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SUMMARY 
The problem of case neck separa t ion  malfunction in the  f i e l d  of a m u n i t i o n  

s t r u c t u r a l  ana lys i s  is inves t iga ted .  The axi-symmetric s o l i d  of revolu t ion  
RING element was u t i l i z e d  :!n the  manual piece-wise l i n e a r  ana lys i s  t o  ob ta in  
the  expansion of the  wall of the  c a r t r i d g e  case and b a r r e l  chamber by the  pres- 
su re  of propel lan t  gases and the  stresses i n  t h e  s t r u c t u r e .  
included t h e  varying material p rope r t i e s  a long the  w a l l  of t he  case and t h e  
chamber. 
I D ' S  without recomputing the  e n t i r e  s t i f f n e s s  matrix.  

The ana lys i s  

Addit ional  i n s t r u c t i o n s  were provided t o  change the  element material 

INTRODUCTION 

A c h a r a c t e r i s t i c  problem i n  the  f i e l d  of ammunition s t r u c t u r a l  ana lys i s  is 
Specif i -  t he  i n t e r a c t i o n  between the  c a r t r i d g e  case and gun b a r r e l  chamber. 

c a l l y  of i n t e r e s t  is a case neck separa t ion  (Ch'S) malfunction where rupture  
occurs  a t  the  neck-shoulder sec t ion ,  see Figure 1. 
lems i n  double ended l i n k l e s s  feed systems, i.e., system i n  which the  f i r e d  
cases and r e l e s sed  rounds are returned t o  the s torage  drum. 
cases with p a r t i a l l y  o r  completely separated necks is l o s t  by the  hand-off 
sprockets ,  r e s u l t i n g  i n  a system jam. I n  systems where the f i r e d  cases are 
dumped overboard, CNS presents  no problems unless  the  separated case neck 
remains i n  the  gun b a r r e l  chamber, which can r e s u l t  i n  a j a m  when a subsequent 
round is fed i n t o  the  same b i r r e l .  

C N S  presents  s e r ious  prob- 

Round con t ro l  of 

When a round is f i r e d ,  the  powder pressure bu i lds  up and the  s idewal l  
expands e l a s t i c a l l y  t o  its y ie ld  poin t  and then completes its expansion p l a s t i -  
c a l l y .  
taking up the  i n i t i a l  c learance between the  case and the  chamber, i t  w i l l  be 
completely p l a s t i c  when the  pressure reaches i t s  maximum value. 
i n s t a n t  of maximum pressure,  both the case outs ide  diameter and chamber in s ide  
diameter w i l l  have expanded together  t o  a common maximum value. 
c a r t r i d g e  case s idewal l  w i l l  be ac ted  upon on the i n s i d e  by t h e  i n t e r n a l  pres- 
sure  and on the  ou t s ide  by the chamber-cartridge case i n t e r f a c e  f r i c t i o n  and 
pressure.  
and pressure.  
of maximum pressure,  the  assoc ia ted  s t a t e  of s t r e s s  i n  the s idewall  can be  
determined f o r  various assumed values  of axia i  ( longi tudina l )  stress i n  the  
s idewall .  
together  with its assoc ia ted  flow ru le .  

Although the  s idewall  may o r  may not  e n t e r  the  p l a s t i c  range before  

A t  t h i s  

Here the  

The chamber w a l l  w i l l  be ac ted  upon by equal  and opposi te  f r i c t i o n  
Knowing the r a d i a l  loads on the ca r t r idge  case a t  t h i s  i n s t a n t  

This is done by applying the Von Mises o r  the Treaca l a w  of y i e ld ing  
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In  the  probles  of expansion of the  w a l l  of c a r t r i d g e  case and b a r r e l  
chamber by the  pressure of propel lan t  gases and the  stress ana lys i s  of the  
s t ruc tu re ,  i t  is des i red  t h a t  t he  axi-symmetric s o l i d  of revolu t ion  R I N G  
element be u t i l i z e d .  This eltment o f f e r s  both s impl i c i ty  and accuracy over 
o the r  elements. Since the piece-wise l i n e a r  ana lys i s  opt ion of NASTRAN has 
not  been developed f o r  t h i s  element, a program was i n i t i a t e d  t o  perform the 
piece-wise l i n e a r  ana lys i s  manually (see Reference 1). 
is given i n  Figure 2. 

