VE DIAMETER: 6.200 IN
GROOVE/LAND RATIO: 1.660
TWI!3T: ONE TURN IN 2(:).0CALIBERS
PRESSURE GRADIENT: LAGRANGIAN
PRC)JECTILE: M549A1

ENGRAVING & FRICTIONAL RESISTANCE

TRAVEL : c).00
RESISTANCE: .2!3

PROPELLANT
WEIGHT [LB]
IMPETUS [FT-LE/LEIl
FLAME TEMFI [K]
6LF’HA
13E”TA
GAMMA
COVOL llCU IN/LE3
DENS [L13/CU INI
GRAIN TYPE
GRAIN LEN [INI
GRGIN DIAM LINI
SLOT WIDTH CINI
F’ERF DIAM CINI
INNER WE13 [IN]
IGNITION CODE
THRESHOLD VALUE

CONDITIONS AT:

TIME CM!31
EIR PRES [KPSII
MN PRES [KPSII
J5S F’RES [KP!311
MEAN TEMF [K]
TRAVEL LINI
VEL [FPSI
ACCEL CG’SI
FR HRNT PROP 1
Fh’ ERNT F’RC)P2
FR EIRNT PROP 3

BORE LENGTH: 235.0 IN
TIME STEP: .1OCI MS
LAND DIAMETER: 6.100 IN
BORE AREA: 29.828 SG! IN
EXPANSION RATIO: 6.(3
EROSIVE COEFF: 0.0000000
PROJ WT: 9!5.0(:)(:)LB

[KFSI1 VS. TRAVEL LINI:

,4(3 1.(:)0 1.5!5 2..(:)5 4.!50200.00
3.33 4.93 3.63 3.25 2.50 1.50

cEII
. 188

346180.
3(334.
.8650

.000826
1.233

29.680
.06033
1-FERF
.(:)(:)4(:)
.0180

..---.----

.01CKI

. (:)(:)4(:)
o

(:).00(:)(:)0

RUN: 1

MAX FR MUZZLE

COMEI CASE
.700

18(X)(:)(3,
1353.

1.(:)(:)0(:)
.0C)1500

1.250
30. C)ocl
.(:):34(:)(:)
1-FERF

Z(].(:)76(:)
6.1750

-------..-

6.0150
.(:)8(:)(:)

o
(:).00(:)(:1(:)

1(5.75
8.6(3
8.59
El.42

23C)C).
1(2.5
289.

1t!160.
1.000
1.(>C)C)
.393

41.23
n “1!& .->.
2.!51
2.49
1691.

m7G
4.JSJ. o

1016.
29s .
1.C)clo
1.(:)(30
.962

PROF’ 1
BURNT
3.43
1,4(:)
1.40
1.41

2393.
9.*

6.
““-43.
1.000
.116
.027

M31 , SSF
7.438

328!50C).
2587.
.732(3

.001602
1.251

30. 5Qo
05930

SLOTTED
1(:).(:)(:)0(3

.2355

.(:)1(:)(3

.078!3

.0785
0

(:).(:)(:)(:)0(:)

F’ROF”2
EIURNT
10.7s
S.8!3
5.84
!5.s1
2.302.

.9
29.

3j.3.
1.000
1.(:)(:)(:)
.173

F’ROP 7)
BURNT
-----
------
-----
--------
-------
-----
---.--
------
-----
------
-----
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1202 --CU-IN CHAM; 1/4 CIF 4(:).(:)-KPSITOP--ZONE WT FROM 14(:)(:1--CU-IN
CHAM; ATTEMPT “TO SIZE CHAM FOR ZONE 2

tilJNTYPE: DsWs 14(:)(:) BORE LENt31-H:235.(:)IN
CH~MHER VOLIJME: 1202.31 CIJ IN TIME STEP: .1(:)0MS
GROC)VE DIAMETER: 6.:2(:)(:)IN L.GND DIAMETER: 6.1(:)(:)IN
G13CltlVE/LRNDllA””rIO:1.66(:) E3C)REAREA: 29.E32H SL! IN
TWIST: C)NE ‘TLIRNIN 2!(:).(:1COL.IHER!3 EXF’ANSIC)N RA’TIC): (fJ.El
PRESSURE GRADIENT’: L.AGR9NG1AN EROSIVE COEFF: 0.(:)00(3(:)00
FRO,JECT1’LE: M!54<?t4i FRO,] WT: 95.(:)(:)(:)L.B

ENGRAVING & FRI’CTIONAL RESISTANCE EKPSII VS. TRAVEL [INI:

