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FOREWORD
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ABSTRACT

-
~~~
\n evaluation of heating and erosion of severa l candidate charges

to be used in 155mm and lOSnun tubes was performed . Test data were obtained

in field testing of actual cannons using sensitive thermocouples and special

Calspan erosion sensors . The following signi f ican t resul ts were ob ta ined :

155mm Cannon :

1. The charges employ ing the greatest additive showed erosion

perfo rmance a p p r o a c h i n g  t ha t  of the M u g , whereas the  ori g ina l  X M 2O1 E 2 charge

shw
~

ed s i g n i f i c a n t ly hi gher erosion t han  the Ml19 .

. .  The XM2 0lL~ charge employ ing 19 0:. in ternal  wear add i t iv e

resul ted in less hea t inpu t at the ori g i n and lower erosion than the other
int ernal desi gns (of l ower add itive wei ght).

3. The 19 oz. internal additive desi gn res u l ted in less hea t i n p u t

and the  same e ros ion  compared to the 12 0:. j a c k e t  ( e x t e r n : i  1~ addi t ive  desi gil .

105mm XM2 () 4 l i o wi t : e r :

Measured  h e a t i n g  and e ros ion  i n  t h  I ho~ i t  :er was found to  bu

much lower  t han  tha t  of t he  155mm cannon. Critical ex :iminatio n of all sign i-

f i c a n t  h e a t i n g/ e r o s  ion f a c t o r s  i n d i c a t e s  t h e  \M200 and \M 22 to  have  about  the

same eros ion p e r f o r m a n c e  w i t h  t h e  \M~~) ()  c ha rge  s h o w i n g  ye rv s l i gh t l y lower

h e a t i n g .

I i  
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OBJECTIVE

Tile objec tive of the work was to gather data leading to an assessment

of tile heating and erosion in the:

1. 155mm , M185 cannon firing M1l9 and modified XM2O1E2

charges ; and

2.  105mm , X M2O-I  h ow i t : er  w i t h  comparison of :one S charges

XM200 and X M 6 2 2 .

i i i
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I .  INTRODUCTION

In the  deve lopment  of a new a m m u n i t i o n  charge , i t  i s  d e s i r a b l e  to

acilieve maximum performance at th e  lowes t  poss ib le  cost .  The XM2O 1E2 charge

was developed w i t h  t i l s  u l t i m a t e  goa l .  I t s  use as a rep lacement  for the  M119

charge was expec ted to provide a cost reduction with improvement in performance.

Cost reductions in the XM201i:. charge result from the use of base ignit io ;’

ra ther than the more complex and cos t ly cen ter c o e  i gnition techni que as used
in the Ml1 9 charge .

A factor of importance in the use of a propclling charge is its

influence on the life of the launch tube in which it is used. The earlier Ml1~
)

charge utilized “cool” burning sing le-base M6 propellan t in the  charge , whereas

that in the XM2 01 E2 cons i s t ed  of a “hotter” t r i p l e -based  M3011 p r o p e l l a n t . The

i n t r o d u c t i o n  of the hotter triple-based propellant ~a s coun terb a lanced i n the

charge by the  add i t ion  of a Ti0
2 /wax wear reducing liner which was expected to

main tai n equ iva len t tube wear l i f e .

D u r i n g  the l a t e r  s tages of eng i n e e r i n g  deve lopment  of the X~’LO 1E2

charge , f i r i n g  t e s t s  i n d i c a t e d  u n e x p e c t e d l y hi gh wear of t h e  M i SS  c annon ,  i t

was s p e c u l a t e d  tha t  the  base i g n i t i o n  t e c h n i que u t i l i z e d  in t h e  XM2O1 E 2  cha rge

d i m i n i s h e d  the  per formance  of TiO~ / w a x  l i n e r  toward r e d u c i n g  wear , hut  other

causes were also possible. It was felt that immediate diagnostic action -~~i - ~
needed to p e r m i t  t i m e l y  type c l a s s i f i c a t i o n  and a t t a i n m e n t  of I~o t c n t i a l  ~:iv ing s

to he acc rued  f rom ea r l y  p r o d u c t  ions  of t i le  l e ss  e x p e n s i v e  XM U l i ~~ c h a r ges

N o r m a l l y t h e  evaluation of the erosion c h a r a c t e r i  St ic s  of p a r t i c u l a r

ammuni  t i o n  charges  w o u l d  r e q u i r e  a g r e a t  number of t e s t s  t o  i n v e s t i g a t e  each

charge , and thus  would  he a p r o l o n g e d  and  c o s t l y  p r o g r a m .  F o r t u n a t e ly , however ,

C al sp a n  th roug h p i o n e e r i n g  work  for  Picat i n n y  in stud i vs of e ros ion  of t he

e i g h t — i  nell how i  t zer ( R e f .  1 )  , had d e v e l o p e d  t henna ! and erosion/i.va r sensing

t e c h n i ques w h i c h  rcqui re o n l y a fe~ -~hot s to  J e t e r m i f l e  the  t he rma l and erosion !

