
I

A D-787 306

ANALYTICAL PERFORMANCE OF STEEL,
ALUMINUM AND PLASTIC FOR A NEW ID)ESIGN
HIGH PRESSURE 'FlItN-WALLEI) CARTRIDGE CASE

Leonard M. Gold

iýrankford Arsenal
PhiladLelphia, Pennsylvania

June '1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMFNT OF COMMERCE



DISPOSITION TMSTWMCICATS

Destroy this repcrt when it is no longer needed. Do not return
it to the oriSinator.

A /

IL'be f.m1ig in this~ rep-ýrt fie w to be cont7 týXed as sm. offizi zn'
~ o t t!~. Amy ~ t i~n ~ ~o ~ig~ýtj b h~ UtU2

doci~ncnt



SEC~UNITý C:%_A5S I- CAT!ON OF THIy, PAGE (Wh.n n', Pof-04

REPORT DOCUMENTATION PAGE BE__HFORE C'OMPLETINGG FORM: ]

I. EPOT jMH N 7GVT AC( 'TSION NO. IRECIPIEN r'S CATAL05 HUI:,C

4 TIT11 5 TYPE OF REPORT & PERIOUL C-ovEptO

A NA 1,Y' I CAL `Y P V. Ii \".NilA NC E O 0F ST F,,I-L, I

ALU N,1NUM & PLASTI1C iFOR A NEW IDES GN I Mm~a{uirpr

IIIGI I PRESSURU-, Tf'I N- WALLEID(CART MDý1\11GE: 6. PERFORmiNG ORG. REPORT NumaERt

7c U HO9e CONTRACTF R ATNUi&ER(.)

1 ?o~i cli M. CI dd

9. PERFORMING ORIANIZA-TiIN N AME AND ADDRESS 10 PFNOGRAM ELFMENT. PROjEC7T TASK, RANIKFORD ARi{AICNAL ARCA & WORK UNIT NUMBERS

Attni: SAI'\V-A-1-IDM-F DA%,CN ItH)2)OAJ

Philadelphi-t IDA P1,)"7 DA13rjIJ0__AIý
I I CONTRULLIN, OFPICE NAM.E AND ArnfFESS 12. REPORT DATE

A 1: NŽC 01N8 June 1974
IS. NtMBER Or.PAGES

14 M-ONITDRN 0 AC.EN '7 N`A0MS A .. rRESS(11` d~f~f-r,1 ,0,, fl 1,5,!I4Ot)-) I. sLECURITY C7LASS (ýTi 1. report)

UNCLASSIFIED

SCHEDULE N/A
16 OSTRIBUYION ') A ME'' . ., R.,Por)

17. DISTRIBUTION ST AýEMEN T (,,1 1?. oh.II ,-f l~ VI -1f.I ;0, f lift.,., It-,, Roport)

S f- -U HMETAPy NOTt!

Is KEY; *OR)US .Io - ,. . 11. It Uy hc.ar ~l - k ,-b-

(1,1 r I cti I I 1- I lnt 1ion

Ca -ASAcF o'o~ lr.~*** ~ . 'U1~ ''~An'.'~Irr (~) itriu

Ctý(-S P11 ~~II) tW j Iily4pI-:-1 1 , 00 p-;i. Ihe mt I

.11 Ih I)Il(Itj¶III kl(Yi;t wýpOýith

_:1 ________I. __'_It __I__I__I___ f t 111 , t" ,

D D , 1473 1'- -I IO O 0F .IW6 OUSOLF Tt I. N(LA'SS! 1-11<

,t-, RITY ( L ASIEICAT ION OF T1414ý PWF~,,



TABLE OF CONTENTS

INTRODUCTION ................... ......................... 2

PROCEDURE. ................ .......................... 4

ANALYSIS AND RESULTS ............... ................... 5

CONCLUSIONS AND FUTURE WORK ............ ............ 9

R EFERENCES ................... .......................... 11

DISTRIBUTION ...... ......................... 12

List of Illustrations

Figure

1. Thin-Walled ACT Cartridge Case Design ........... 3

2. Finite Element Grid for ACT Case ....... ........ 6

3. Effective Stress as a Function of Position for a
1030 Steel Case ................. ..................... 7

41. Effective Stress as a Function of Position for a

7475-T6 Aluminum Case ........... ................. 8

1



INT RODUCTr'ION

The purpose of the High Pressure '-hin-Wailed Cartridge Case

task of the Automatic Cannon Technology (ACT) program, 1J662604AH'(7,

is to develop a new cartridge case concept which will meet pressure

requirements of 75, 000 to 100, 000 psi.