“TR’RV!EL.: (:).(:)(:)
REGISTRNCI;: .25

PF(CIF’ELLAN1-
WEIGHT LLE{:I
IMF’E”l-[JS[l=T-L.E{/L.13d
FLGME ‘rEMF’[Kl
ALPHA
13EI-R
GAMM9
CCIVIIL[CU IN/L.J33
DENS [L.J3/CLJ INI
GRAIN TYI=’E
Gf2f?IN LEN [IN3
GRAIN DIAM ~INl
SLC)T WID’l”HLINI
F’llli’FD:[(3M[IN3
INNER WEE [INI
IGhlI”T:IONCC)DE
THRE!3H(:)L..1IVhLLIE

CCINDITIC)NS hi-:

CJ31 COME CASE
.18U .70(3

7)461S(:). 1H(:)(:)0(:).
3034. ll%J~xJ”

.[365(:) 1“(:)(:)C)(:)
.(:)(:)(:)81}40 .(:)(:)15(;)()

1 ty.yR.A.-I..) 1 ■ ~~(:)
29.l>8c) 3(3,00(:)
.(:)6(3:~T ,(:):r4(:)(:)
1-F’ERF I’-F’ERF’
“(:)(:)4(:)3(:).(:)’7(5(:)
.(>1Qc) 6. 1’730

.. “..,..,-..,,,,. ,.,”...-.,.,.,-.,..,-.

“(:)100 L).0150”
“(:)(:)4(:) .(:)[:1(:1(:)

(:) (,)
(:).(:)(:)(:)(:)(:)(:).(’)(:)(:)(:)(:)

RUN :

M31 ~S!3F
7.438

32s50(:).
258-7.
.75 2!(:)

.()(:)16(:)2
lm:~~l

:1(-).3QC)
.(:)!59T(:)

SLOTTED
i(:1.(:)(:)(:)(:)

.2355

.01(:)(:)

.(:)”7H5

.c)7Ej5
o

(:).(:)(:)(:)(:)(:)

82?/ 12/08.

PROP 3
BURNT
“..--------
,...... .. ..” --

- .-.... . . .-
,,”. . . . . . . . . . -.

..- ---- . . . . .-

. . .- . . . . . -

- ------ ..
-..- -------
..-.--., ... ...
-. .- . ... . .-
.- ... ,.,.. ...
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6C)1-CIJ-IN CHRM; 1/4 OF 4C).O--KPSI TOP-ZONE MT FROM 140C)-CU-IN
CHAM; ATTEMPT “TO SIZE CHQM FOR ZC)NE 2

GUN TYPE: D$IWS 14C)0 130RE LENGTH: 235.0 IN
CH9MBIZR VC)LUME: 6(:)1,15Cu IN TIME STEP: .1(:)(:)MS
GRCIOVE DIAMETER: 6.200 IN LRND DII+METER: 6.1(30 IN
GR(30VE/LRND RG)TIO: 1.66C) BORE AREA: 29.828 !30 IN
‘TWIST: ONE “TIJRNIN 2C).C)CAL.IBERS EXPANSION RATIO: 12.7
PRESSURE GRADIENT: LAGRANGIaN EROSIVE COEFF: (:).(30(:)(>(:)(:)(:)
F’ROJECTILE: M549A1 F’ROJ WT: 9!5.(300 LB

ENGRAVING & FR1’CTIONAL. RE!31!3TANCE [l”::PS1’3VS. T17fiVEL [INI:

TRHVEL: c).00 .4(3 1.0(2 lm~q 2.05 4.30 200.00
RESISTANCE: .25 3.35 4.9!5 3.423 :3.23 2!.!50 1.!5(:)

PROPELLANT
WEIGHT EL,E{I
IMF’E”TLIS [FT-LB/LBl
FLAME TEMP CK3
ALPHA
BET(?
GAMMf)
COVOL CCIJ IN/L131
DENS [L13/CU INI
GRAIN TYPE
GRAIN LEN ~INl
GRAIN DIAM CIN3
SLOT WIDTH [INI
PERF DI.AM EIN2
INNER WEB CINI
IGNI”TICIN CC)DE
THRE:SHnLD VALUE

CONDITIONS AT:

TIME [M!33
~{R PFtES [t::pS]]
MN PRES LKPSII
B!: F’RE!3 LKI’’SI:I
MEAN TEMP [K]
TRAVEL CINI
VEL. CFF’SI
hCCE:L.[G’S]
FR F3F?N”rPROP 1
FR HRNT PROP 2
I’R BRNT FROP 25

CEII
. 1 EH3

34618C).
7!(:):3,4 .
. 86!50

. (:1(:)(:)826
~ . ~:~q

29.68(:)
. (:)6(:)33

1 -PERF
. (3(34(3

. C)1a(:)
----- --

. (j1(:) (:)

. 0(:)4(:)
(:)

c).(:)(2(3(30

COME CASE
.“7(:)(:)

18(30(3(:).
1553.