wear c h a r a c t e r i s t i c s  of an i i i d i  v i d t i a l  t u b e — a n u n u n i  t i o n  c om b i n : i t  i o n .  U s i n g  i n —

d e p t h  t h e r m o c o u p l vs and a n a l y s i s  , onl y a i n g l e  shot is  requ i red to  g e n e r a t e  

--~~~~-- -



—. -- —--—-— - - - - - “III,

r.

data s u f f i c i e n t  to determine  the h e a t i n g  parameters  g o v er n i n g  the t c mj ) Cr a t u r e

response of the tube walls during and after firing. Novel erosion sensors

exposed to the propellant gases at the bore surface can indicate surface ioss

as sm:~l1 as one-mi llion th of an inch. Hence , mean ing ful erosion measurements - -

may he made in only a few shots. Therefore , in order to further evaluate tile

XM2O1L2 charge in comparison wi th others and to explore possible methods to

reduce its erosiveness , a field test program was undertaken using Caispan ’s

thermal and erosion sensing techniques in an instrumented 155mm M185 tube s.ith

test firings of selected charges conducted at Picttinny Arsenal.

It was found , as reported in Reference 2, that XM2O1E2 charges CO Il-

tam ing a 0.5 oz. black powder spo t hasepad for faster ignition and additional

wear add itive were less erosive than the basic XM2OIE2 charge . Subsequent

t e s t i ng  of a m o d i f i e d  \M 01E2 charge containing a “spot” hasepad and a F oz.

e x t e r n a l  additive jacket showed much improved wear performance in a successful I 
-
~

3001) round f i e l d  wear  test  at Yuma P r o v i n g  Ground ( Y P G ) .

U t i l i z a t i o n  of the separate  e xt e r n a l  j a c k e t  under combat c o n d i t i o n s

is less  d e s i r a b l e  t h a n  t h a t  of an integra l charge ; therefore , work ~as under-

t aken  to e v a l u a t e  tile r e l a t i v e  wear p er formance  of charges  c on t a i l l i n g  di fferent

ancunts  of i n t e r n a l  l i n e r  w i ti-i i n c o r p o r a t i o n  of the  “spo t”  basepad . The

r e s u l t s  are g iven in t h i s  report .

l)ata rega rdiog heating and erosion in the 105mm howitzer f r i ig ‘l

and XM6.F cartrid ges arc des i red for compar i son purposes .  T a k i n g  advant age of

the heating/eros i on  eva lua t ion techniques and s c h e d u l e d  f i  r i n g  t e s t  at Pleat i nny

on the  155mm h o w i  t zer , Cal  span  was asked to  i r i s t  riiment a 1 05mm tube ( X P l .  03

wi  t im thernia I ari d eros i on sensors  and to d e t e r m i  iie r e t  at  i ye per formance  of the

XM6 2 . aild \M200 c a r t r i dg e s  in e x p l o r a t o r y  f i  ri m g tests . Results are gi ve n iii

t im iS  t e c h m i m  i c a l  report



I I .  TEST PREPARATIONS

The stud y employed an experimen tal-anal ytical approach in which
sing le-sho t test firing data provided a basis for judgment concerning magnitude

of erosion/wear condi tions in the tube and the efficacy of selected ammunition

modifications toward reducing tube wear . The experimental work required tile

fabrication of suitable thermal/erosion instrumentation .

