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INTROCTION

In this report a summayy is glven of the work done during

the second year of & Research and Development Study on Sitress-Stxain

Characteristics of Shells emd; High Explosives.

In the 'swnmary of the Ffivst yea:é"s work, it was pbinted.
out that the ordnance design enginser; in common with all engineers ;
is often regqulred to develop systems For which srslytic design
procedures are not available and be must _conae@uenmwy ca.ll upon his
vesources in the art of design to carry throvgh his essigaments.

As smalytic procedures based on general physleal laws ave developed
Tor ordnance problems; the engineer is’ _a;'ble %o move from the art Qf

desien to rationsl design end canseqbuent'l& ‘bo pefforxﬁ. his work more

efficiently and preciscly. ' |

The basic purpose of this study has bsen to investlgate
snd develop rational procedures for the design of artillery shells.
During the two years that this study bas been undervey, the '
folloving reports have been prepared:

TR 1l=3 Exper:i,méntal Procedures for Determining Sheer snd

Dilatationsl Viscositles of Shell Filler Meterlals. By
J. Wo Dunkin and R. C. Geldmacher, Jonvary 1959,

TR 12 Axisymmetrical Buckling of Conical Shells Under Inertila
Ioading. By A. C. Evingen, April 1959

TR 1=3 Stress Anslysis of & Thin Cylindrical Shell with Flat
Base. By &, C. Eringen, April 1959.




TR l<h

TR 1-6

TR 1=-T

TR 1-8

™ 1-9

TR 1=10

IR 1-11

TR 1-12 .

TR 1=13
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I_nnui tudinal and Torsionsl Vibration of Internally Demped
Cylindrical Bars with Attached Masses. By J. W. Dunkin,
Mey 195%9.

A Procedure for Computation of Stresses in Flat Base
Shells., By W. F. Jordan, J. C. Samuels, J. W. Dunkin,
and A. €. Eringen, July 1859.

On the Axisymmetrié Displacements and Si;res'ses of a long,
Thick Cylindrical Shell Under Axisymmetric loads. By
A. Co Evingen, M, M., Stenisic, and R. J., Jezik, July 1959,

Stress Analysis of e Thin Cylindrical Shell with Flai Bzse
and Springy Flller. By L. V. Kline; August 1959 °

Vibrations of en Accelerating Visco-Elastic Rod. By
A C. Ermgen and.lJo Wa Dimkin, July 19590

Stress Analysls of Flat Base Shell Filled with & Springy
Velocity Demped Filler. By J. C. Ssmuels, February 1960,

Approxinations for Scaliag a Flat Base Shell from Titsnium
t0 Steal, By Jo Wo D‘)&.ﬁkﬂn’ A. G, E;‘fingeﬂ; and R. Co
Geldmecher, Februsry 1960.

Thermal Stresses in Concentwic Sperical lsyers. By M. M.
Stenisic, A. Co Eringen, end Ro Jo dezik, Februsry 1960,

Iong Cylindriesl Shell vith Visco-Elestic Filler. By A. C.
Eringen, February 1960‘,

Experinental Iovestigstion of Visco-Elastic Properties of
Filler Materials. By J. W. Dunkin sad T. M. Roach Jv.,
Febrvayy 1950,

Measurements of Gun and Shell Strains During Fizing. By
R. C. Geldmecber and T. M. Roach Jr., February 1960,




" TR 11k

T 1=k

TR 1=15

TR 1-16

TR 117

I 1 @.18

TR 1-19
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Final Report {Phase 1) Research snd Development Study on
Stress-Strain Characterletics of Shells end High Explosives.
By R. Co Geldwacher end A. C. Eringen, Februery 1850,

& Simplified Stwess Analysis of Two-Piece Shell with Flat
Base. By N. F. Jorden, A. Jones, end J. W, Dunkin, August
1960, g ~

Calculstions on the Axisymmedric Displaccments and Strains
of a long, Thick Cylindrical Shell Under Axisymmetric loads.
By R. J. Jezik and N. F. Jorden, Moy 1961.

An Elestic-Plestic Analysis of & Thin-Welled Circular
Cylinder vnder Axislly Symmetric loading. By A. Jones,
A. C. Eringen, and M. M. Stenisic, Mey 1961,

Proscedure for Development of & Digitel Computer Progranm
for Flat Base Shell Auslysis. - By R. C. Geldémacher snd
T, M. Roach Jr.; June 1961, .

