AD-777 666

RADIAL PRESSURE ON A GUN LAUNCHED MOTOR
CASE DUE TO SLUMPING PROPELLANT

David Salinas, et al

Naval Postgraduate School
Monterey, California

March 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




NAVAL POSTGRADUATE SCHOOL
Monterey, California

Rear Admiral Mason Freeman
Superintendent

The work reported herein was
China Lake, California.

Jack k. Borsting
Provost

supported by the Naval Weapons Center,

Reproduction of all or part of this report is authorized.

This report was prepared by:

Qoand jgedh;n;nnf

it foy

David Salinas, Assistant Professor
of Mechanical Engineering

Reviewed by:

Eex

Robert E.'Ball, Associate Professor
of Aeronautical Engineering

Released by:

R. W. Bell, Chafrman
Department of Aeronautics

T

Robert H. Nunn, Chairman

Department of Mechanical Engineering

Ad
SN

18} HOISS323Y

2.8

G30ni0n7NA

TTTORGHYTHLSAr

g

WIT S %/30E NYAY
S H

a
O
P = MR

$3000 ALITIEYTIVAY/NOILRSINISIO
Uit

lqgr¥u- V\kj%¥;£,c~&£xl

Johnq‘. Wozencraft
Dean of Research




T ——— T —— g 3

_LINCI ASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)
REPORT DOCUMENTATION PAGE pEroAD INSTRUCTIONS

LT.'WW 2. GOVT ACCESSION NOJ 3. RECIP|ENT'S CATALOG NUMBER
| NPS-597¢7403] AD 777 666
4. TITLE (en.: Subtitle) S. TYPE OF REPORT & PERIOD COVEREO

RADIAL PRESSURE ON A GUN LAUNCHED Interim Report for Period

MOTOR CASE DUE TO SLUMPING FROPELLANT July 1973 - September 1973

6. PERFORMING ORG. REPORT NUMBER

7. AUTHCR(s) 5. CONTRACT OR GRANT NUMBER(®)
David Salinas and
Robert E. Ball

% PERFORMING ORGANIZATIGN NAME AND ADDRESS 0. FROCRAM ELEMENT. PROJECT, TASK
Naval Postgraduate School 4
| Monterey, California 93940 Code 59Zc Work Request No. 2-3128
11. CONTROLLING OFFICE NAME ANO AOORESS 12. REPORT CATE
Naval Weapons Center, China Lake, 22 Ma
California 93555 ’ 1. nwa:sllrlpgzcts
* T4, MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) ls.33secum1'v CLASS. (of thie report)
UNCLASSIFIED

isa, DECLASSIFICATION/ OOWNGRAOING
SCHEDULE

6. DISTRIBUTION STATEMENT (of thia Repert)

Approved for public release; distribution unlimited.

. DISTRIBUTION STATEMENT (of the abetraci entered in Block 20, if different from Report)

g
S

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aids if neceseary and identify by biock niumber)

Sgringfield VA 22151
20. ADSTRACT (Coniinue on reverse eide if necoseary and identify by block number)

An investigation was undertaken to determine the radial pressure

due to the slumping propellant in a gun-launched.rocket motor case
F- subject to high axial g loading during launch. Using 2 Rayleigh-
Ritz formulation an approximate solution was obtained.

P Propellant Repraured by
i Gur-launched rocket NATIONAL TECHNICAL
Stress analysis INFORMATION SERVICE
I S Departrient of Commerce

_

DD :52:';: 1473 EOITION OF 1 NOV 68 1S OBSOLETE

$/N 0102-014- 6601 | ' UNCLASSIFIED

1 SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntered)




TABLE OF CONTENTS

NOTATION . . . . . . .« ..
INTRODUCTION . . . . . . . .
ANALYSIS . . . . ¢ o o v o
RESULTS AND DISCUSSION . . .
CONCLUSIONS . . . . .« . .
REFERENCES . . . . . & B
COMPUTER PROGRAM LISTING . .

