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INTRODUCTION AND SUMMARY 

Various materials, coatings and mechanical changes to inmrove barrel  life 
were previously tested and evaluated by Marenonc under contract 
DAAF03-71-C-0331.    It was concluded by that effort that one of the materials 
tested, H-ll tool steel, showed nromise of significantly extending the 
average service life of the XM129 40nm barrel and it was reconmended that 
additional  testing be accomnlished. 

The objective of the scone of work under Contract DAAF03-73-C-0140 was to 
fabricate one (1) hard chrone nlated H-ll alloy barrel and test fire it 
a total of 15,000 rounds or until  the barrel was declared unserviceable. 
In addition, test firing of barrel Wf-l of H-ll material  from the previous 
contract would continue until  15,000 rounds nr it became uiserviceable. 
Barrel #H-1 was initially fired 9,359 rounds at /Inch Mme an in-bore jam 
occurred when the projectile, durinq chambering wedgtJ against a niece of 
rotating band which had been torn loose from the D'-evious round and lodned 
in the barrel. 

The test firing was to be conducted in accordance with the schedule aooroved 
for the first contract. This work has been completed, the barrels have been 
sectioned and examined and the findings are presented in this report. 
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CONCLUSIONS 

The observations made during the metallogranhic examinations showed that 
the erosion rate of the chrome olate and the substrate material was much 
slower in barrels with the H-ll alloy material than with the standard 
barrel of AISI 4340. The hard chrome nlate does not crack and POP off 
the H-ll alloy as was characteristic with the AISI 4340 and once exnosed, 
the H-ll exhibits a much greater resistance to the erosion action of the 
hot gas stream. 

These factors indicate that the average service life of the XM129 4nm 
barrel can be significantly increased with the use of H-ll material. Based 
on the performance of the various barrels tested ner the prescribed firing 
schedule, the H-ll material with a hard chrome plate bore would nearly 
double the average service life of this barrel. 
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RECOMMENDATIONS 

The foilowing recommendations for increasinq the average service life of 
the XM129 40mm barrel are based on the oerformance characteristics of those 
barrels tested under Contract DAAF03-71-C-0331 and the current contract and 
an in-depth engineering evaluation. 

1. Redesign of the cartridge case so the high velocity oases do not im- 
pinge directly on the sides of the barrel. 

2. Applications of thicker chrome olate on the barrel bore. 

3. Use of H-ll alloy steel as the barrel material. H-23 .illoy steel would 
be an alternate if the prooer heat treatment can ba maintained to avoid 
brittle failures. 

: 
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DISCUSSION 

Barrel #H-1 was fired a total of 9,359 rounds durinc the initial test pro- 
gram and was declared unserviceable at that time «hen an  in-bore jam oc- 
curred.    During the current contract effort    an addltlOMl 2,R28 rounds 
were fired for a total count of 12,187 round;   on tiv h^rrel.    Two in-bore 
jams were experienced, the first after 1,580 additional  founds and the 
second after another 1,248 rounds. 

There was no visible signs of danaqe to the barrel  becaus« uf the in-bore 
jams after 9,359 and 10,939 rounds but there M«S evidence after the third 
in-bore jam after 12,187 rounds.    The barrel was.  therefore,   declared un- 
serviceable.    Examination of the barrel bore surface showed a series of 
ripples/wrinkles beginninq about 8 inches  fror the breech end and conti- 
nuing to within 2 inches of the muzzle end.    The iir ^qes Mould no 1 oncer 
pass through the barrel indicating significant distortion had occurred. 
Measurements of the OD indicated th<3 barrel H&S out of round with the maxi- 
mum diameter located across the distorted area.    !h   mininun diameter was 
1.792 and the maximum diameter was  1.811 in the same nlane. 

It was observed that the out of roundness and wrinkles followed the twist 
of the rifling.    The conclusion was made that a niece of rotatim band tore 
loose from a projectile and remained in the barrel.    'Jhen the next round 
was fired, the projectile carried the niece of band forward until it became 
wedged in the bore.    The momentum was sufficient enough to launch the pro- 
jectile but tended to swage and distort the barrel under the circumstances. 
Because of this damage and the fact that i third in-bore jam occurred, firing 
of this barrel was terminated. 

Figures 1 and 2 shows the erosion oattern on barrel IH-l at the origin of 
rifling and along both sides of the rifling. 