The Deformation of Filled Shells Duving Firing. By R. Co
Geldmacher and T. M. Roach Jr., July 1961. '

Summery Report; Ressarch snd Development Study on s.tressm
Strain Charecteristics of Shells and High Exploslves. By

" Ro C. Geldmacher and A. C. Eringen, July 1961,

The 21 xeports listed above along with previously reported

investigations {11 ,v (23, {33, [&], [5}1 represent an integrated
&p’_p}:&wh‘ to & study of stressestrain characteristics of shells end
high explosives. The over-all problem is one of considersble
complexity end substential progress has been méﬂe end important newv
analytical tools ave nov availsble to the ordpsnca engineer.

1‘I§u_mhem in square brackets designate references listed at the end
of this reporbt. ' '
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A complete experimental and theoretical elastic analysis
bes been made of the flst base shell and & procedure for programming
the enzlysis on & digltal computer has beén provided. Thls work is
containad in TR 1e3; TR 1=5, T 13, 1<b; TR 1=13, TR 1=17, and
TR 1=18. The engineer, thevefore, nov has techniques for thorough
anslysis of his dﬁéigﬂ.@ and with the digltel) computer procedure; a
means of eralyzing his designs in & matier of minutes. With these
nevw tools he should be sble to develop end items which will be less
costly to produce end which will pérﬁcm the:i.r intended functions
moxe efficlently.

Excellent progvess has also been made undey the present
contract on three principal remsining problems, namely: the
behavior of filler materials, the interaction between filler and
shell, end yielding of the shell in the vicinity of ’&he rots.ting
band. |

In the present report e svmmary is given of work dome
undsr th;a current contract extension. This includes proceduras
Por using the digitel computer in flat base shell éma.l&sis s the
study of yielding of shells in the vicinily of the rotating band,
study of the interasction between f£iller and shell, preparation of
design curves for thick wall tubes with ring losding, & simplified
strese goalysis of a twospiece shell with £lat bese, and considere-
tion of the desirebility of securing & trlaxisl test machine for
dstexmining £iller properties.
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DIGITAL COMPUTER PROGRAM FOR ANATYSIS
OF EMPTY FIAT BASE SHEIIS

- The anglysis of f£iat base shells presented in TR -3
(April 1959) hos been developed in TR 1-17 (June 1961) into e
step by stap procedurs for digitel) computer calcula‘t«iax; of
elastic displacements and s*'éx"esses In the shell walls and base.

 The engineeﬁ: nead only prasent: geonebry, magnitude of
loading, and material properties to the diig':i,ml computing center
in order to obtain a ‘complet«e ennlysis of his shell design.

A% the presém: time only th»:-e analysis of an empty shell
bas been provided because experiﬁzenﬁal vork cosicaming the effect
of Pillers ic still in progress. However, all steps in the
computation wbich are common for both £illed end ﬁnfilled, shells
hzve been put down in snticipation of the timwe vhen the experi-
mentel work will be conpleted.

The geometry of the shell end distribubion of loading
is showm on page 6. In this figuve, ?g; is ges pressure, B, is
hand pressure,; and kv is the £iller restoring force.

The snslysis of the problem requives the simultanecous
solution of the thres dﬁ.ﬁ’sx’ential eguations for the cylindricsl
bays and the differentisl equatlon for the base, In the process
of solving these equations, it becomes nccessary to solve & set
of 1 simulteneous algebraic equations of vhich three -&m none
lineaw, | ' _

The solution of the 11 egquations ia‘ obtained by means
of a proceduvre which begins with the iuversion of two 11 by 11
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metrices frow vhich an approximate velue for the 14 reauired
aquentities may be obisined. Once the ‘approximete velues hove
been obtalned, a cylical process is used to vefine the
eppro¥instions. |

YIELDING OF SHELL I VICINTTY OF ROTATING BAND

‘I‘Iie:z:’e is svbstantisl evidence that standard shell designs
vield in the vicinity of the rotating band during firing [h], [51.
There 1s further evidence that such local ¥yielding is not necessarily
d.e%rimenml tc the performeunce of £illed shells since f£illers do not
ordinarlly constrain the deflection of {the shell walls even vwhen
large deflections occur (see TR i«»lﬁ and TR 1-18),

Thus, an analysis of ylelding in the vicinity of the
rotating band is of considerable impox*tmée to the ordusnce engingez?
since 1t would permit him to develop retional designs that could
incorporate local ylelding in a way thet could lead to a2 m&uction
in the smovnt of materizl used in the manufactvxe of shells,