A. 155MM CANNON

The 14185 tube instrumentation is described in detail in Reference 2

and for this reason is not presented in detail here . In brief , hea t ing  of the
tube was determined through in-dep th thermocoupL~s placed at 100 (39.~~), 211 (83),

and 600 cm (236.5 inches)from the breech face. These were located at nominall y

1mm (0.OlOincil) of the bore surface. Thermocouple installation at the 1/3 tube

and muzzle locations are as presented in Ref. 2. At the ori gin (100 cm), due
to thermocouple hurnthrough at this location in the firings of Reference 2 , a

special removable thermocouple probe was constructed to he compatible with the

erosion sensor ports at this location . This thermocouple probe was used to

record temperature data at this location in shots where only the steel erosion

sensor was installed . This occurred tw ice for each series tested . Thus ,

temperature data were t a k e n  at t h i s  l o c a t i o n  for o n l y  two rounds of each series.

R e d u c t i o n  of t h e  recorded t e m p e r a t u r e  data to hea t  i n p u t  and peak bore su r face

temperature was as given in Re ference 2.

‘l’he erosion sensor  i n s t a l l a t i o n  was invariant froa t l i i t  used in the

p r i o r  work and repor ted  in  Re fe r ence  2 . Sensors sere constricted of Inconel

and chronic - u y- va imi d i nn s te e l  . The ~~ cc I sensors were subjected I f ye  shot s

whereas the more eros i ve Incone 1 sensorS were sub jected to t im ‘c c  ~ i 1 O t  S each.

In these fi ri ngs , n u ~~ Ic erosi on ~as not measured , i t  be i rig i con-e que im ! I a I

The details of construction and appi ci t  ion of the sensors to meas ir —-

mcnt of tube wear/v i-os ion are g i v’’ in R d .  2. Bri efly , the s i~f~i ec’ of each

_ _  

_ 
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sensor was made to con ta in  a number  of mic rohardn ess  i m p r e s s i o n s  of d i ff e r e n t

dep ths as made by chang ing  the load on a mi c rohardness  t e s t e r  and e mp l o y i n g  a

diamond inden ter of t i le  “Knoop ” type. The indenter produces a sharp Impression

w i t h  a constant r a t i o  of lengt 1l- to-de~:th of 30: 1 independent of load . The impres-

s ions  serv e as a gauge by which  the erosion or wear may be measured a f t c r  f i r i n g .

Each senso r surface is characterized prior to and after firing using the

Scanning Electron M icroscope (SEM). Material loss from firing is indicated by

chang e in impress ion  l e n g t h  or , in t ime even t of very minor erosion , hy remova l

of surface polishing mark s which are onl y a few micro inches  deep .

B . 1051414 I I O WI T i R

I n s t r u m e n t a t i o n  of the  105mm tube ( X P L 2 O 5 )  c o n s i s t e d  of the i i m s t a l l a t i o n

of three ports to he uti Ii :ed for the  p l a c e m e n t  of e r o s i o n  sensors  and three

sells for ti-ic placement of thermal sensors (thermocouples). Erosion sensors

sere placed at 39. T cm (15.625 in.), 55 cm (2L625 in .) and ‘O cm (2” .625 in .)

crom time breech end of time tube  and at about the Il o ’ c l o c k  posit io n. These

p o r t s  were drilled through to the bore of the tube at the center of a l a n d .  It

was f e l t  t h a t  compar i sons  of l a n d  w e a r  i n  t h i s  h o w i t : e r  wou ld  be t he  best pe r—

formance  i n d i c a t o r .

The three thermocouple wcl is wer e pl a ced along the tube at 3h . — cm

( 1 5 .u 2 3  in.) from the breec h  l’ace , and at 2.3 - I cm (1 in.) and lS2 .8 cm (22 i im. )

f rom ti - ic m u z z l e .  Each w e l l  was f l a t  — h o t  torn d i ’ i l l  ~d to a measured di stance of

nomi no 11 y 1 mm ( . (14(1 i n. ) f rom t he ho re or f~ ci,’ at the c e nt er  of a groove

Aga i i i , Refe reirce 2 p r e s e n t s  a deta i led desc v i  ‘t i o n  of thermocouple install at ion

and data reduction .