e

ii B




g

maximum rigid body acceleration of' the projectile

coefficients of egs. (21) from Rayleigh-Ritz method

NOTATION
4
A, B material constants, eq. (8)
Ci constants due to body forces
e dilatation
€ rpi€y0800 normal strain components
E Young's modulus of elasticity
fz body force in the z direction
Fij
G shear modilus
L length of propellant
Ts Py T radius, inner radius, outer radius
T total potential energy
u displacement along r axis
U elastic strain energy
y potential energy of external forces
W displacement along z axis
asBsYs8,sn,sr,E.L Rayleigh Ritz undetermined coefficients
Yrz shear strain component
p weight per unit volume
9,29%m*%g0 normal stress components
Tpz shear stress component
iii
e l—




INTRODUCT ION

The launch phase of a gun-launched rocket is assoc’ated with high

acceleration loading of up to 10,000 g. As a result of the high accel-
eration the motor case portion of the rocket, which contains the
propellant, is subjected to axial and lateral loads. The lateral loads
are associated with the deformation of the contained propellant. This
"slumping propeilant” behavior is the concern of the present investi-

gation.




ANALYSIS

The propellant-motor case system may be idealized as a two-dimensional

system because of axial symmetry. With cylindrical coordinates, r and z,

a typical section is shown below.

u = displacement in the r direction
w = displacement in the z direction

ri= inside radius of propellant

ro= outside radius of propellant

L = length of propellant

The particular problem of the unbonded

propellant is considered here. The
3 oo : stiff motor case shell is assumed to
o o 5 completely restrain axial displacement
|- i ! at the aft end (r,0) as well as radial
aft 0 Fﬁ¥a> s

displacement along the outer radius
(ros2) with the resultant boundary conditions,

wir, 0) =0 1.,(r,0) = 0 (1a)

u(rgsz) = 0 Tpz(rgs2) = 0 (1b)
The remaining sides (r, L) and (ri,z) are stress free, that is

oz(r.L) =0 rrz(r,L) =0 (1c)

°r(ri’z) =0 rrz(ri.z) = (1d)

The acceleration of the propellant subjects every particle to the body

force

f, = -2y (2)
where p is the weight/unit volume, and a is the maximum acceleration

in g's.




A solution to the problem is obtained by the Rayleigh-Ritz method.

According to this method, an approximate solution satisfying the displace-
ment boundary conditions is formed. The unknown coefficients of the solution
0 are determined by minimizing the total potential energy of the system.
Here the displacement fields
u(r,z) = (L-z)(a + 8r + yr2 + sr?) = (L-z)f(r) (3)
‘w(r.z) = z(L - %0(n +ar +er2 4 grd) = z(L - %Jg(r)

are assumed. The linear z term in the u displacement and the quadratic z
term in the w displacement were chosen to satisfy the following conditions:
i) Resuits from the Rohm and Haas finite element solution,
ref. 1, Appendix B, for the accelerated, unbonded propellant
show ¢_ and o, to be linear functions of z. Note that Equations (3)

r
give this condition, 1.e.

' % * I3 Ez[ﬂ”’\r )}’ B [af ”’{ * 9(')} ](" 2)
< _E |av U, u\, E af f(r) 1
% 1v2[az +u(ar * r)] [ [9 +'u{ar Yy f}(t'z)
i1) The propellant is assumed to be nearly incompressible, and thus
linearly varying compression along thz z coordinate causes the pro-
{ pellant to move towards the centerline since it is restrained by the

case from moving outward, i.e. u < 0 for all z,and u = 0 for z = L,

This assumed displacement field is not valid for the bonded propellant.

ﬁ
e
* The equation for w satisfies the displacement boundary condition w(r,0) = 0.
‘ The displacement boundary condition, u(ro,z) = 0 is satisfied by setting
2 3
a = -Bro - yry - ér, (4)
F— The total potential energy of the system, T, resulting from the displace-

ment fields given by equations (3) must be formad. Denoting the elastic strain

energy as U and the potential energy of external forces as V, we have

T=U+V (5) ~
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Determination of the elastic strain energy U proceeds as follows.