In TR 1-16 is presented an elssticeplastic anslysis of &
thinewelled clrculer cyliﬁder wmder axlally symmetric losding. The
enalysis sssumes an inczompmssible media; 8 condition of plane stvess,
2 stress distribution as shown on page 8, and e Tresce yield criteria,

A ron-linesr diffevential equation is obteined and i5
simplified by means of a perturbation technique which essumes the
yielding to be loczlized end loading to be nesr the yield load.
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Assumed Stress Distribution

Some resulbs frdm this thecry ere shown on pages 9 end 0. In
these curves the zero abscissa corresponds to» the position qf

the load,
o The curves on page 9 show the elastic-plastic interface
for various loadings. In the reglons above and below the paixs of
curves having the same paremeter ¢, ylelding occurs; the region
between corresponding curves is elsstic. The ;}arameter € rep;vfesents
e small incresse above the load P, at wbich yielding beglns. Thus,
Pe Po(l % e_) wvheve P 1s the sctusl line load applied to the mids
surface of the cylinder and measured in poumds per inch of

ciroumference.
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The value of ¢ for s particular losd P may be calculated from

aw""ég“’"vl

ahgﬁa o

vhere P ig defined obove and

h thickness of shell
14
B AT !
1P
R radius of shell (to neutral axis)
S, yield stress in simple fension

The ordinates of the curves are in terms of z/h vbhere z is the
distence €rom the neutral exis of the shell to the point in
guestion. |

The deflection curve of the steel and the width of the
plastic reglon for various valuss of ¢ is shown on page 10. The

oxrdinztes ave in terms of the quantlity @31314 where B and P have

bean defined and F
v shell deflechtion, positive inwaxrd
) B’
9
E Youngs modulus

= 1} =
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. | INTERACTION BETWEEY SHELL AND FILIER

Reports TR 1-T, TR 19, TR 1=11, TR 1=13, and TR 1-18
are eoncerned with the interaction between shell end filler. These
TELOTES présen:t; theoretical and expesrimental ng concerned with
various approaches to the enalysls of shell-filler systems.

The worxk done duving the present conbtract extension has
been experimentsl and is reported in TR 1-18. Earlier, messuvements
during firing were made of shell straoins in the vieinlty of the
rotating band for a series of filled and unfilled shells; this work
was reported in TR 1-13, The £iller used in this eariier study was
a PBX simvlsnt. The maximm shell deflections es calculstad fron
the measured streins vere oo the oxder of 008 inches for both £illed
and wnfilled shells and it was concluded that the f£iller gave no
support to the shell walls.

Eﬁe experiments summarized in the present report vere
performad aé a continuation or:the earlier work briefly déscribed
above. Specifie&.lly, the purposes of the present work were: 1} o
develop techniques fo:s:_' measuring shell. strains un&er conditions of
full scceleration, 2) %o initiate a study of the bebavior of shell
£11lers under conditions of full acceleration, 3) to campare the
ghell wall deflections of £illed and unfilled shells under
conéiﬁioms of greater deflection than in the previocus series of
ngasurenants . |

The meteriale vsed in the experiments sre listed below:

1) Mo M101 mechined to the flat base form shown on
page 1. The initial dime:nsions of the shell sre shovn on page 15,




General Technology Corxrporation

A photograph of the modified shell i1s shown on page 16. The
rotating band vas not modified.

2) Filler: Inert filler D.

'3} Gun: Modified 155 mm ML hovitzer described in TR 1-13,
& photograph ls shown on page -l'—o'

L) Instruments: Shell strain weasurements were mede usdng
SB=k C=7 electric strain gages. Chember gos pressure was measured
with an HF-1l prescure goge Ilustelled in the bmech block. Balsnced
bridge clrcuils vers used with hoth the strain é,ages and the pressure
gage. Bridge oubput was received by an Electronic ‘:mhe Corporation
four chonnel cathode ray oscillograph equipped with high gain D.C.
am'pliﬁeréa The cathode ray traces weve photographed by means of
& General Radlo 35 mm sirlp camémq

A series of elght shells was fired. Two circumferential
strain msosurenments wers mede on the inteﬁor of each shell directly
under the mid-point of the rotating band.

Pour shells were fired at high and four at low veloclity
and scceleration. In esch group of four, two shells were empty and
0 were filled. By providing speclal support for the gage lead
vives inside the shell, it vas possiblé to obtain measuvements at
accelerations corresponding to muzzle velocitles of 1700 feet per
second. .