E r o s i o n  s e n s or -  f o r -  i r ~-e in the 105mm fi r i n g s  s c i c  con ’ctructcd i i i

s i m i l a r  f a s lmj o n  to  those  used i n  t i m e  135mm t e s t s , t h e  b a s i c  sen s or  material ra s ,

however , \ a s c o m a x  300 i r ; i r ; l L ~ii1g s t e e l  i i i  t i r e  s o l t i t  ion ;ririr eaie d c OTid j t i O i L  Timi s

mat e rial was se I vet cd  t o  I’ i t s  kn O ll 505Cc- )’ 1 i i  i I i t ’  t e ros  i on i t h e r  rig a h i  gim

(1 8 percent) i i i  eke! allo y . Because e n s  i o n  i n  the 105mm how l t :er under  t e s t

w as  expec t ed  to  be s m a l l  in the limited nrnnbi’ r of rounds ocr  i lahl e ( 5  roiiild s of

each t yp e  I , 1 t was f e l t  n e c e s s a ry  to ut  I I i :e t he more sel l s  i t  i ye Vascoma x

~ ~~~~~~~~~~~~~~~~~~~~~~~~~



material in order to amplify differences between test charges. It was felt

that rotating band forces on the sensor face preclude tile USC of  the ~‘ery

soft Inconel sensor , al though these are even more sensitive to erosion than

is Vascomax steel. A set of three sensors was also made using chrome-moly-

vanadium steel to allow comparison of erosion . All sensors were outfitted

with “Kr-ioop” impressions and characterized as to surface condition prior to

test using the Scanning Electron Microscope.

5
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Il l. GENERAL TEST SCOPE AND PROCEDURES

A. TEST SCOPE

Heat transfer and erosion data were obtained in a total of 75 test

firings conducted at Picatinny Arsenal with Caispan personnel in attendance.

General test procedure was to load and fire test charges at a ra te  governed by

required recording of thermal data and installalirn of erosion sensors . T~-pi -

ca l ly , ten to fifteen minutes elapsed between test shots. At this firing rate ,

steady state temperature of the tube was only a few degrees above ambient and

was not an influencing factor on erosion or heat input data dci ived .

In the test firing series , typical measurements included : 1) peak

chamber pressure via  copper crush er gauges , 2) tube in-wall temperatures , 3)

bore erosion via erosion sensors , 4) projectile velocity. In addition , the

chamber and bore were visually examined after each shot.

1 . 155MM CANNON

Test rounds of a s p e c i f i c  type ( tes t  group ) were f i r ed  c o n s e c u t i v e ly .

After each test group involving charges containing erosion reducing additives ,

at least  two M4A2 :one 7 charges  were f i red as c l e a n i n g  rounds .  T h e i r  pu rpose

was to reduce time possible carryover of the effect of the additive to t i ’ic ’

following test group . Erosion and heating data were routinel y gathered for time

M1A2 charges as an addi t ional control round. Such cleani img rounds were also

f i red  at the  beg i n n i n g  of each day ’s testing. All charges  r ene p r e c o n d i t i o n e d

at 70 01, .

A b r i e f  d e s c r i p t i o n  of the  t es t  charges  e v a l u a t e d  in the  f i r i n g  t c ’~~t S

is  g i ven i n Tab le  I .  l ’hese charges w ere  a s sembled  at P ica t  in n y  A r s e n a l  and r e r e

sel ec ted to e x p l o r e  the influence on heat Ing and eros ion of:

1 . I Jnn m od i f i  ed cha rges  as rep rese t - i t  ed b y Groups  2 , 4, and S.

• 2 .  Change to faster burning basepad , as represen t ed b y Group 3.

6
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3. Amount and deployment  of conven t iona l  Ti0 7/w a x  a d d i t i v e

wi th 0.5 oz. black powder spot hasepad as represented

by Groups 1, 5, 6, and 7 .

Details of each charge are given in Table I.

2. 1051414 HOWITZER

les t firings of the 105mm imowitzer were conducted in similar fashion

to those of the 155mm cannon. Again , test groups were fired consecutivel y .

Rounds of three types were tested .

1 - 1467 standard charge , :one 7

2 - XM76O cartridge with XM200 propelling charge Thne 8

3 - XM622 cartridge loaded at APG , Zone 8

These charges were unmodified and needed no further descri pt i on .