It appears that the chrome plating tends to wear/erode awav initially at a 
step in the chamber at the intersection of the 1.626 diameter and the 12c 

included angle taper at the origin of riflin^.    The sketch below 
shows a section through the chamber.    After the chrome flakes away, the    ase 
material is prone to erosion and a relatively sharn edge is forned.    See 
Figure 4.    As the orojectile moves down the bore, the rotating band tends 
to catch on this edge and be torn anart occassionally leaving a nortion in 
the bore. 

Figures 3 through 7 are magnified views of various areas alortn the bori. sur- 
face of barrel  "H-l.    Figure 3 shows  the surface just aft of  the eiosion 
groove shown in Figure 4.    Cracks in the chrome olate extend into f'e base 
metal and erosion eventually undercuts the chrome until  it flakes off thus 
exposing the base material.    The erosion groove shown is annroximately .015" 
deep and .035'' wide. 
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Figure 5 shows the bore condition just forward of the erosion nroove.    The 
areas shown in Figures 6 and 7 are from sections of the riflinn oroove ad- 
jacent to a land showing a difference in chrome thickness.    This difference 
is believed to be a resultant of the plating process whereby a thinner layer 
is deposited at the base of the land and not from wear. 
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Figure 1. View of Bore Erosion on Barrel #H-1, 

Figure 2. Magnified View of Bore Erosion on Barrel IH-l, 
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End 
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I 
Figure 3. Longitudinal Section of Barrel #H-1 Showing Bore Surface 

1 19/32" from Breech End. 

Breech 
End 
100X 

Figure 4. Longitudinal Section of Barrel #H-1 Showing Bore Surface 
In the Erosion Cavity 1 11/16" From Breech End. 
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Bresch 
End 
100X 

Figure 5. Longitudinal Section of Barrel PH-l Showing Bore Surface 
1 25/32" From Breech End. 

Figure 6. Longitudinal Section of Barre1 ^H-l Showing Bore Surface 
2 1/2" Fron, Breech End. 
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Figure 7. Longitudinal Section of Barrel IM-1 Showing Bore Surface 
3 13/32" From Breech End. 
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Barrel #H-3 was fired a total of 15,000 rounds without a malfunction. Ex- 
amination of the bore at the orioin of riflino, Fiqures S and c', after fir- 
ing was completed showed the erosion was not as severe in this harrel as in 
#H-1 and significantly less than on ^fl-2. The wear/erosion was not uniform 
around the circumference with very little erosion over anproxinately '., of 
the distance as can be seen in Figure 9. 

Appendix I contains the measurement records for the three H-ll allov bar- 
rels and two of the standard barrels. Conmarinq data shows the rate of wear 
of the H-ll barrels on the average was much less than those of standard ma- 
terial and ^H-3 much slower than the others. In general, the distance to 
the origin of rifling is the best indicator of barrel denradation for exam- 
ole; #H-3 was .034 over maximum after 15,000 rounds, -H-l was .048 over at 
10,939 rounds and *H-2 was .039 over at 4,500 rounds. The standird barrels 
exhibited .035 and .063 over maximum after 3,000 rounds were fired. 

Figures 10 through 14 are magnified views of various areas along the bore 
surface of barrel #H-3. The condition of the chrome nlating and the base 
material is quite similar on all the H-ll alloy barrels. Pronellant gases 
tend to attack the base metal through the cracks in the chronie nlate but 
not as severely as with the AISI 4340 alloy barrels. The cracks do not 
have a tendency to orooagate after the chrome nlate has eroded away. Ef- 
fective life of the barrel appears to have been extended because of a grea- 
ter bond characteristic of the chrome nlate with the H-ll alloy substrate. 
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Figure 8. View of Bore Erosion of Barrel *H-3 Half Section #1 

Figure 9. View of Bore Erosion of Barrel #H-3 Half Section #2. 
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Breech 
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Figure 10. Longitudinal Section of Barrel #H-3 Showing Bore 
Surface 1 5/8" From Breech End. 
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Figure 11. Longitudinal Section of Barrel #H-3 Showing Bore Surface 
In the Erosion Cavity 1 1/16" From Breech End. 
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Figure 12.    Longitudinal  Section of Pdrrel  §H-3 Showing Bore Surface 
1  3/4"  From Breech End. 
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Figure 13.    Longitudinal  Section of Barrel ^H-3 Showing Bore Surface 
2 1/2" From Breech End, 
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Figure 14.    Longitudinal  Section of Barrel #H-3 Showing Bore Surface 

3 7/16" From Breech End. 