A tsble of maximm strains, maximm deflections,
corresponding gos pyessures, and corresponding veloclties are

shown on page 18.

13 <

TECHNICOAT LIBRARY
T 8 ARMY ORDNAKOE
ABERDEEN PROVING GROUND: MD.
ORDBG-TL




General Technology Corporation

- 8400 % 0002  vmecicm anermsimemipo
ooy
*g-cmm»u——-l

- e e— 6085 :"9: 0003,5 -

0,020 e

5:07 % 0,015 ———p~t
b

|
N
o
Y
\Jt
~s]
prmrmronan
-ﬁ-———-—-—-— ‘600?

MODIFIED M 101 SHELL

(Exterior Dimensions Unchanged)

o 4 -




]
> =) g
) - '
Ty L, E] v ——r - . ~ _ S — . - — 9G61'L INNG FONVHD HIM O8-b-GL S3UISHIINS
-Gl ol R = 1 PR Sy an: s S  —
I - SIOM £ o2 o = R o . 9 0 B ]
. SovimiL I20d ]
iR 01 (WNO3 WUMASHIS AA0NGHN VO S0 -0 # IRUDTT WHINID MO 9= 10 # SMNHOD- WAl O -G, IO TS 30 ITC0 LHIN ¥ Alad¥ .?q
S4HOD AINYNTHO \ IO O ‘4220 10° Q0N OL LON LOONIONN IE AW GNVR OMLLYION HC 30 QUVMNOS TT3HS ML 'ONVE DNULTLON DNV N -v

ANVISIONOY XOuddV '@l ¥3d SIMOTS €
LSVF 1v IONNISNOND e 304D 9 40 AONINONS ¥ ONY SIS0 NIIMLI W 621 O 3

!