1.(:)00(3
.0(:)15(:)(:)

1.2?50
3(:).(:)(:)(:)
,(334(:)C)
1–F’ERF

Zc).O’76CJ
6. 1“7!5(:)

----..---

6.(:)15(:)
. (;)8(](3

(:)

(j. (:)(:)0(3(3

MZ?I.9SSP
“7.43H

32Q50(2.
2!387.
.752(3

.(:)(:)16(:)2
1.2!51

30 .!58(:)
.(:)5930

SLUTTED
lC).00C)C)

.Z)=J=J

.Oloc)

.(3785
,(37E35

(:)
0.(:)0000

RUN: T 82/12/(:)8.

MAX F>R

!5.85
1:3.34
13.39
13.OQ
21E3!5.

!3.9
280.

3317.
1.C)(Jo
1.(:)(:)(:)
.218

MUZZLE

~em~l

~ 1.4. .
2.13
2.12

1521.
233. rJ

1C)50.
1“79.

1.000
1. (:)(:)C)

.804

PROP 1
BURNT
1.4!5
3.7!5
3.72
3.67

2!564.
.2

24 .
6(:)70

1.000
. 132
. (:)24

PROP 2
BURNT
4.3(3

12.39
17 P6-,*
12.(:)(:)
22!:)9.

.-$~.3
143.

279(:).
1.00(>
1.(:)(:)(:)
.142

PROP 3
13URNT
..”--------
------
. .- ...- -
------
. . . . . . ..-
------
--------
,-------
--- -------
------
-----
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x(:)j.-CLj--INCHGM; 1/4 OF 4(:).(:)-KFS1“TOP--ZONE WT FROM 14(:)(:)-CU-lN
CHQM; ~TTEMf2’rT(_JsIZE r’H~M FOR ZONE ~

GLIN TYPE: Dsws 14CKJ EIORE LENGTH: 23!5.0 IN
CH41ME{ER VOLIJME: 3(:)c).5H CU IN TIME STEP: .1(:)(:)MS
GROOVE DIAMETER: 6.200 IN LAND DIAMETER: 6.100 IN
!3ROt)VE/LAND RRTI(3: 1.66(:) 130RE AREA: 29.E12ElS0 IN
TWIST: ONE “TL,JRNIN Pc).c)CAL.IHEF(5 EXPANSION RfiTIO: 24.3
F’RE!3SURE GRADIENT: LAGRAN(31AN ERO!31VE CC)EFF: O.(:)OC)OC)OC)
F’RIIJECTILE: M549A1 FROJ WT: 95.OC)O LB

ENGRAVING & F:RICTIUNAL. RES1!3TANCE [KFS13 VS. TROVEL” [INI:

TRAVEL.: (:).0(:) .4.(:) 1.(:)(:) 1.53 2.05 4.30 2(:)(:).00
RE!31ST9NCE: .2!5 3.3!3 4.9!3 3.4)3 3.2’5 2.5(:) 1. !5C)

F’RCJF’EL.LANT CHI CCIM13CASE M31 ,E3SF
WEIGHT ELEII . 108
IMF’E’Tl.JS [FT--LH/LHl X4618C).
Fl_f3ME TEMP Llll 3(:)X4 .

GL.F’HA .865(:)
E{ETA .0(:)(:)82!6
GAMMA i 7T3“,-.“.
C(3VUL [CIJ IN/LEll 29. 6[3C)
DENS !lL13/CU INI .(:)6(:)33
i3Ri41NTYPE 1--FERF
GR,41N LEN [IN I .c)(:)4fJ
GRAIN I)IAM [INI .c)1a(:)
!31.U’T hJ:[I)’TH CINI -. .. ,- .-..- -

IFIITF(F D]QM [IN:] . (:)j, (:)(:)

lNNE:R WE:H EIN:l . () (:)4()

:[GNI’’I-I(3N C[:II) K!! (:)

THRE:S14CILD VALUE (). (:)(:)C)(:)()

RUN: 4

CQNDITIUN!3 AT: M9X F’R MUZZLE

22. 4-7
1.“7(5
1 a 76
~.~:;

1:354.
‘~’T’:;.0+,.,.,.
1c)a9.
(548

1.()()[+
1.I:)(:)C)
.7c)3

“ “7(:)c)
18(:)OC)0.

