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the initial negative differential pressure was also determined.

Heat transfer measurements were made with the base—ignited XM2O1E2 charge
and the center—core ignited ~ 1201El , XM119E4, XM203E2 , and MU9 charges. The
heat transfer results suggested that the wear—reducing liner in the )U4201E2
charge did not exert any influence on heat transferred to the barrel, It was
noticed that the XM2O1E2 charge had an ignition delay of more than 200 ma. By
shortening the ignition delay the wear—reducing liner in the XM2OIE2 charge re-
duced heat input in the same fashion as the center—core ignited XM2O1E1 and

~1ll9E4 charges. The wear—reducing liner in the XM203E2 charge was the most
effective.

Despite the reduction in heat transfer for the XM2O1E2 with the shorter ig-
nition delay , the heat input is still significantly greater than the heat input
of the Mll9 charge. It was found that the addition of an extra liner of Ti02/
wax to the XM2O1E2 charge with a black powder igniter resulted in heat input
comparable to the Ml19. The addition of the extra liner to the XM203E2 charge
reduced the heat input in like fashion. This suggests the possibility that the
wear life of both the zone 7 ~ 420 1E2 charge and the zone 8 XM203E2 charge can
be increased by modifying the additive.

Temperature measurements and initial negative differential pressures were
taken for M6 and Ml5 propellant versions of the XM2O1E2 charge. For the M6
vers ion , heat input was similar to the M1l9 charge and no negative differential
pressures were observed at 25mm stand—off. The Ml5 version had ignition delays
greater than 300ius which meant that significant preheating occurred . Nonethe—
less, it is felt that the wear life of the MI.5 version should be similar to the
Ml19 charge.
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I. INTRODUCTION

The 155mm propelling charge, XM2O1E2, is 1n~the final stages of
engineering4development as a replaàeme’iit for the Ml19 propelling charge.
Among the requirements set for acceptance of the XM2O1E2 charge is that
the wear life of the gun tube must not be reduced . , Since the XM2O 1E2
charge is composed of triple—base M3OA1 prope1~~~ ,t while the M119 charge
consists of single—base M6 propellant ~~t~he developers of the XM2O1E2
charge included a Ti02/wax wear—reducing liner to try to insure that the
wear life of both charges would be the same. During the wear test of
the XM2O1E2 charge, it was soon evident that the XM2O1E2 charge was more
erosive than the Mll9 charge~~

.
~bA hypothesis was tendered that the wear—reducing liner in the

XN2O1E2 charge was not exerting any influence on the wear rate. In
order to test this hypothesis and to suggest ways to reduce the erosive—
ness of the XM2O1E2 charge, heat transfer measurements were made in a
155mm Ml85 cannon firing various propelling charges equipped with and
without wear—reducing additives. Similar measurements were performed
previously in a 37mm gun and in ~1~e 105mm M68 tank cannon)~,

L In both
guns’~ 1ie wear—reducing additives, reduce the erosion rate of the cannon,
and the heat transfer measurements detected significant differences in
the total heat transferred to the gun barrel in the presence of the
wear—reducing additives.

II. EXPERIMENTA L

Temperature distributions in the M185 cannon were measured by means
of four thermocouples inserted at different radial distances from the bore
surface , but all were located at the same axial distance from the rear face
of the tube. The thermocouples were made by spot—welding 0.13mm diameter
constantan wires onto the gun steel. A detailed description of the
technique has been previously published ;3 of particular note is the care
needed to measure properly the distance from the constantan—steel junction
to the bore surface.

The test firings were conducted with cannon serial number 22541 from
which 730 rounds had been previously fired . The multiple stargage
measurement and inspection data are given in Appendix A. The constantan
wires were placed 90° apart at a distance of 101cm (39.6 inches) from
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the rear face of the tube. The four thermocouples were 0.81, 1.0, 1.5,
and 2.6mm from the bore surface (corresponding to 32, 41, 60 , and 102
mils from the bore surface), and each thermocouple was placed over a
groove. The chamber pressure was measured with a 6O7C Kistler gage
located in the spindle. For selected rounds differential pressures
were measured with an additional 607C Kistler gage located at 85.5cm
(33.6 inches) from the rear face of the tube. The velocity of the pro-
jectiles was measured with two coils a known distance apart. The dis-
tance from the muzzle of the gun to the first coil was 25.3tn.

Table I summarizes pertinent characteristics of the propelling
charges used in this investigation. The two charges with Ml propellant
were used as “clean—out” rounds. All charges were conditioned overnight
at 21°C (70° F) .