ALY NY O, Q3 38 ATW S88 IY3S OVWE -y
SIMOOS 96 XONAAY HONI W3d 3W0JS § -
— o — LNVd BEOLE ON
amﬂ.u. M“M Emgwﬁuaﬁkﬂﬁ n XOV18 TONRLS MU SHRLLTT OF M AG08 T NO ATIVMONLONGT ddit3, TONALS 'KNO STILONOUG 1631 JUSTTIVE ONY J00Kd T NO —xbv
-g om0 L 343 . TENOLLAO ' 3LS-#1-GL 'HIA0T IEVE HISHOD J0 DML ~M
P-BI-SLOMO 43 ‘LITIVE 4O SNDIUYN 8 ONDTOWI L FIIHS 40 NOLLYNDISIS ONV UIBIID ‘SULLVANVIH 40 HY s (U3NUINNMK S0 T0RMAS O
£-9-3.oMQ VA0 ¥ CGASY 13TTve 8 g SV OMOIION) UIGWIN 10T 'S3uNn0ts 0w SU3LLTY § Huim ivas onve MLMOH 40 G4 01 400X S0 T ¥ s -
.uoo.mlu.“o!n 'h_m_o!r.._.wh.!nn»“ﬂg M IEFGUNOR LA MU 1008 TIHE INVE O1 STONVUTIOL NORNING T0HINGO. STOMVUIIOL NOBNINC 01 INTTWIDI LON JWVTIOL LI ~¢
' Hr-wi- G 1353 JALITOMS HOJ'NVE LULOW'SE SO, TYO S -4
1E-vr-ss ona STNLIFAONS 803 ¥IAOD VA € | O, WOLL08 1T O L,
. < - OO N ONVE ONIUYIOH O NOUVINGDY MILV HO 3W0430 YINLI OIMHOVA 3G AvW FAOCNO 4335 ONVE -< |
_wwnﬂrﬂwm i .;».Q.wn> ol ._.Ula.b.._ _~. FIVLAI00V 3 T S1005 Lvd ML QL I SIVIG OML NVHL 30N LON N MILINVIC 341 NO SO0 OL 03ZISHION SONYE -ty
- i . . HOSEY T : €90 (33943 10N 3
¥ m TIWHE LITIMENOE IHL JO VRN IHL OL TIHS JO SV WHONLBNOT FHL OL M INDIAN3dNI INYId ANY M SSINDORL TTOW N NOUVIIWA -~ W
3NN 3ISON nOY>
ONMNIG ONWRHG 30 1S OF-81 Z1 30 QYILEM FIWISEINYIS Si ISYO WOWA O1-29 ! NOISNHAXI AG OIDNGO¥S TIIMS HO3
W XOHSY NI NO SWZONMOIIA0 O) AL'AD 1 INTIOA NUIY ’
SNOISNINI NO JONVE3I0L AB JINMIAOD ALID¥AYS NO JONVEI 0L -k 1
SLHDIIM SMLNAWOD w04 (35N SNOSNINO NVIW =9
¥609 Q330X3 LON TRAS BILINVIO LI TRN0E ©
1L saom* 108 ONMANYG ULV TINYNI LPOVE ON NI HItK 9N SNLA OMGNTON 'ONVH ONLVION La30K3'TIIHS 40 Tvans HOMLLX) IWINI U¥0D - 4= 1 . g3
v ° “06P-d-NYM ‘Il M0 T 3dAL "LNWd XOV8 00kc-OW HIUA ‘SOVIML 1430K3 TIIHS 40 IOUsS HOMIAM 3uuN3 iv0D - 3=
¥ 3UON
29 LN . TNV 0438 06¥-D W ke ‘1 IQVED WAV JONVONOOY M TIIHE JO SIOVANNS BORIIXI IV Suvddg - O ‘
3ALLYNY3LIV 3A00489 H3A0Q 3SvE +nwsz IWS DNLNWG 20430 089-3 I3dS I TNOUAD 3dALID MO I 3OVHD Mim JONVOHOOONW N TI3HG 40 SIOVAMNS HOMALN TIV Nv31D HO 3wd3ba -2 -
3 % a0 1w ieNs SOVEMHL 0. VALINVIC HOCYW 03303 OL LON LAOMIONN 40 H1d30 ULLUM3Y LMOMIONN MO SOVIU HONOHM: MO LDAMEM -6
8 M3IA NN GIOVD 38 LON 03I NOLKING IIONVHITI0ING -¥ »v
- S3.0N
I _— CSTT ueoe-v-o: SREIVION TNV A30W¥0HO ONY 901d OMLI) $537 N
.A @7 GE1FOP L2 - LHOIIM !
%o _ve — .
[ VI900-089 . e e :..!.- & N KIBRISSY n uow : ot
% .qm. I 20- 509 ~|! 5 ez _ ) \
N i 22 0 20-$09- ~ 3 BUON ——— e 3 - ¢
NN ¥ AUon— 4 "o $00-0%S Ly soes ;
A NN . . A I
an \| i 1 i
. s A 3 -1 !
2¢e / q ;
-3 AN\ i ¢
g / N / : =
i ¥IG 800~ 0223 NN / . i & ] !
S + - 1t %" —-m - i
% smom'zwes Dotz pe iogl Z% o0t N = M .
Ed o 5 ; ;
TON W3 ¥ W0 S ON UaEL = i t
® TITIOEOR3 TP TS b [-20-0x & - i : !
svioe-+-51 F5V8 WIADD A e . i N o .
o : N 208952 H t
: la‘ ! X 2uow vou-r-Gi \ : '
a ¥ 3108 : N ‘
b . M= —— - —— T N N0 . . : !
8 Bd 000 -~ — (136 %1)8A £ smom 308
“TIUEIA08d VONVHIIN NN - /B2 100 T cres
TIIIE TR 4
2von-v-5 TTFR K008 i
n__' G sn . _
2z oNIRY \
AN == H
N\ NN . H
\ N\ H
. 3\ .
"w ;
. - —— TN — —— e o]
o /
> G ET .
-z £O-0v £ —] emIn I/
S R s |/
A

s { iE - ) ]
N T/ T i
i 1 \
AN H \aho..
TV N 0 # T I l«ll./ld'! I T
v 0Nt —14.-‘ g 16’0 ”>en
o orn e e wen
— - ; o~ won |
S H - E L {==1
] BNl wre

15




!
'

i
|

b







General Technology Comoratlon

@ EASE T 000T /T Ot 0EC ) 05t5 GOLE) BT iy
id 3a8uy 0079 00%9 GeSho go9T Tt
ia gasul 000T/T° 9t 00g% 069 - 0¢Lo 899 ot
q 3xsug 0002 Rty 0664 47) é
SUOH{ 000T/LT o6He Ttio oLoL osoL oLg 8
p— o 0649 Gleg 118 L
suof 000T,/T° 9T 0y 059 0299 0689 gLot 3
E T - 0059 om.@ /4ot G
(cury worRoets SUPSAAS | CUE o B [ o W T
=3 TToUS wmw {¥sd} TITYXBH “uy T *ug # ﬂouwmwﬁmm@
IOTTTE | ~Exel sPexsay |aamssely sep| JO sduioay iiriiiyieia =iy TEXeH Lo rooToi Q) puUnoy