A summary flow diagram 

INTERNALLY PRESSURIZED CARTRIDGE CASE 

We now proceed t o  inves t iga t e  the  design of t h e  ca r t r idge  case neck and 
b a r r e l  chamber i n t e r f a c e  s e c t i o n  of a high pressure b a l l i s t i c  system. 
3 dep ic t s  the  f i n i t e  elements used i n  synthes iz ing  the NASTRAN model of p a r t  
of the  ca r t r idge  case, b a r r e l  chamber and p r o j e c t i l e .  
are assumed to be f r e e  a t  one end and clamped a t  the  o the r  end while the pca- 
j e c t i l e  w a s  assumed t o  be f r e e  a t  both en's, 
RING elements were used. 
of 654 degrees of freedom. Bi-l inear s t r e s s - s t r a i n  curves are se l ec t ed  f o r  
the  e l a s t i c - p l a s t i c  materials which var ied along the  c a r t r i d g e  case.  MPC w a s  
used a t  the  i n t e r f a c e s  of the  chamber-case and case-project i le .  Displacement 
and force  condi t ions f o r  skewed boundary are imposed on some p a r t  of the  s t ruc-  
t u r e  whose boundary sur face  is not  or ien ted  with respec t  t o  the g loba l  a x i s  
system. I n t e r n a l  pressure is appl ied i n  increments. The incremental  displace- 
ments and stresses were cataloged and f i l e d  a f t e r  each run. 
added t o  the  previous r e s u l t s  t o  obta in  the  t o t a l  displacements and stresses. 
Af te r  each run the  s t r e s s e e  were t e s t ed  with the  Von Mises Condition. The 
elastic material p rope r t i e s  of those elements t h a t  s a t i s f i ed  the  y i e l d  
c r i t e r i o n  are changed i n t o  p l a s t i c  material proper t ies .  

Figure 

The case and chamber 

Rigid Format 1 and trapezoid 11 
The o v e r a l l  model had 254  elements, y ie ld ing  a t o t a l  

These were then 

I n  order  t o  form a manual piece-wise l i n e a r  ana lys i s  and t o  change the 
element material I D ' S  without recomputing the e n t i r e  s t i f f n e s s  matr ix ,  the fo l -  
lowing changes are needed i n  the  NASTRAN DMAP ins t ruc t ions .  

To use  f i l e s  r a the r  than tapes f o r  data s torage,  the  following card must 
be in se r t ed  before  the  Executive Control Deck, see Reference 2 .  

For Run 1 the following cards  are in se r t ed  i n  the Executive Control Deck 
i n  order  t o  change the r i g i d  format. 

ALTER 32 
OUTPUT1 , , , ,//C,N,-l/C,N,2 $ 
OUTPUT1 KGGX, , , , / /C ,N ,O/C ,N,  2 $ 

OUTPUT 1, -, , , ,//C,N,-l/C,N,O/C,N,USEWLA 

END ALTER 

ALTER - 110 
$ 

OUTPUT 1 - - -  UGVV, , , , //C,N,O/C,N,O/C,N,USERFLA - -  $ 
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For Run 2 

ALTER 31 
PARAM //c,N,NoP/v,N,~M~=-~ $ 
fNPUTTl /,,,s/C,N,-l/C,N,3 $ 
INPUTTl /KGGXX, ,, /C,N,O/C,N, 3 $ 
CHKPNT KGGXX$ 
ELCHANG MPT, ECPT/ECPTl, ECPTLIV, N, NOCHAN $ 
SAVE NOCHAN $ 
EQUIV KGGXX, KGGXI’NOCHAN $ 
COND YANG1,NOCHAN $ 
SMAl CSTM, MPT, ECPTl , GPCT, DIT/KGGXl, , GPSTl/V, N , NOGaJL/V, N, NOK4GG/V, 
Y,OPTION $ 
SMAl CSTM,MPT, ECPT2, GPCT,DIT/KGG=, , GPST2/V,N ,NOGENL/V,N ,NOKhGG/V, 
Y,OPTION $ 
ADD5 

CHKPNT KGGXXX $ 
EQUIV KGGXXX,KGGX/IM1 $ 
JUMPYANGl $ 
MATPRN K G G M M , , , , / /  $ 
ALTER 32 
LABEL YANG1 $ 

OUTPUT1 KGGX, , , ,//C,N,O/C,N,2 $ 
ALTER -110 
INPUTTl 
ADD UGPREV, UGV/UGw--$ 

OUTPUT 1 
ALTER - 1 2 1 -  
SCR2 
EST, /- - OPG2, 00G2, OUGV2, OES2, OEF2,/C,N,STATICS -$ 
OFP 

KGGXl, KGGXZ,KGGXX, , /KGGMEx/C,Y ,ALPHA= (l., 0. ) /C, 
Y ,BETA= (-I., 0.1 /c, Y, GAMMA= (1 ., 0.1 $ 

OUTPUT1 ,, p//C,N,-l/C,N,2 $ 

/UGPREV, , , , /C,N,-l/C,N, l/C,N,USERPLA -$ 

omF~- i ,  - -, , , , //C,N,-~/C,N,O/C,N,USERPLB - -$ 
UGW, , , ,//C,N,O/C,N,O/C,N,USE~LB - -$ 

CASE CC, SDTM, MPT, DIT, EOEXIN, SIL, GPTT, EDT, BGPDT, P a ,  OB, UGW, 

OUGV2, OPG2, 00G2, DEF2, OES2,//V,N,CARDNO/V,Y,OPTION -$ 
END ALTER 

For Run 3, USERPLA is changed to USERPLB and USERPLB is changed to 
USERPLC . 