14 



T 
* 

new england group 

MaReMONT 

'J5r 

IMIII I - -  ■ ' - 
    - ■■ ■  



new england group 

MaReMOIMT 
COHPon^tiON 

FIRING SCHEDULE 

The firing, cleaninq and insoection schedule for each barrel was as follows: 

a. 
b. 
c. 
d. 
e. 
f. 
g- 
h. 
i. 
j. 
k. 
1. 
m. 

100 round burst followed by a 3 minute cooling. 
3-25 round bursts with 1 minute cool inn between bursts. 
50 round burst followed by a 2 minute cooling. 
3-25 round bursts with 1 minute cooling between bursts. 

a 2 minute cooling. 
1 minute cooling between bursts. 
a 2 minute cooling. 
1 minute cooling between bursts. 

50 round burst followed by a 2 minute cooling. 
2-25 round bursts with a 1 minute cooling between bursts. 
100 round burst followed by a 3 minute cooling. 
25 round burst for accuracy check. 
Clean after 750 rounds and clean/inspect after 1,500 rounds, 

50 .jund burst followed by 
2-25 round bursts with a 
50 round burst followed by 
3-25 round bursts with a 

; 
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MaRSMONT 
COM^OMATlOH 

* 

XM129 E larrcl Inprovomcnt 

Firing Test Record 

Profra«! 

Dati Test* , //rAV 
Contract No. DAAP03-71-C-Q331 

i                                  '                          —                                             Harrt'l No ^'       1 
1                 P 

__— 

i 

i   s 

1 noiroa [W,D i 
TEST 
SER. 

0 

7?^ 
750 

1500 

I50f/ 

/?250 

2.',50 

3i00i 

3000 

i5?5Ö 

3750 

1500 

1600 

^250 

5250 

6000 

tooo 

67*) 

6750 

7500 

7500 

8250 

100 Ä .   Ä 
/ 

r— — - 

B /, •> 
f 

1 

1 

25 7 ^ 
/ ' 

25 / ♦c i 
iS ^y f 

1 

25 J^ 
^ 

f 

2$ T\ 1   . - 

2^ ä •^ 
50 'j V 25' .Sj fi 
25 V / 

1 

50 *3 5 /' 

1 '' ^ 
•/ 

^ 
  i 

1    25 sj 7 1 | 

25 • 
•^ 

^ 
* 

50 ä i    A     m 

1 l 
L , 

1   n ■3 *< 
f 

25 • / • 4 
100. 

^ ^ o fir i/ 

IciMI 
1 J08!* 

I after 750 rounds, 
wt after 1500 rounds. 

1                  A                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 I 
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MSReMOMT 
COMPOKAflOM 

1 
XM129 /Barrel Improvomcnt ProcrM! 

Firing Test Record 

Contract No. DAAF03-71-n-0531 
Dato Test 

Harrel No 

i 

1 R00TJD3 I-JRP.D 

jTEST 
SER. 

0 

750 

750 

1500 

1500 

2250 

2250 

3000i 

3O0( 

i 3750 

37501 

15001 

USOO! 

5250| 

5250 

6000 

6000 

67^0 

6750 

7500 

7500[ 

825o[ 

j  100 jf» 
   1 B 

1 25 1 
25 j 

l 

50 

25 

25 

1   25 
50 

! 25 

1    25 
50 

'8 
25 

1    25 
1    50 

L    
25 

25 [       " 
1100 
1 o ( 

1 i, 

Clean after 750 rounds. 
Inspect after 1500 rounds. 