() l8 ™




Gensral Technology Corporation

The themal coefficlent of expansion of unidt f£iller D
was not on record at the Avsensl but is estimsted to be approxie
mately 3 10"”") inches per inch per degree centigrade vhen
sveraged over the applicable temperature mngew The shﬁnkage of
the radius of the filler as it solidifled was estimated to be on
the order of .05 inches. ‘

In the teble on page 18 the stwains elba.nd. €, are those
meagured on the interior of the shell. The megnitude of the
straing indicaies that the shell in this vegion waé well intc the
yielding range., The meximum deflections ‘o'f 2016 inches are twice
es great as in the esrlier series of measurements. '

Since the shell deflections are considerebly less than
the estimated shrinksge of the filler, 1% is not believed that the
filler gave support to the deflected shell and this :1é verified by
the messurenents on correspending filled and unxilled' shells.

DESTGN CURVES FOR THICK WALL TUBES WITH RING LOADING

The deterisinotion of the displacement and stress Pield in
& homogeneous, isobropic; elestic, circuler cylindrical tube subject
to axi-symuetric external loading requires the solutior of the
pibarmonic eq‘ua,tion' |

Vﬁvai’ia 0

.19 -
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subject to boundary conditions

5, {z,8) = ofz)

o {xr,8) == ' =
m(:)s’?’gr} o on re=a8a
arr(r,b) = am(r,b) e 0 on Tebd
Here
2. 12 F
4 2 2 €
3¢ r or aza

and cxrr(r,z) and am(r,z) are the radiel and longitudinal
tengential stvess components at & point with cylindrical coordinates
(ryz) and re=8 andr=1b are the éxtieml and internsl surfaces
of the eylinder. In the case of radisl bend loading ofr) is
prescribed end <{r) € 0. ' |

The strass components are -calculsted by
| o

_ 9 3 ¢
e ¥ 32 (w‘?‘q»aara).
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vhaxe v is Polsson's ratio. The solution of the problem {valid
for small deformations) is poss:i,blelg however, it leads to compli-
cated expressions. As a consequence; e siupler method, devised for
moderately thick cylinders, bas baen developed. Tals method is
dezeribad in TR 1-15.

- I% is believed that for cylinders heving thickness m'
eversge redivs retic greater then 1/5 the results of TR 1-15 would
bz adequante for all englneering purposes. Moreover, the thsoxy of
elesticity nethod ocutlined gbove connoct be gpplied Yo eylindrical
skells of finite lengths, while the eimplified method of approsch
can be used for this purpose.

Calovliations made from theoretical resvules are pmsén:t@d
in TR lm.lSe Thres formz of loading vere used: a concentrated ring
load, & wniform pregssure acting on the inﬁmifs left=hand portion
of tha sbxel:!,,, end s uwniform presswre confined to the region E“’%og w@o},

gn the exis of the sheall.

paviter the problen was treated by this method. However, the
results obtained required bheavy computer work and, thervefore, the
solution obtained was shandoned in Pavor of the method of approach
presented in TR 1-15. Watertown Arsenal yeport WAL No. 893/172,
brought to cur atbention vecently, denls with the above epproach.
The solution of & similar problem for a visco-elastic cylinder using
the elasticity method is given in our TR 1-11. Computetion work
carried out ln the Wstertowm Avsepal weport is for shell thicknesses
thet ere thicker than the vengs valild for the enalysis in IR 1-15,
Comparison with the Wetertown Arsenzl report was made by extrspolating
their date to a thinner shell (see Fig. 15, TR 1=15).
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For each type of loading, dimensionless ratios involving
the radizl displacewent and dimensionless fratids involving the
circumferentlizl strain sre plotted ageinst distance along the axis.
In sddition to the graphs, tsbles are also presented vwhlch contain
precise values of strain oy deflections at varicus points,

In 211 caleulations, the following material constants;

pevameters, and defined quantitles were useds

Young's modm,us' Ee=30x 3,06
Shear modulus G=12 x 106
Transverse Shear Constant ks 5/6
Poisson's Retlo v = 0.3
Shell thicl@ess | h