i 

i 

Alters 31 and 32 are used in conjunction with CHANCEL cards for changing 
element material ID’S without recomputing the entire stiffness matrix, along 
with output tape INP2 and input tape INP3. 

Alters 110 are used to perform a manual piece-wise linear analysis, along 
h 

with output tape INPT and input tape INP1. 
stresses, forces, and displacements to be printed out. 

Alters 121 allou the incremental 
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Pan 1 

Request, INPT, *PF. 
Request, INP2, *PF. 
Request, IDLF, *PF. 
Rewind, INPT, INP2, IDLF. 
NASTRAN (, , IDLF) ATTACH. 
Catalog, INPT, INPT, IDPFREDERICK. 
Catalog, IDLF, IDLF, ID=FREDERICK. 
Catalog, INP2, INP2, ID=FREI)ERICK. 

Run 2 

Request, INPT, *PF. 
Request, INP2 *PF. 
Request, IDLF, *PF. 
Rewind, INPT, INP2, IDLF 
Attach, INP3, INP2, ID=FREDERICK. 
Attach, INP1, INPT, ID=FREDERICK. 
Rewind, INP3, INP1. 
NASTRAN ( , , IDLF) ATTACH. 

Output data is saved on the  IDLF f i l e  which is the  punch f i l e  by using the  
opt ions ava i l ab le  i n  the  Case Control Deck, see Reference 1. 

Example: DISP(PRINT.PUNCH) = ALL 
STRESS (PRINT,PUNCH) = ALL 

In  order  t o  have a realistic model a f t e r  each run t h e  elements a c t u a l l y  
Some Fortran rout ines  were change pos i t i on  according t o  t h e i r  displacement. 

developed t? incorpora te  these  changes i n  the  model. 

Program WIDEF i n i t i a l l y  converts  GRID data t o  16 column f i e l d s  i n  order  t o  
allow the  displacement values  to  be u t i l i z e d  regardless  of how small the  numeric 
value is. (Run once.) 

Program GEOMX takes  xhe displacement values  from the  IDLF f i l e  and adds 
them t o  the  GRID values  from the  f i l e  c rea ted  by WIDEF. 
is  the  new NASTRAN run. 
material p rope r t i e s  by the  use  of CHANGEL card (explained below) and i n s e r t  any 
o the r  new uata cards  t o  the  NASTRAN deck. 

The new da ta  input  f i l e  
GEOMX allows the  user  t o  change the  LOAD card,  the  

CHAN'IEL Cards 

cHp3JGEL ELID OMID ELID OMID ELID OMID ELID OMID +A 
+A ELID OMID ....... ENDT 
ELID is an  element I D  number. 

OMID is the  o ld  material I D  f o r  t h a t  element. The new material I D  must be 
placed on the  element connection card.  
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EKDT is  required.  

I f  no CHANGEL cardR exist ,  ',he previously computed s t i f f n e s s  matrix (from INP3) 
w i l l  be  use<. A l l  naterial cards  referenced on property cards,  connection 
cards, and CHANGEL cards must be included. I f  r e s t a r t i n g  a f t e r  DMAP number 33, 
do not include any alters, INP2 o r  INP3 tapes. These changes work f o r  a l l  
elements with material. I D ' S  f o r  elements with more than one material I D ,  j u s t  
the  f i r s t  one ind ica ted  on the  property card can he changed with t h i s  method. 

I n  addi t ion ,  two o ther  Fortran programs take the  output from IDLF. "he 
f i r s t  program sums up the  ind iv idua l  normal stresses ( R , e , Z )  Find shear  P'' -ses 

flow 
rule .  The second Fortran rout ine  sum8 up the  displacements (R,Z).  Thu . .:ach 
s t e p  while performing a piece-wise l i n e a r  ana lys i s  t he  da t a  is organized 
r e s u l t s  are e a s i l y  s tudied.  

(ZX) and appl ies  t he  Von Mises Law of Yielding together  with i ts  as soc l  
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