R iLtf At**/?**& /j*A*i> s?y s~* se&x 
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[j 
n»w »ngland group 

MaROMONT 
C OHfOMATlON 

i 

XM129 Barrel Improvement 

Firing Test Record 

PrograiR 

Date Test(. d iL >?/** 
Contract No. DAAF03-71-C-O331 ■                         —                                             Barrel No f ( 
f 

  . _ .T -■■^ 

ROUNDS mF.D 

» 

TEST 0 

750^ 

750 

150Q 

i5oo 

■ 2250 

2250 

3000 

JÜÜU, 

i3750 

3750 

ii500 

Ü500 

5?5o 

5250 

6000 

6000 

67^0 

6750 

7500 

7500 

8250 

100 ^ «s   
B y y. » 

25 y. y 
■■ 

25 s s, 
50 A •• 

25 
> 

25 -<Ü s 
25 i> s 
5Q iS 1/^ — 

25 *C s 
25 71 s- - 

50 . c •: «• __ 
25 

^ s. 
2^ 2 s 3<y\ ^••^ <**. 4 1 J   
25 </ 

  

50 

   ,   
25 

25 

100 JC 0 1? 
ClMI 

Inop« 
i after 750 rounds. 

lot after 1500 rounds. 
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n«w mngtmna 
MaROMONT 

XMli'y Barrel Inprovonent PrafrtiR 

Firing Tc^t Record 

Contract No. DAAF03-71-^-^331 
Dato Testtjd ^// ^ /* T* 

Barrel No        >/ ^ 

>i 

i OITNIJ i [•'IW-D 1 
TEST 
SER. 

0 

7»/ 
7«) 

l5opi 

1500 

2? 50 

2250 

3000 

3000 

i 37^0 

37^0 /4^Ü0 

5250 

5250 

6000 

6000 

67^0 

6750 

7500 

7500 

8250 

100 •* V 1 

B 'A 
  

25 •5 *> 2$ 
-^ 

•^ 
50 V ^ 1 

25 i •^   
25- •v »^ 

25 •i < 
50 •5 ^3 ^ 

25 V < ^ 

25 s ̂  
r 

50 5 k 
25 3 •1 
25 5 ^ 

25 
_^ •^ 50 ^5 ^   _  

  

    
25 

< «^ 
25 V • 

100 
■"~-1—B- ^ 

r 

o TT 
ClMa after 750 rounds. 
XiWpMt after 1500 rounds. 

ReMrkBi    Jf+jO    Cf/of/i l/juJbf££ 
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.•' • 

XMlZy Barrel 

Firing 

Improvement 

Test Record 
Date Tested  ///7n<£ 

Contract No. n/iAF03-71-C-r331                                               . „ h± 
r ■ 

ROUNDS.F3RRD \ 

► 

TEST 
SER. 

0 

750. 

750 

1500 

1500 

2250 

2250 

3000 

3000 

i3750 

3750 

1J500 

^500 

5250 

5250» 

6000 

6000 

67*) 

6750 

7500 

7500 

8250 

aoo •^ 
B »/ r< 
25 ^ < 

"■ 2^ / 
^ 

50 
-^ 

25 A ^ 
25 % / 

25 s s 
50 S s 

i   25 s s. 
25 *s s 
^o s \S 
2i s s 
25 s JZ 
25 tS* V 
50 •  . 
25 iS • 
25 ri <; 

100 y 
o iS S _J 

ClMU 

laspi 

i after 750 rounds. 

Mt after 1500 rounds. 

Romrksr v 

I 
-* 
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I 

n«w •ngland group 

CO*'0«*VlOM 

,C ? 
# /        XM129 Barrel I-nprovemcnt Pr^»r«is 

'* Firing Teat Record 

Contract No. DAAF03-71-n-O33l 

r* rjJ 't<J* 

Date Tested /// 

Harn-l No     ' rf 3 
(hiL 

t 
i 

TEST 

100 

2$ 

25 

50 

25 

25 

25 

50 

25 

25 
50 

IT 
25 

25 
50 

25 
25 

100 

o 

lOlJNÜo I'JRF.D 

0 

750 

-T 
IT 
9 
■? 
77* 

-7 

ir 
77 

77 
tT 
7^ 

750 

1^00 

p" 
P^ 
S 
^ 

7 

1500 

2?5o 

P' 
^^ SS V 

17 

^ 

^ 

1/, 
V 

2250 

?000 i 37^0 

3000 3750 

/J5OO 

übüO 

^50 

5250'   6000 

6000 67*) 

6750 

7500 

7500 

8250 

CIMII after 750 rounds. 