Width of rotating band 23;0

Radius to nliddle surface
of shell a

Longitudinal distance
along shell axis

measured from origin z
285 7L B (b
a@h‘/ a3 - g (G
1 hy 2 _E h.2
bey a~/5(1’“’") * e la
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" Cencentrated Ring load

(2 E
2.73 P

\\gi 0.08 0.1 0.125 0.15 0.175 0.2
9__\

0.00 | 10.225 7.2831 |  5,1837 3,021 |  3.0060 | 2.5208
0.5 8:.3653 | 5,9528 L5000 3.1937 2,516 2,0Lk47
i,o 5,1186 35,6319 2.6588 1..9573 1..5208 1..25318
1.5 2.3860 1.6897 1.2738 0.8965 0.7022 0,5675 .
2,0 0,6768 0,4807 0,3469 0,725568 0.2018 0,163k
2.5 mo°1§76 =0,0927 «0,1149 «0,1597 =0,0315 «0,0236
3.0 =0,14550 =0.3125 -»00501;7' =0.1585 |~ =0,k | -0,0036
3.5 «0.352h | =0.24%0 | -0.2422 | 20,1219 | «0,0017 | «0.0726
4.0 «0,2316 | =0,1601 =0,3624 =0.0792 =0.033k | =0.0463

.23 -
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Uaiform Pressuze (- o < 0 < 0}

-2 1 E ulQ)

e

\§ 0,08 0.1 0.125 0,15 0.175 0.2
9.

=l .0 12.571 10,052 8.0560 6@6991 5,7408 5,022k
«3.0 | 12.7% | 10.215 8,2351 6.8016 5,851 5,0930
2,0 12,770 10,231, 8.2828 6.8053 5,8268 5.0031
=1.0 13142 8.9850 72349 5.9838 5,1270 b 4837

0.0 6.2500 5,0000 11,0000 303533 2.8571 2,5000

1.0 1,558k | 100152 0,7651 0.6829 0.5873 0.5156
2.0 ugag@g =0.2310 =0.2829 =0.1386 «0,1126 =0, 0431,

5.0 «0.2800 | «0,2150 02351 =0,1350 «0,1108 =0,0930

1,0 | <0.0705 | -0.0525 | -0.0559 | 0,034 | -0.0265 -0.022%

- 2k -
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Uniforn Pressure (= 9, <25 ?zo)

h/d = 0.08, ' = 0.07138

- 81 & wio) - Eeyla)

) B Py

0.0 3.5850 0.8618
0.5 2“91.95 0,7018
1.0 1.8070 oohaisl;
1.5 0.8358 0:2009
2.0 0.2381 0.0572
2,5 =0,0470 -0,0113
3.0 «0.1592 -0,038%
3.5 -0.1206 =0,0290
4.0 ~0,0812 =0.0195

© 25
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1 88 2
Qlaa
. 'Qo

Ssmple tebles and curves are shoun on pages 23, 24, 25,
26, 27, end 28.

SIMPLIFIED ANAIYSIS OF TWO-PIECE SEELL

An analysis was made of & two plece shell described in
Picatinny Avsenal drawings AA-38-61 (Base) and A4-3%8-33 {Body, Rear).
This enalysis is reported in TN 1L,

Simplifications were mede in the geometry of the shell in
order to meke it more esmensble to snalysis. The sinplified shell
is shown on page 30. The régiog indicated by Pc represents the
threaded section which Jolns the piecés@ Pg and Pb represent gas
end band pressures respectively. The loadings Pg and Pb on the
cuter section of the shell are tronsmitted through the thresded
section to the inner sectlons |

The genersl procedure followed in the analysié involved
cbtaining solutions for the separate shell pleces and then equating
deflections at the thresded section to obtain a complete soiutiono
Th this menner the value of P, et which yielding would begin vas |
established,

Stresses due %0 band pressure were solved for two cases:

neglecting the base, and including the base. The results are shown

= 29 o
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Ratios of Stress to Bepd Pressure a‘iz Tuside of Ouber Shell

5
o ~Neglecting Bese
L A <Considering Base

“’3:0 : -, mA
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on page 31. In this set of curves the origlo of coordinsies
is st the left-hend edge of the bapd seat.

Stresses in the base dus 40 gas pressure were calculated
for four different conditlons of edge support. In addition, the
effect of Filler support upon the stresses in the base was

congidered and corvespouding calculations made.
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DISCUSSTOW

With the eompletion of the present phese of a Resesrch

and Developuent Study on Stress-Straln Chavacterdstics of Shells

end High Explosives, eonsiderably more insight has been gained
into ‘the behavior of shell-filler systems.