The firing sequence is listed in Appendix B. All rounds equipped
with TiO2/wax liners were followed by clean—out rounds. Clean—out rounds
were also fired to star t each morning and af ternoon ’s firing. The zone
7 charges were fired with a 6mm stand—off except where noted . All
XM203E2 firings had a 25mm stand—off.

Sufficient Ml07 projectiles were unavailable, therefore , M107 pro—
jectiles modified for firing at zone 8 had to be used instead . Standard
Ml07 projectiles were fired with the XM2O1E2 and the Mll9 charges.

The rationale behind the firing sequence in Appendix B is summarized
below by listing objectives and the tests made to meet those objectives :

Objective Tests

1. Compare heat input for the XM2O1E2 and M119 charges with both
XM2O1E2 charge with the Ml19 charge. M107 and Ml07 modified projectiles.

2. Measure influence of wear—re— XM2O1E1, XM2O1E2, XM119E4 , and
ducing additives on heat transfer . XM2O3E2 charges with and without

wear—reducing liners.

3. Test the influence of the pro— XM2O1E2 charge with the M107, M 1O7
jectile. modified , M549 RAP , and the M483A1

projectiles .

4. Compare heat input of base—ig— Based—ignited M6 and MlS charges
nited M6 and Ml5 propellant with the were fabricated and f4.red .
center—core ignited M119.

5. Test the effect of ignition Clean—burning igniter in the
delay . XM2O1E2 charge replaced with black

powder igniter from the M4A1
charge .

8
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Objective Tests

6. Attempt to reduce heat input of XM2O1E2 charge with flaps in the
XM2O1E2 charge. Ti02/wax liner with ablative

coolant, and with a Ti02/wax liner
against the chamber wall.

Table II correlates these test objectives with the individual tests in
Appendix B.

Three modifications were made to the XM2O1E2 to try to reduce the
heat input to the barrel. Two modifications were ba8ed on previous ex-
perience with the Ti02/wax liner in the 105mm M68 tank cannon. In con-
trast with the liner in the XM2O1E2 charge, the Ti02/wax liner in the
M392 APDS round rests flush against the chamber (in this situation, the
cartridge case), the liner has flaps folded over the forward end of the
propelling charge, the Ti02/wax side of the liner faces the propellant ,
and the additive rests against the base of the projectile. The first
modification to the XM2O1E2 liner was to incorporate flaps on the for-
ward end of the zone 7 segment of the XM2O1E2 charge. The second modi-
fication consisted of the construction of a T102/wax liner with the same
diameter as the chamber , was equipped with flaps, and was pushed against
the rear of the projectile. This modification is referred to as a Ti02/
wax “Cap”. The cap was made from two T102/wax liners from th. 105mm tank
cannot’, The flaps were lengthened to 9cm; the TIO2/wax cap was 32cm long
including the flaps and it weighed 0.24kg (0.53 pounds). The third modi—
fication was to eliminate the T102/wax liner and replace the liner with
“ablative coolant,” a gelled silicone grease developed by Caispan Corp.
A liner of gelled silicone was made by spooning 0.45kg (1.0 pounds) of
gelled silicone into a polyethylene bag. The liner was approximately
25mm x 25mm and it was taped to the forward end of the propelling charge.

III. RESULTS

Figure 1 depicts a typical plot of temperature vs time at each
thermocouple. -The estimate of the net heat input was made from the
temperature measurements at 100 milliseconds from initial pressure
rise. At this time, no significant further heating of the barrel by
the propellant gases is taking place , and axial heat conduction should
also be negligible.

The total heat in a given volume of the gun barrel is given by

Q pC Vl~T , (1)

where Q = heat input in volume element , V
a = density of gun steel ,
C = specific heat of gun steel,
V volume ,

12T = temperature rise of gun steel in volume element , V.