Inspeot after 1500 rounds. 

tßt   7*^ 

J7 
mmmm mmA 
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n«w «ngland 
nÄoROWÄOlMT 
COnrOMATlOM 

XM129 Barrel Improvement Prjfrar 

Firing test Record 

Contract No. DAAF03-71-n-O331 

j J  --♦ /\/ 

Date TesU.i //z^/7^ 

V-3 Barrel No 

i 

1                                 F       R01MJ3 :V\\:.) ~ ■1 
TEST 
SER. 

0 

750 i 

750 

1500 

1500 

??5o 

2250 

^OOGi 

3000 

i 37^0 

3750 

li5oo 

usoo 
^250 

5250 

6000 

6000 

67^0 

6750 

7500 

7500[ 
82501 

i   100 u^ y 
B jr 

1 ?5 1 tS* ^i   1 25 
LS iS 

50 s *s — \ — •   f 

1   25 
ty^ s 

25   j *S ^ 

1 25 S S 
50 */' *> 
25 S* <; 
25 IS ♦^ 

1  50 tS <:  , 1 25 *s • 
25 »7" ^ 
25 ly \S   

1 50 \s i  
■'            1 

L — .. 
25 s' < 
25 iS y 

[ 100 luT s 
1 0 

^ V 
Claan after 750 rounds. 
Inapeot after 1500 rounds. 

R kei 

)2 1 1*^9 
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XM129 Barrel Improvement Proprar 

;. Firinp Test Record 

Contract No. D/tAF03-71-C-0331 
Date Testud c^/^ //^ 

Barrel No       //    3  

< 

 ,— 
1                R0ÖMD3 FJRF.D 

" ■ 

) 

TEST 
sm. 

0 

750 

750 

1500 

1500 

2250 

2250 

3000 

3000 

i 3750 

3750 

ij5oo 

U^OO 

?250 

5250 

6000 

6000 

67^0 

6750 

7500 

7500 

8250 

100 *i • 
K f^ ^ 

I 

25 «/^ t/ 
25 •; t^ 
50 

^ 
25 ^ V 
25 ^ ( 
25 

^ • 
50 <y 44 • 

25 ^ *s 
25 c^ ^ f 

50 iX ^ 
f 

25 uS 
25 
  d 

25 • * 
50 tx V       
25 «/< 

f 

25 jr ̂
 

w 

100 
V» 

f 

o • 
OlMn after 750 rounds. 

after 1500 rounds. 

-*? 
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n«w «ngland group 

MaROMONT 
COIirO««TlON 

XM129 Barrel Improvement, Proerain 

Firing Test Record 

Contract No. DAAF03-7l-n-O331 
*/?¥ Dato Testri  £ / J?     TJl 

Bftrrel No        //  ^3  

CIMB after 750 rounds. 

Inspoot after 1500 round i. 

Reaarket " 

, —i— 

I                 ROUNDS I'lHF.D 1 
TEST 
SER. 

0 

750 

750 

1500 

1500 

22#) 

2250 

3000 

3000 

i 3750 

3750 

IJ^OO 

ii500 

<250 

5250 

,6000 

6000 

67*) 

6750 

7500 

7500 

8250 

100 v s 
B s . 
2$ 

^ y 
H • s. 
50 c/ 
25 s, 
25 ^ 

'< 
» 

25 ^ V r 
50 «^' .^ 
25 ^ ^ f 

25 ^ «<, 
50 i> «X 
25 

^ 
25 

^ 25 
*^ 50 tx 

   .   , 
25 V p 
25 
^ .«^ . 

11  '" 

100 
^ 

t/ | 

o 7^ • h 

**-. 

^6 

mam MaiaM 



* 

I 

n«w «ngland 

ManoMOnIT 
COM^OHATlOM 

« 

XM12y Barrel 

Firing 

Inprovennit 

Test Record 
Date Test» *s////7'/ 

1       Contract No. DAAF03-71-n-n331 
                                                Hari't;! No /f-*         | 

j         i- 
  

i R0ÜNU3 [•'IRF-D \ '          1 
1 

■          i 

* 
i                i 

i 

*               1 

■               j 

TEST   i 

SER. 

0 

750 i 

750 

1500 

1500 

2550 

2250 

3000^ 

3000, 

i 375o' 

3750 

)J5OO 

I»500| 

5?50 

5250' 

6000 J 

60Ü0{ 

67^0 

6750 

75oo| 

7500 

8250 

100 iS s\  J 
K *y ^x 
25 ! LS s 

! 
i 25 y < 

i — 
] 

] 

50 / l 

25 
< 

l/ 
S 

25 
^ 

S "      ■ 

25 «/ A 
50 s i/l 
25 A 

^ 
25 y s, 

|   50 
< 

V 
I    2^ V 

25 K' K ■ ■ 

!   25 • «/ / 
I   50 

^ ^ j  L  L .. 
25 tS* 

< 
r 

\   25 \ s* 
•^ 

^ 

1 100 \kL • 
o viy •^ 

i 

ClMI 

Inapt 

I after 750 rounds. 

rat after 1500 rounds. 