B. DATA hEDUCTION FOR HEAT INPUT

Major  da ta reduc t ion in th i s  i im v e st i g a t  ion  i n v o l v e d  c o n v e r s i o n  of

in-wall thermocoup le outputs to total bore (meat i n p u t  per square  foot and a s C e  5 5-

ment of amount of e ros ion  i n d i c a t e d  by exami nation of a p p r o p r i a t e  Ci’ o- i 1) 1) 5en—(~1’~

Conver s ion  of i n — w a l l  t e m p e r a t u r e  to (mea t  i np tr t was I’a~ ed ~ ~ the

theory  d e r i v e d  i n  Re ference 3 where i t  i s  shown t h a t  bore  h e a t  i i r p l i t  pc i’ S c ( t i : l 1 ’ e

foot is g i v e n  b y t i m e  e x p r e s s i o n

Q 4Ye )~/~~A c f G ( / )

where Q is  t h e  hon e  h e a t  i n p r i c

i s  the i n d i c a t e d  c h an g e  i n  i n — m a l l  t i -nip n a t u r e  at t uric , P

K i s  the t h e r m a l c o n d u c t i v i t y

ct ’ i s  t I m e  hea t  capac it v per till i t o 1 rime

O is time time after firing

8 
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Data reduction procedure is to appl y Equation 1 at successive t i m e

intervals of 0.1 , 0.2, 0.3 sec, etc., thus resul ting in a p lo t  of Q vs. 0. The

curve thus produced is nearly asymptotic to the desired heat input .

As ar-i add i tional indicator of the relative severity of heating condi-

tions , computed interior ballistics data supplied by Pica tinny Arsenal were

combined with the recorded heat input data to predict the maximum single-shot

bore-surface temperature for each 155mm charge type . The Calspan computer code

utilized for this computation is described in detail in Reference 3 and for timis

reason , warrants no further discussion (mere.

The amoun t of erosion experienced by each sensor was determined by

comparison of i ts pretest and pos t tes t SEM pho tograp hs. Thi s comparison was

made after carefu l ultrasonic cleaning as confirmed by use of the SEll in the

x-ray mode , and involved visua l study of surface condition and measurement of

impression length change . Representative photographs of erosion sensors taken

before and after testing are presented in Section IV.
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I V .  TEST RESULTS

A.  155MM CANNON

( J t i l i : i n g  t he  above i n s t rumen ta t i on  and t echn i ques , h e a t i n g  and eros ion

data m e 1 - g a t h e r e d  for t ime  155mm Ml85 tube . Reduced f i e l d  test  data genera ted

for each charge  typ e (or group number)  are summari zed  in Table I I .  In t h i s

ta b l e , both ballistics aimd heating data are presented . Generally, it is noted

that equivalent ballistics performance was obtained for the modified X14201L2

cha rges  w i t h  m e a s u r e a b l e  cimanges in bore hea t ing . For a l l  cha rges , bore hea t ing

i s ohserved to diminish with axial distance toward the muz:lc. Mu :zle h e a t i n g

appears  to be f rom I/ - I  to 1/3 t h a t  at the ori g in for  most cha rges .

Of i l l  groups t e s t ed  o n l y  those  u t i l i z i n g  the  ex t e rna l  j a c k e t  showed

presence  of chan i he r  r e s i d u e .  For these , res idue  amoun t s  ran ged from zero to

5/4 square inc imes  i n  spec i fi c shots

1.  TOTA L HEAT INPUT

( l i e  hea t  input i n di c a t e d  for the or i g in of r i f l i n g  for the  t e s t

groups appears  to  i n d i c a t e  the 14119 clmarge to e x h i b i t  least h e a t i n g  ( w i t h  t h e

ex cept ioi -i of the M4.\2 cleanin g rounds) . A general i zation for the origin of

r t t ’l i n g  h e a t i n g  of t ime X\1201E2 mods indicates hea t  i n p u t  to be lowered i n  some

proportion w i th ti-ic increase il-i amount of internal liner used. Least h ea ting

~as found for the \M20lL2 mod containing 19 .0 o:. of internal additive. The

\M21 )  I L2 mod h ;ry i im n~ time 12 o: . external jacket , al thoug h sh ow i n g  improvemen t

ovc ’i ’  t i m e  unmodi f i e d  \ M 2 ( u 1L 2  , showed greater or- i g i n  heat ing than the  mod h a v i n g

19 0:. i n t e r n a l  lit r e ’. Because o r i g in  h e a t in g  and erosion are interrelated ,

one w o u l d  expect time ero s ion to he least for the 14119 charge f o l l o w e d  c lo se ly

by the X1420 I L2 cha rge con to it - i l ng 19. (1 o : . i nterna I I inner

A si gnific ant factor in is scs siny the ero si y it v of a charge  is  its

C l t e c ’t on t h e  s tur in  bo re  temperature p r d i c e d  in time firing of any particular

shot . It wrist be trot ed that as bore t espc n o t  r i n ’~ reach  I eve Is in excess of

1 0

- - -r• -
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s m a l l  te 1rml)ur~1ture changes  can affect erosion greatly due to rap id change
in material strength at this temperature level. Peak bore temperatures for

the charges t e s ted  as computed by Caisrlan a re  also given in Tab le  II. The

standard X14201E2 is shown to reach a peak bore temperature of about 2100°F .