10
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Table II. Correlating ID Numbecs and Program Rationale

Charge Projectile Modification ID Numbers

XN2O1E2 Ml07 None 64, 72, 87
M1l9 Ml07 None 99, 99A
XM2O1E2 Ml07 mod None 53, 66, 74
Ml19 M107 mod None 58, 79, 98
XM2O1E2 M549 None 83, 103
XM2O1E2 M483A1 None 85, 105
XM2O1E2 M107 mod 2.5cm stand—off 151, 153
XM2O1E2 M107 mod w/o liner 52, 62, 70
XM2O1E2 M107 mod w/o liner , BP igniter 91, 92
XM2O1E2 Ml07 mod w/o liner , ablative 88, 89

coolant
XN2O1E2 M107 mod w/o liner , Ti02

/wax cap 107, 109
XM2O1E2 Ml07 mod BP igniter 94, 101
XM2O1E2 Ml07 mod BP igniter , Ti02/wax 132, 134

cap
XM2O1E2 Ml07 mod f laps 118 , 122
XM2O1E2 tllO7 mod flaps , BP igniter 128 , 130
XM2O1E2 M107 mod M6 propellant 112 , 116 , 120
XM2O1E2 M107 mod M6 propellant , 2 .5cm 148 , 150

stand—off
XM2O1E2 Ml07 mod Ml5 propellant 113 , 117 , 121
XN2O1E2 M107 mod M15 propellant , 2.5cm 147 , 149

stand—off
XN2O1E 1 Ml07 mod None 56 , 77 , 96
XN2O 1E 1 M107 mod w/o liner 55 , 71, 76
XN119E4 M107 mod None 60 , 68 , 81
XM119E4 M107 mod w/ o  liner 59 , 63 , 80
XM203E2 Ml07 mod None 137 , 141
XM203E 2 Ml07 mod w/ o liner 139
XM203E2 M 107 mod Ti02 /wax cap 143

Since the temperature in the gun barrel varies with radial distance
into the gun tube , the net heat input into the gun barrel is computed
as follows. Equation (1) is recast in d i f f er e n t i a l  form as:

dQ = PC tITdV (2)

For a unit axial length of one millimeter , the temperature is assumed to
vary in the radial direction only, therefore

dQ pC 9~ATdA - (3)

11
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Fi gure 1. Temperature vs Time for Unmodified XM2O 1E2 Charge (ID 74)
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For a hollow cylinder  of un i t  axial  length ,

dQ pC 2Tr rATdr , (4)
and

Q = 2~ pC f
r~~~~

Tdr (5)

where r~ and r are the inside radius and outside radius of the gun
barrel , respec~ ively, and AT is the temperature rise at a distance r
into the tube wall.  The integral in Equation (5) is solved graphical ly
by visually f i t t i n g  a smooth curve through the four  available values of
r .~T vs r and then measuring the area under the curve . The values of
the densi ty  and speci f ic  heat of gun steel used in Equat ion (5)  are
7.85 g /cm 3 and 0. 419 J / g — K .

Table III l is ts  the heat t r ans fe r  resul ts  fo r  all f i r i n g s . A sing le =
p lot  of rAT vs r was made for  replicate f i r ings  using mean values of AT
at  each r .  The XM2 O1E2 charges with the clean—burning ign i t e r  had the
widest va r ia t ion  in AT because of var ia t ions  in ign i t ion  delay which re-
sulted in different amounts of preheating . For the XN2O1E2 charges ,
plots  of rAT vs r were made for  each f i r ing . The values of Q ranged
from 820J to 780J . From a sing le plot of rAT vs r using the mean value
of AT , Q equalled 813J. Appendix C contains AT vs r and rA T vs r plots
for  all  the charges f i red during these tes t s .

Appendix 0 lists the mult iple  s targage measurement and inspect ion
data made at the conclusion of the tests. The vertical wear in the
grooves at 101cm RFT (39.6 in) was negligible while the wear in the
horizontal direction was less than 0.5mm. The vertical land wear was
much more significant (2 .3mm) especially considering the number of M4A2
and M4A1 charges included In the ninety—nine rounds fired in the course
of these tests. These charges cause negligible erosion.

IV. DISCUSSION

• The primary objective of these tests was to see if the wear—reducing
add itive in the base—ignited XM2O1E2 propelling charge was exerting any
influence on the heat transferred to the gun barrel near the origin of
rifling. As the results in Table III indicate , the wear—reducing liner
does not reduce heat transfer significantl y in this charge. In Table lv
the ehec t of the wear—reducin g liners for the XM2OIF.2 charge and three
center—core ignited charges is summarized along with previous measurements
from the 105mm M68 tank cannon firing the M392 APDS round .2 Th e polyure-
thane foam liner in the ~i392A2 round reduced the wear rate from O.Ol7mm f
round to 0.005mm/round .4 For the four 155mm propelling charges , the
XM2013 1’:2 charge had the largest reduction in heat transfer. Table V coin—
par es some ph ysical characteristics of the 155mm charges .
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Table III. Summary of Heat Input to the Ml85 Cannon for Various
l55tmn Propelling Chargesa