Reimrkst 

1        •                                                                                                                                                                                                                                                                                                I 

! 
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• 

XM129 Barrel 

Firinj» 

Improvement 

Test Record 

Propren 

Date Teste d c?// 3 /?¥> 
Contract No. DAAF03-71-C-0331 

« -3 

»• 

R0ÜND3 [<'1RF.D 1 i 

■ 

• 

• 

TEST 
SER. 

0 

750 

750 

1500 

1500 

2250 

2250 

3000 

3000 

i 3750 

3750 

li500 

Ii500 

5250 

5250' 

6000 

6000 

67*) 

6750 

7500 

7500 

8250 

100 ^ •^ 
B < i^* 
25 •* i       fr 
25 TC 
50 

^ 
25 

^ 
f 

25 «^ <, 
25 t^ ^ 
50 t/ 
25 •'' 4 

25 ^ 'S. 
50 !> ^ 
2^ ^ 1-/ 
25 ^ 

25 ^ c^. 
50 •'j 

 .     
25 iS' 
25 ir^ ^ 

100 cS 
f 

o €y\ 

ClMI 

iBfpi 

I after 750 rounds. 

Mt after 1500 rounds. 

Remrkst  " 

-^ 

■ ■-■•- ■— - - 



n«w «ngland 
MaR6MONT 

• 

XM129 Barrel Improvement 

Firing Test Record 

Prupraf! 

Date Testi. d ~//t /yy- 
Contract No. DAAF03-71-G-0331 

H   ^             \ 

1       • 

l 

ROUNDS [''IRW 

| 

1 
1       ! 

* 

*              1 

1               f 

TEST  ' 
SER. 

0 

'750 

750 

l500i 

1500 

2250 

2250j 

300o| 

3000 

i 3750! 

3750J 

6500 

üSOOi 

5250 

5250 

60001 

6000 

675o| 

6750 

7500 

7500 

8250 

100 
"> ^ ; 

I 

B KC «^   
25 <i t> 
25 

< ^^ 
50 i> & 
25 s S 
25 tS 
25 »y 't^ 
50 s i/' 
25 t> ^ 
25 '«^ 
50 us tx' 
H LS '«X 
25 \£* 

*^ 
25 *< 

I   50 
< 

\y\ L     .. 
25 

\<- 
25 r 

\<- 1 100 • */ 

o [^ 
ClMl 

Zupi 

I after 750 rounds. 

Mi after 1500 rounds. 

iRNtrlm"-                                                                                                                         1 

1   .                 /^J-*"**^ 

^3 

aaaaBaklia^ ^MB 



■ 

XM129 Barrel Improvement 

FirinK Test Record 

ProfiwR 

Date TestcdC-^ /?' 7*?       1 
i      Contract No. DAAP03-71-C-0331                                         

^  ,_.,| 

I       *' 

1 ■'* 

,                                           R0ÜTfl)3 FIRKD                                                         ' 

'                       1 
\           j 

* 1 

* 1 

TEST   ' 
SER. 

0 

'750 j 

750 

1500 

1500 

2250 

22501 

3000J 
30001 

i 3750j 

3750 

1J500J 

Ü'JOO 

525o| 

5250 

6000 

6000 

67*) 

67501 

7500 

7500 

8250 

100 •^ 

B 6/ i j 25 i 'Si L>  J 
25 y\ ^ 

50 V 
25 iH 'S 
25 s 
25 •• • 
Ä) i/ ^ 

25 ^ si 
25 * 

1   ^o I? y 
» \y [i/ 
25 f/ s 

i 25 f / 

■ i 

1 50 \*s v L  —  
i   25 \<? • 
!   25 1 iS 

<!' i 
[ 100 :>> \iS 

L    .— 
■o 1 |X' 

ClMI 

Inapt 
I after 750 rounds, 

let after 1500 rounds. 

iRomrlcst         /*,*'<>    /ZP5     C?<>f/&.                                                             \ 
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