This is in comparison w ith a computed maximum of about lb ”0°F for  the 14119

charge . The XM201L2 mod con taining time 19 oz. internal liner with an ind icated

peak temperature of 1790°F shows ti-ic closest approach to that of the standard

J M119 charge .

2. BORE bROSION

Erosion data generated after examination of ti-ic erosion sensors is

suinnmari :ed in Table III. A descri p t ive accoun t of selec ted sensor surface

condi t ion be fo re  aimd a f t e r  tes t  is f u r t h e r  g i v e n  b y the  p h o t o g r a p h s  of Fi gures

1 tlmro ugh 4 . G e n e r a l l y, i t was found that the XM201E2 nods showed greater

erosion ti - ian t h a t  of the  14119 charge . The u n m o d i f i e d  X M 2 01F 2 showed g r ea t e s t

surfac e erosion. Fi gures 1 and 2 illustrate the erosion differences between

the  M11 9 charge and time u n m o d i f i e d  \ 1 4 2 0 l E 2 .  In Fi gure 1 , compared to the

e x c e l l e n t surface  condi t ion  on s t ee l  for t ime 141 19 a f t e r  f i i - i n g ,  the s t e e l  sen-

soi- used in t h e  X 1 4 2 0 l F 2  f i  i -i ngs shows obvious  su r face  loss and c r a c k i n g .

t ) i  f f e r e n ce s  ai’e further amp l i f i  ed by ti - ic In c o n e l  s e n s o r s  of Fi gurc ’ 2 Of

course , t h i s  r e s u l t  was anticipated f rom ti -re e a r l i e r -  f i m - i n g s  of Re fe rence  2 .

For tuna te l y, i t was Ci  lso found in  t i m a t  woi-k t h a t  e ros ion  s e v e r i ty  of th~ bose

i gnited X M 2 O I L 2  charge c o u l d  he reduced c o n s i d e r a b l y t h roug h the  use of ic  0.5

0:. b l ack  powder spo t hasepad and add it i ona I wear add i ti ye. Of those X14201E2

nods tested in the current work , it w a s  found that increased internal additive

resril ted in i-educed erosion . iience , time 19 o: . internal additive desi gn resulted

i im less e no-. ion tharm the otimer i rite n i na  1 add it i cc desi gn s of le s se r  addi t i v e

wei ght . Furthermore , time erosion e x i t  ih i ted by tie sensor-s for the 19 o: . inte i- —

nal 1 i rm er desi gn showed indistinguish ab le di ffC -r ermces from that of t h e  12 0:.

jacket (.,-\t enin;il I o dd it i v . - de-~ gil shown effl-ct i ye i n  time 3000 round fired test

at Yuma ( no v i rig ;r-onrmr d . F I gunl- s 3 and I i l l  its t rate time surt’ace cond r t ion of

b o t h  t h e  s t  c i i  0011 Irme on el sen sor’s ton r- ,n~’h of t i l l- s e  two best pe r-form ing designs.
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Figure 1 COMPARISON OF STEEL EROSION SENSORS FOR M119 AND
UNMODIFIED XM 201 E2 CHARGES (200X)
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The steel sensors for these designs compare favorably with that of

the M119 (Figure 1). A comparison of Fi gures 4 and 2, showing the surface

condition of the Inconel sensors , c lea r ly  demons trat s the improved performance

of these nods over that of the unmodified XM2O1E2 as well as their degree of

approach to erosivity of the M119 charge . 
-
:

In addi tion to evaluation of sensor surface loss through impression

length change and loss of polishing marks , each was photograp hed at 200 0X C

magnification and inspected for surface cracking. A qualitative ranking of

0-10 was then established relating to the size and number of cracks. A ranking

of 0 indica ted no cracking and 10 severe cracking. Each charge group was

then ranked with regard to surface cracking with results as given in Table III.

Again , the ~Il19 ranked best with the XM2O1E2 worst. The XM2O1E2 nods showed

intermediate values as indicated.