Charge Modification

XM201E2 None 813
XM2O1E2 w/o liner 824
XM2O1E1 None 701
XM2O1E1 w/o liner 750
XM119E4 None 702
XM119E4 wfo liner 764
XM203E2 None 702
X 14203E2 w/ o liner 793
M 1l9 None 677

• M6 version XM2O 1E2 697
Ml5 version XN2O1E2 787
XM2O 1E2 f laps 770
XM2O 1E2 M4A1 Igniter  712
XM2O 1E2 M4A1 igniter , w/o liner 764
XM2O 1E2 w/o std liner; Ti0

2
/wax cap 762

XM2O1E2 flaps, M4A1 igniter 721
XM2O1E2 M4A1 igniter std liner & cap 671
XM203E2 std liner and cap 651
XM2O1E2 M107 standard 764
XM2O1E2 14549 764
XM2O1E2 M483 762
XM2O1E2 Ablator 804
M119 14107 standard 677

a
MlO7 modified projectiles unless otherwise noted .

Table IV. Effec t of Wear—Reducing Liners on Heat
Transferred to Gun Barrel

Charge Q, J, with liner Q, J, no liner percent reduction

XM2O1E2 813 824

XN119E4 702 764 8

XM2O1E1 701 750 6

XM203E2 702 793 11

M392A2 round 372 426 13
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Since marked heating of the gun barrel was noted during the ignition
delay of the XM2O1E2 charge, experiments were done with the faster burning
black powder igniter from the M4A1 charge in place of the clean—burning
igniter on the XM2O1E2. These results are summarized in Table VI. It
is clear the total heat absorbed by the gun is reduced in the presence
of the faster—burning Igniter . Another interesting point is that the
wear—reducing liner in the XM2O1E2 now exerts significant influence on
the heat input to the barrel (764 J for no liner to 712 J with the liner).
In addition the heat input measured for the zone 8, XM203E2 charge, with-
out liner , is now higher than the XM2O1E2 charge with a comparable ig-
nition delay (793 for the XM203E2 ~~ 764 for the XM2O1E2). Nonetheless,
the wear—reducing liner in the XM203E2 charge is still more effective
at reducing the heat transfer (11 percent for the X14203E2 vs seven
percent for the XM2O1E2 with the M4A1 igniter).

Three separate modifications were tried to improve the wear—re-
ducing capability of the Ti02/wax liner in the XM2O1E2. From Table VII
one sees that the addition of flaps lowers the heat transfer to the gun
barrel , but the addition of flaps to the XM2OIE2 charge with the fast—
burning igniter does not further reduce the heat input to the barrel.