One of the most difficult parts of performing a stress analysis is

the proper application of loads or boundary conditions. This is partic-

ularly true in the analysis of a cartridge cace under firing conditions

when the case is to function near the material capacity. Under a

previous effort4 a preliminary structural analysis on a 1030 steel case
was conducted a: surning the chamber to be rigid. At 75, 000 psi the

effective stress in the cas- reached approximately ninety percent of

the breaking strength of the material. The increase in deformation

which would occur with a deformable chamber could be sufficient to

allow the case to rupture. This necessitated the modeling of the

interaction between the case and chamber.

A simplified model was developed usiný i. embrane stresses1 for
a ccnical membrane and the Prandtl-Reuss' equations, to determine
the deformation of a section of the case. The equations 3 for the ex-

pansion of a thick-walled cylinder under uniform pressure were used
to represent the chamber. Continuity of stresses and displacements

at the case-chanmber interface allowed the determination of the inter-

ferencc pressure as a function of propellant pressure. Since the base
of the cartridge case is hen ispherical (Figure 1). the procedure %-.as

Wilhelm Flugge, "Stresses in Shells, " Springer Verlag, Fourth

Printing, New Yotrk, 19t,7.

Alexander Mendelson, "Plasticity; I heory and Application,

Macmillan, New York, 19t,8.

Rayinond I. Roark, "''ornmlas for Stress and Strain,

McGraw- fill, T'hird Edition, Ne-,w, York, 1954.

Leonard M. G;old, "Cartridge Case - Cha rber Ititeracticn
Duriag Firing," ,'' rankford Ar e•,imi' MU1clor0andw(u Report

M7i i- ')- 1, Dec er1)er- i7
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repeated using the !mnemnibrane stresses for a spheiical membrane

aand the equations for the elastic deformation of a thick-walled sphere

under uniform internal pressure. The mathematical model along with

its resulting computer code is presented inReference 4. The appli-

cation of that model to various materials is the subject of this report.

PROCEDU RE

Sin this analysis, the case is assum ed to be plastic w hen contact
is made with the chamber. Both chamber and case expand unt.l peak

prefsre is reached. At this point the case geometry is modified to
reflect permanent deformation. Case and chamber then _:_&d

elastically until the propellant pressure goes to zero and a determina-

tion is made as to whether o; not the case separates from the charnber.

The case under consideration (Figure 1) is 0. 030 inches in wall-
thickness throughout with a hemispherical base which gives maximum
propellant volume in the base for a minimum of metal and weight.
The clearance between case and chamber is (). 003 inches throughout.

The case is approximately six mm larger in diameter and 5/8 inches
longer than a standard 30 mm case but contains approximately twice
the volume. The chamber used is also shown in Figure 1.

The results of the boundary condition analysis indicated that
extraction forces for a 1030 steel case in a steel chamber would be
excessive. Therefore, it was decided to examine several plastics

and then aluminum. The analysis of various amounts of glass-filled
Tefzel and Zytl plastics indicated probable failure near the primer

cup and no further investigation of plastics ensued.

Three aluminunm alloys were examined: (I) MA08-T6, (2) 7075-T6
and (1) 7475-T6. The best of the three alloys was 7475-T6. The other

alloys were eliminated and the computer analysis continued with 7475-'T6
as the final case material. Finally, a section of the case was then
prograirnmed with a gap betweenr the chamber and bolt.

Leonard M. (l(;ld, "Cartridg, C(ase - (;haniber Interaction During
tiring, " 1,'ranhford Arsenal Mernoran,!un, Report M7 -i"i-1,

D)ecember 197 1.
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ANALYSIS AND RESULTS

The grid used for the finite element analysis (Figure 2) consisted
of 2"•4 element3 and 385 nodes. The Aall is comprised of three
elements throughout the case with the one exception at the primer cup

seat lip which consists of six elerrents.