Reviewing all significan t factors of:

1. heating,

2 . erosion and cracking of steel ,
3. erosion and cracking of Incon rel ,
4. chamber residue , and

5 . prac ti ca l i ty of desi gn ,

it is recommended that consideration be gi ven to mod i fication of the X~12 0 l i f 2

charge th roug h the  a d d i t i o n  of a ( 1.5 0:. b lack  powder spo t to the basep ad ad

change to a 19 oz. in ternal wear liner.

B. I 0b~L\I !( 0W I ‘I’:ER

BORE IU~.\F INPU T

Reduced field test data collected in the 105mm f i r i n g s  are as given

in Tab l e IV. Ballistics and heating data as gath ered in the tests are shown .

Again , as for t h e  155mm c a n n o n , bore h e a t i n g  is  observed  to d i m i n i s h  w ith axial

di stance along t u e  t u b e .  Actua l h e a t  ing values fom- al l charges tested in the

I (f~mm are cons id erab I bel ow those aC; i- I- cord ed in the 155mm tube. In fact, at

19 
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the ori gin of r i f l i n g , maximum heating in the 105mm is below even that for the

155mm M4A2 charges. (Ic-ace , erosion of the 105mm with the tested charges would

naturally be expected to be very minor in the limited complements (5 shots each)

used for each group .

Near the origin of rifling measured bore heat input appears to be

lowest for the Mb7 charges . The XI~I2OO and XM622 charges appear to have nearly

the same bore heating with the XM622 showing a few percent greater heating than

the XM200. Toward the muzzle, the XM200 charge shows sli ghtly greater heating

than the XM622 and 2 to 2.5 times as much heating as the M67 charge. Based on

hea t ing  alone , one would expect the XM2 00 and XM 622 charges to e x h i b i t  about

the same erosion and to have greater erosion than the M67 charge .

2 . BORE EROSION

As noted above and antici pated at the outset of the program , cond it ions
w i t h i n  the  bore of the 105mm h o w i t z e r  tested were found to be very m i l d  compared

to more energetic cannons such as the eight-inch cannon (ref. 1 ) or the 155mm

cannon . Generally , it was found that erosion of even the sensitive \ascomax

sensors placed in the lands was very minimal in 5 shots. Figures 5 t h roug h 9

illus trate the sensor surface condition for each type of round tested .

In an attemp t to formulate a basis upon which each charge could he

ranked wi th regard to erosivity, erosion sensor condi tion after test was

charac terized throug h analysis of several factors . First , the surface loss

was estima ted by carefu l observation of surface quality and impression length

change . Resulting estimates are given in Table I. Photographs from which these

surface loss estimates were based are shown in Fi gures 5 through 7 .

Second , the presence of surface wave formation in varying degrees was

observed on each sensor. Inasmuch as this wave pattern , presumabl y caused by
softening of the surface , should be a measure of ch arge erosivity, each sensor

was ranked wi th respect to the magnitude of wave formation observed . This was

accomplished through subjective observation at low magnification as of the type

shown in Fi gure 8. Ranking was based up. n 0 indicatin g no wave formation and

22
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10 indicating pronounced wave formation . The resulting ranking for each sen sor
is as given in Table V.

Third , inspec tion of each sensor under low magnification revealed

differences in the amount of edge rounding of the sensor for each charge fired .

This is illustrated in Fi gure 8. Again , as for the wave formation , a similar

ranking system was used with regard to the amount of edge rounding on each

sensor. These estimates are also given in Table V.

F i n a l l y , at very high magnifica tion as is shown in Figure 9 , each
sensor could be inspected for surface cracking. This was accomplished with

s imi l a r  r ank ing  sys tem to the  above . Resu l t s  are g iven in Table V.

R e l a t i v e  performance of each charge type was determined by assuming

each sensor for a charge type to have equal importance (as if they were at the
same location) and wei ghting each indicator the same so that a direct average

could be taken . Table VI gives the average of the indicators as well as the

measured average surface loss. As shown , the M67 charge indicates the l owest

average (lowest erosivity ) in regard to qualitative indicators , surface loss ,

and heating. The XM200 and XM622 charges are found to have similar values with-

in the accuracy of the ranking estimates and are there fore judged to he of

equivalent erosivit .

Post test characterization of the chrome-moly -vanadi um sensors wi ’ri,- used.

in the repeat firing of the XM200 charge , as was expei ted , showed ins i gni fi cant

surface loss 01’ cracking. i t  would appear that a substantially greater number

of shots (say- 20-SO) arc needed if this materi al type is to provide meaning ful

discrimination between these mildly erosive 105mm charges.
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