~q~~.

1.C)c)oc)
“(:)C)1!3(:)C)

1. 25t;)
30. (:)(:)(:)
.03400
1-FERF

xc).0760
6. 1’75C)
-......,!...-.

/) “ (:) 1 :5(:)

.(:)[3(3(:)
(:)

(:).(:)(:)C)OO

F’RtIF1
EILIRNT

. 60
11.49
11, .35
11. (:)6
2506,

. 1
4(3.

:3(:)73 .
1 ● c)(:)(;)

“ 1(5-7
. <)23

7.fi3#
32X35(NI.

2!5$37.
.7520

.(:)(:)1602
1.231

3(:).58(:)
.C)5’?30

CJL(]l”l”ED

1c),Cl(j(>()
.23s5
.(:)I(OC)
,(:)’7a5
.c)’7Ej5

C)
(:).000(:)c)

8:?/1.2/(:)[3.

PROP 2
E{IJRNT

1.75
~~, f}q

28.10
2“7. 4(:)
21 C)1.

1.s
?).-l+9.* ..”

7513.

1. (:)c)(3
1. (:)c)(:)

. 116

PROP 3
13URNT
-------
,-------
-,-, ---
---, ---
------
. . . . ....-
. ...-!--.-

-. .- ,-..-”-
--- ..-“. -

--------

.- !.. - -.. -
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13(:)--CU-IN (3++Mf 1/4 OF 4C). (:)-KFS1 TOP ZONE FROM 14 C)C)-CU-IN
CHGM; ATTEMPT TO SIZE CHRM FOR ZONE 2

GIJN TYF’E: D!3WS 14(:)C) BORE LENGTH: 233.0 IN
CHAMBER VOLUME: 150.29 CL! IN TIME STEP: .100 MS
GROOVE DIAMETER: A.200 IN LAND DIWIETER: 6.l(jO IN
GR[lOVE/Lf’+ND RATIO: 1.66(:) BORE AREA: 29.@2.8 SC! IN
TWIST: ONE TURN IN 20.C) CALIBERS EXFAN!310N RATIO: 47.6
PRESSURE GRADIENT: LAGRANGIAN EROSIVE COEFF: O.(>OOOOOC~
F’1711JECTILE: M!549A1 FROJ WT: 95.(>(:)(:)LB

ENGRAVING % FRICTIC)NAL RESISTANCE [KPS12

“TRAVEL: C)”c)(:) .4(3 1. O(3 1.55
RESISTANCE: “ 27J 3.3!5 4.95 3.63

PROPELLANT
WEIGHT [L.i31
IMF’ETtJSCFT--LB/LEtl
FLRME TEMP [K]
(4LF’HA
EiETG
GAMMA
COVGL,. [CU IN/L.H3
DENS tL13/CU IN]
GRAIN TYPE
GRRIN LEN [INI
GRAIN DIAM [INI
SLOT WII)”T’HKINI
FEK’F DIAM [IN]
INNER WEB [IN]
IGNITIDN C[3DE
THRESHOLD VALUE

C131 COMB CASE
. 188

346180.
3(:)34.
.86!50

.0c)(:)82A
i.~~~

25’.68C)
.(j6c)33
1-FEK’F

. 0040

.(j18(:)
------ -

. c)1(:)(:)

.C)C)4C)
(:)

c).(la(:)0(3

. “7(:)(:)
18C)C)O0.

1!333.
1.Clc)c)()

.(:)CI15(3(:)

1. 23(>
3(:).(:)(2(:)
.03400

1-PERF
~(:). (376(3

6. 17!5C)
---—- --

6.(:)15(:)

. (38~0

(:)
0. C)c)c)oo

VS. TRAVEL IINI:

2.(35 4.!50 20(3.00
3.25 -!A .!3(:) 1.!3C)

MZil~SSP
7.438

32850(3.
2!387.
.732(3

.(:)(:)1602
1.231

?,(:).500
.0593(3

SLOTTED
Io.000c)

.2333

.Oioo

.(:)’785

.0785
(:)

(:).c)0o(:)c)

*STATE* ZERC)/NEGATIVE VOLUME

u-u-it RUN !5 VOIDED ***
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No. Of

-

12

1

1

2

1

1

1
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