The initial analysis of the case was performed for a 1030 steel
case in a rigid chamber. Because of the thin-walled profile of the
case there was veiv little variation in effective stress through the
wall thickness. The effective stress for the middle element at each
location Ln the ca6- is plotted in Figure 3 for the steel case. The

analysis indicates interference pressure between case and chamber of
almost 16, 000 psi after unloading. Because of the excessive inter-
ference pressure which causes a high extraction force the steel case

was not consid-red a sui÷-tble candidate.

Several plastics were analyzed using the rigid chamber boundary
conditions. All were found inadequate and fa:lure was indicated

either in the hemispherical base or in the pr.mer cup region.

ThV. ri2irl chamber analysis was condcuLed for MAO8-T6, 7075-T6

and 7475-T6 alunminum cases. Each case analysis indicated satis-
factory behavior with very snmall variatir n in effective stress through
thi. wall ard along the length of the case. At peak pressure the
effective stress throughout each case stayed approximately 5 percent

or less above the yield stress with some locations just at yield. The
effective stress for the 7_175-_1'(6 case is plotted as a function of
location in Figure 4.

The Ftreaking strength of the 70)75-16 is considerably lower than

for MAO-8-T6 or for 747T-'I'6. Considering this and the fact that

the boundary is not rigid eliminated 70)75-T6. There is very little
diffe'cnr-c bet.,ecn the MA08-TOl and the 7-7 -Tb. The factors
leading to the- choice, of 7475-T0, over MAO8-Tl were:

1. 7475-'"t) is more easily obtafined and

2. 'Ihe ioduhlt s ,I 747h-`ý, is les:ý than the niodulus of MA08-'Iý,

which iimplies lowe r interfrence pressures between case and chanihe
and as a resiilt easier ( ase extraction.
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The boundary condition analysis was perforrmed fz'r the 7475-T6

case in a steel chamber and the interference pressures, after unloading,

varied from three to five times lower than the steel case in a steel

chamber at the same locations. The results of this analysis were

then used as boundaý,y conditions in the finite element analysis.

The data for the hernispherica! base was used as a displace-

ment boundary condition while the data for the rest of the case was

used as pressure boundary conditions for the 7475-T6 alloy. Tk

boundary interference pressure history varied along the length of the

case and could not be input to the finite element program as one set

of data. The maximum interference pressure was placed in the

finite element program and the analysis was run six timrns with the

interference pressure history for each of six sections used as the

history for one run. The results geierally indicý,ted satisfactory

behavior of the case. Also, the case survived pressurization with a

suppoit gap of 0. 02 inches between the chamber and bolt.

Somr, minor problems were encountered during unloading of the

case such as excess tensile stresses near the chamber-bolt interface

and at the case shoulder. These results seem to be caused by ex-

cessive boundary condition loading. 'The inaccuracies inherent in

using simplified shell theory and geometric approximations for the

chamber would indicate that the pr(ýbletis are a result of the boundary

condition program rather than actual (ase behavior.

CONCLUSIONS ANi) FI'UTURE WORK

As a result of this study the folloiwing conclusions c an be dIrawn

concerning cartridge case material.s 10r the desi gni concept desc ribcd

in this report:

1. Extraction forces for a 10o) st i,,,l (as, are ex( ,ssive.

2. Glass-filled Tefzel afnd ( .y tl philstics indicate probable

failure near the p rinier (up.

i, The ahl:moinutni alloys MA().-8, ) - , an4i 7-147 H-' '( per-
fo)rmied satisfactorily for thO rigid boundlary atfIatyv;is.



4. T he aluminum alloy 7475-T6, having a higher breaking
strength than M.O-8 and 7075-T6 was stuc;ed with the non-
rigid boundary analysis including a small support gap between
the cha-nbbcr and bolt; and the case performed satisfactorily.

5. The interference pr,.,ssure between the 7475-T6 case and
chamber was found to be about four times lower than that for

the st ýel case.

With the case design verified by computer analysis, working
drawings of the case may be made and the cases manufactured. A
standard 30mrm Mann barrel is available for rnodificatibn. Figure 1
-ihows the essential features of the modified barrel and breech
mechanism. Dimensions need to be provided for the breech mecha-
nism. The moving parts such as spring, hammer and firing pin may
b, used from th±e existing breech. After case mýnufacture and
modification of barrel and breech, the cases must be fired to demon-
strate the feasibility of the case concept.
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