Table VI. Effect of Ignition Delay on Heat Transfer with
the XM2O1E2 Charge

Charge Igniter Ignition Delay ,ms 
~~~ Q~ 

J , no liner

XM2O1E2 CBI 210 (av of 6) 813 824

XN2O1E2 BP 78 (av of 4) 712 764

Table VII. Effect of Addition of Flaps to the Ti0
2
/Wax

Liner in the XM2O1E2 Charge

Mod ification Ignition delay , ins

None 210 (av of 6) 813

M4A1 igniter 78 (av of 4) 712

A d d i t i o n  of f l aps  300 , 172 770

A d d i t i o n  of f l a p s  110 , 88 721
+ M4A1 igniter
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• Another modification tested to mimic the TiO /wax liner in the
105mm M392 APDS round was a TiO2/wax “cap ”. The ~iO2/wax cap fit snugly
against the chamber wall, was equipped with flaps, had the Ti02/wax
side of the liner facing inward , and was placed at the base of the pro-
jectile. Results for the Ti02/wax “cap ” are presented in Table VIII.
The T1O2/wax cap was tested with unmodified )U1203E2 and ~ 12O1E2 charges
to also see the effect of adding additional wear—reducing additive.
The addi t ion of the cap to the XN2O1E2 charge without any liner was
about equivalent to adding flaps to liner in the unmodified XM2O1E2
charge. For both the black powder ignited XM2O1E2 charge and the
XM203E2 charge , the addition of the Ti02/wax cap afforded an additional
6—7 percent reduction in heat transfer . Whether this additional re-
duct ion in heat transfer is due to the extra quantity of additive or
to the placement of the Ti02/wax liner with the cap cannot be ascertained .

Table VIII. Effect of Ti02/Wax “Cap” on Heat Transferred
to the Barrel

charge Modif ica t ion

XM2O1E2 None 813
XM2O1E2 w/o liner 824
XM2O1E2 w/o liner , T102 /wax cap 762
XM2O1E2 M4A1 igniter 712
XM201E2 M4A1 igniter + T10

2
/wax cap 671

XN203E2 w/o liner 793
XM203E2 None 702
XM203E2 Ti0

2
/wax cap 651

As one studies these results, it seems that  the preheat ing of the
gun barrel prior to propellant ignition interferes with the wear—re-
ducing capability of the additive , but may not increase the erosivity
of the propellIng charge. If this is true , then comparison of the total
heat inputs to determine erosivity are biased by the inclusion of the
preheating. The reason for suspecting that the preheating may not be
important is the high value of Q associated with the cool, triple—base
MiS charge. If direct comparison of Q were a true measure of e ros iv i ty ,
then the M15 charge would be expected to be more erosive than the zone
8, XM203E2 charge containing M3OA1 propellant. Also , the XM2O1E2 charge
would be predicted to have a higher wear rate than the XM203E2 charge
without any liner. As noted prev iously ,  if one compares the XM2O1E2
charge with black powder to the XM203E2 charge , then the expected trend
is followed , namely, the XM203E2 charge without liner having a higher
val ue of Q than the ~ 120lE2 charge.

17
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Under this assumption the heat input data for the XM2O1E2 with the
M4A1 igniter are the proper values to compare with  data for the other
charges. The heat inputs for the various charges then fall into the
classes shown below :

Char~ e

I. X.M203E2 w/o liner 793

II. XM2O1E1 w/o liner 750
XM2O1E2 w/o liner , 764

M4A 1
XM119E4 w/o liner 764

I I I .  XM2O1E1 701
XM2O1E2, M4A1 712
XM119E4 702
XM203E2 702

IV . 14119 677
XM2O1E2, M4A1, 671
Ti02/wax cap

XM203E2 + cap 651

The implication of this grouping is that the wear rate of the
XM2OIE2 is of the order XM2O1E1 and XM119E4 without liners. In the M126
cannon , the XM119E4 charge without liner had a wear life of approximately
700 rounds. The next point is that the reduction in the ignition delay
of the XM2O1E2 will make the Ti02/wax effec.~ive in reducing heat transfer
to the gun barrel , but the increase in wear life will be comparable to
that experienced for the XM119E4 with additive, namely ,  a three—fold
improvement . This will still not be in the range of heat input measured
for the 14119 charge. Another point to notice from Group III is that the
wear—red ucing liner in the zone 8, XM203E2 reduces the heat input such

-• that the wear life of the zone 8 charge should be greater than the zone
7 XM2O1E2 charge.

The available erosion measurements for propelling charges tested
are listed in Table X. The heat transfer results are consistent with
the erosion data. The erosion rate of the XM2O1E2 charge Is nearly the
same as the XM119E4 charge without a liner. The zone 8 ~ 4203E2 charge
has a wear rate comparable to the )G1119E4 charge . Finally, the M1l9
charge has the lowest wear rate as one would predict from the heat trans-
fer measurements. The heat transfer results also predict that the

• addition of the Ti02/wax cap to either the XM2O1E2 charge with a black
powder igniter or to the XM203E2 charge will Increase the wear life of
these charges to that of the Ml19 charge .

18 
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Table IX. Summary of Erosion Data

Wear, cms/number Wear Rate,
Charge of rounds cm/round Cannon

XN2O1E2 0.13/S00 2.6x1O~~ M185
XMll9 0.14/660 2.8xlO Ml26
XMI19E4 0.11/1010 l.1xl0~~ Ml26