The general plsn of the study has been directed toward
ultinstely giving the shell designer a:o.alytica:i. snd experimanisl
tools which will ensble him to produce rationsl designs.

The anslysis of shells and shell-filler systems is
complicatad by several factors, prineipal smong which ave: the
inzbility to eccurately cbtaln rotating band pressures fxom
thaoretical considerations, the yielding of shell walls ian the
vieinity of the rotating band, the lack of informstion concerning
the dynemic behevior of filler meterials, end the lack of
information concerning the Interactlon between shell end filler,

At the present time the most relisble way of cbisining
bend pressures 1s by measuring gun tube strains ,,‘ Since this
information is alwsys after the fact, i.e., it is not avalileble
before a shell is designed, 1t is highly desirable that further
effort be expended to develop anglytic technigues for deducing
band pressures ésgomiated with particular shell design. This
problem involves cons_:memtion of the gunmbandwshell%filler
system sud, vhile comglicamd, it eppears that & successful
solution can be obtained. |

Yielding probably cecurs in the vieinlty of the
rotating band in most current shell designs and except for
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cases vhere the gsccompenying deformatlion ceuses s malfunction

E.

an ﬁ)ﬁmm@;ly carried device, such yinlding may be conpidered
8 pords of "good" design. However, &t the piesent time the
designer has no idon vhatsosver of the amount of ylelding presant
in bis deslgn. It seems quite ressonsble, on the basis of the
present study, thab this local ylelding could be used to
considershle advantage 1F & rational anslysis were available.
For this reason work wag begun on en enalytic tweatuwent of this
problem. _ _

The effect of straln rabte on filler properties has beew
formulated theovetically v terms of a visco-elastic solid.
Solutions beve bsen obhiained for the ea,&é vhers the f:lli;ér is
not constrained slong iin sviﬁas and for the case of a suddenly
applied wing of pressure, Experimental t&t:hniq,ues have besn
deslgned and iﬁsﬁr&mmﬁs bullt for measuring the m&terial?
properties reguirved in the enalysis. It is not certain, on ths
basis of fiving strain ma&suremems made v i:é the oreszent tiwe,
that £iller behavior is markedly effected (i.e., material
properties merkedly different) during fPiring. However,
experimm{:&}, tecshniguss have nov been davelopad o f:»lie point
vhere this questlion eczn be ans‘érered. and continuvad effort shonld
result in e svccessfol conclusion.

Messurements to determine the interaction betveen shell
end £ilier bave resvlted in the conclusion that even shells
hewing guite thin wells very probsbly receive, in the régio.n

of the voteting band, 1little, if eny; support from & filler;

- 312 L
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In Pact, it is doubitful vwhether in meny designs the shell sctuslly
defliects enough to apply any losd at all to the filler. On the
other hend it secms probable that the bass receives considereble
support Lyom the filler and may, therafore g_be lof,.' conglderable
importence in the desigon of the bose, This effect will recedva
forther study,

One of the luportsut objectives of the present study vas
to estehlish vhether the Avsensl should contract for the congtruce
tion of @ triaxial tester o be used m' connection with filley
materials. It 18 felt that enough :in:fomatio;s. has nov been obminéé
upon which & recommendatlon con be besed, end it is recommended that
such & device not be purchesged. This recommsndation is based on the
following considsvations: 1) the bulk properties obisined from
triexinl) tssts cannot be Incorporated Iu anslysls based izpon the
theory of elastlelty. There is, thersfore; no way of incorporating
in & genewal enalytic procedure, iInforwation obialined in this way.
2) Analytic procedures for the case of a viscoselastic cylindex
accelerated fxom one end ard a visco-elastle cylinder subject to a
ring load have been obtained. An inexpensive pro’mt;ypé of &en
Instrumert for weasuring the viscesilty of f£filler waterisls bhes been
constructed. 3) There is evidence that fillers moy be modelled as
viscao-glagbic eylinders accelsraited £rom 6me end., &) Ex@grimen'::al
tmahniq_ues have besan dgvelop_ad for mezsuring shell strains during
high énc:ce:i,emﬁiom s these technigues maz} be adopted to measuring
filler deformstilon during firing.

- 35 -
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It should be mentloned that txiaxial tests made for the
purpose of investigating the visco-plastic béh&vior of materisis
hewe importent application. However, it would not appeor thals
such & functlion presently would be of grest use to the ovdence

enginger.
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