XM203E2 0.074/522 l.4xlO~~ XM199
Mll9 0.089/1000 0.9xlO M185

The liner in the zone 8 charge is more efficient than in the zone
7 charges, since the XN203E2 without liner places 793J into the barrel
vs approximately 760J for the group II charges, yet the heat input for
the XN2O3E2 charge is virtually the same as the XN119E4 charge . From
the data in Table V , some comparisons between the zone 7 and zone 8
charges can be made. The diameter of the XM119E4 and XM203E2 charges
is the same ; the ratio of the weight of the additive to the weight of
the propellant is similar (0.042 for the XM203E2 to 0.039 for the
XM119E4); the major difference is the length of the charge. The XM119E4
charge is 24cm shorter than the XM203E2 charge, thus the wear—reducing
liner in the XM203E2 charge is much closer to the projectile base than
is the l iner in the XM119E4 charge. Previous results in the 105mm M68
cannon noted that the closer the liner was positioned to the projectile
the lower the measured heat input.

The results for the charges containing single—base M6 and triple—
base MlS propellant are listed in Table X. The heat transferred by the
base— ignited M6 charge is slightly higher than the Ml19 charge, but It
is sign i f i can t ly  less than the XM2O 1E2 charge . The heat t ransfer red
by the t r ip le—base  Ml5 charge is markedly higher than the M6 propellant
charges due to the considerable preheating. On the basis of these
heat t r ans fe r  tes ts , the base—ignited M6 at least would be expected to
have a s imilar  wear rate  to the Mll9 charge.

Table XI l is ts  in i t ia l  negative d i f f e r e n t i a l  pressure measurements.
For a 25mm stand—off distance , no negative d i f f e r e n t i a l  pressures occur
for  the base—ignited M6 charge . A negative d i f f e r e n t i a l  pressure of 8.6
MPa was noted for one of the two MiS charges fired with a 25mm stand—
o f f .

_ _ _ _  —-• •—-~~~ 



Table X. Heat Transfer Measurements with M6 and Ml5
Propellant in the Propelling Charges

Propellant mass ,kg
Cha~g~ Ignition Mode Ignltion delay,ms

Mll9 center—core 170 (av of 3) 677
XM2O1E2 w/M6 ba se—CBI 237 (av of 3) 697
X14201E2 w/M 15 base—CB I 346 (av of 3) 787
XN2O1E2 (un— base—CBI 210 813

modif ied)

Table XI .  Init ial  Negative Di f fe ren t i a l  Pressure Measurements for the
M6, Ml5, and XM203E2 Charges

ID Charge A~ , MPa, (psi)

112 146 , 6mm s tand—off  23.5 , (3406)
116 M6 , 6mm s tand—off  3.4 , ( 493)
120 M6 , 6mm s tand—off  4 .0 , ( 575)
148 M6 , 25.4mm stand—off 0 , 0
150 M6, 25.4mm stand—off 0 , 0
113 MiS , 6mm s tand—off  8.5 , (1231)
117 1415, 6mm stand—off 0 , 0
121 MiS, 6mm s t and—off  5.9 , ( 862)
147 Ml5, 25.4mm stand—off 8.6 , (1247)
149 MIS , 25.4mm s tand—off  0 , 0
137 XM203E2 0 , 0
139 XM203E2, w/o liner 4.2, ( 616)
141 XM203E2 0 , 0
143 XM203E2 + Ti02 /wax cap 0 , 0
145 XM203E2 2.3, ( 328)

V. CONCLUSIONS

1. The wear—reduc ing liner in the XM2OLE2 charge does not reduce the
heat input to the gun barrel.

2. The failure of the wear—reducing liner in the XM2O1E2 charge to
exert  any inf luence  on heat t r ans fe r  may be attributed to the long ig-
nition delay with the clean—burning igniter as compared to black pow-
der ignited charges.
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3. The presence of the wear—reducing liner in the center—core ignited
XM2O1E1, XM119E4, and XM203E2 charges resulted in the heat input being
reduced from six to eleven percent . The total heat input for the
XM203E2 charge was comparable to the two zone 7 charges indicating the
greater  e f f ic iency  of the liner in the zone 8 XM203E2 charge .

4. The heat input from the XM2O1E2 charge can be reduced to comparable
values for the XN2O1E1 and XM119E4 either by shortening the ignition de-
lay or by placing the wear—reducing liner against the chamber wall ad-
jacent to the projectile. Such solutions by themselves would be ex-
pected to yield a wear life comparable to the XM119E4 or the XM203E2,
but still less than the wear life of the Mll9 charge.

S. The addition of a wear—reducing liner equipped with flaps placed
against the projectile base in conjunction with a shorter ignition delay
and the existing liner in the XM2O1E2 charges reduces the heat input to
a value comparable to the 14119 charge. The addition of the extra liner
to the XM203E2 charge substantially reduces the heat input for this
charge as well. It appears that it is possible to design a zone 7 and
zone 8 charge with wear rates comparable to the 14119 charge .

6. The version of the XM2O1E2 charge containing M6 propellant had
similar heat input as the center—core ignited M119 charge. Significant
preheating occurred with the MiS charge. With comparable ignition
delay , one would expect the Ml5 charge to have the same heat input as
the base—Ignited M6 version . No negative differential pressures were
observed for the base—ignited , M6 charges with a 25mm stand—off.

7. No significant d ifferences in heat input were observed when
d i f f e r e n t  project i les  were f i red  wi th  the XM2O 1E2 charge .
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