According to the strain-displacement relations

er=jﬁ=(L-Z)(B+Zyr+ 3sr )

2
e =%=(L-z)(%+svyr+sr)

6

- 2 3
e.=—=(L-2)(n+tAr+ir +zr) (6)
2z a2z

U , W 2 3

e o +
Yez = 5z Gy o ® BT £ yr +3r )

t

s2(5 - 2000 + 260 + 3r)
and the s*ress-strain relations,
o, = HAe + Ble, + e;)
o, = MAe, +Ble +e) (7)

a, = Aez + B(er + ee)

2
Ty = OYp,
where
{ 1-v)E
| R e
| : . (8)
Vv
B 1= + v - 2v
and
E
§= e 2

-’




Substituting equations (6) into (7) yields stress-displacement

equations. The elastic strain energy of the system is given by

=1 =1
U 5 IJI % eij dv 7 JJI (orer toge, toe oy rz‘ 4V (10)

where the integration is over the volume of the propellant. The
independence with the 8 coordinate gives

) r dr dz (1)

T3

+ + +
II (o8, + ogeg + 08, + 1 v,
Fo ©

For convenience, lat

[ [
Ua = q ] oe.r dr dz
rP
Ub = g ] g8y T dr dz (12)

then

[ =
"

Ua Tl ¥ U+ Ud (13)

Substituting the stress-displacement, and strain displacement relations

into equation (12), and integrating, we obtain




L, = 1'%; [A{%p‘t%f‘n%%_:‘n% %pt‘/ts&p %ﬂ&n‘
#2352
+B{°t,6/t + -":(ﬂn +A 1 +aTo) + "}(a,sr
+2¥q +3de +/9>\)+"~ (458 +ax* +3dq
+aTA *P€) + A s (5884384 8¢

(14)
2%
+APg ) + A A (36 +38s +a.re;)+%3;;ﬂ}

R

,l .

LY

u = 1'51 [A {«*dnn +2upn + ’{(p‘q—uﬂ
+%’(a«8+zpr)+l.$(v‘+a,as)
+ 238° 4 &0
;B{A(aq+«ﬁ)+ L (au®+Qn+pB L4+ oh)
+II.3(3=(J+3,QK‘ +¥N +AA +ag)
+i:(4,es+ .18"+8v1+1‘)« +p§+d€) (15)

i %’ (5¥§ +SN+¥§ 495 )+2%(35*+ S5+ 7g)

Re
+8¢& &;}]

E n
[A{.“i N+ 39\ 2+ %‘(A"-puls)-.. ’_;_‘(zn, +a1g)
n® (g2 ? a8
+L(g'+arzg)+ 3 sz’ ‘—’,L}

L’ -
U ==
C

————

L 43‘«@ + 1"(apq+«)‘) + "3(3 TR I8N +ng)
| (48vl+3n+ap§+o¢c)+l\ (43X +38‘§
| +285) + 2 At (48;+31‘c)... 4z ]] (16)
g
6

r—-




4 5
Uy = 76 [L J,:e('a"+§" «Bn> + %— (pr+axv) + 3 (aus
+2¥8)+ Ltpsnt+ —;-25‘6'117}
L flarn®+ A2 n?
“.1{2.‘*'\“ +_2_ (ETRY )Y = (3«:2' +28§
+¥) + L (3pgravg +2)+ L (avg
7
) +a§S)+3’-£§A }
L 22 3 nt (g2 30g)+ R g 0’
SRR LIARE TLURTAICEE ELI RS L Lo
cge]
n.

A

The potential energy of external forces V, associated with the inertia

body force f, given by equation (2) is,

V=-”Ifz‘de=-2nIIpam‘w’rdrdz (18)

Substituting the expression for w from equation (3) into equation
(18) yields
3 To

2 3 4 5
V=-%pam'[nr +% Ar +%£r +% cr ] (19)
r
i

The total potential energy of the system is obtained as

T=Ua+ub+uc+ud+v (20)




The thec.em of minimum potential energy states that equilibrium is
associated with a minimum of T. Here T is a function of the

independent parameters B»Ys8,n,€ and ;. The minimum of T is obtained by
taking the partial derivative of T with respect to each of these seven
coefficients. This yields the system of 7 linear algebraic equations

in 7 unknowns,

pre
Fl!Flz -ot--oFl?B

le Fzz ...... Fz? Y CZ (2])

———
-
N
:
-~

A .
. £
F21 Faa Faql| © C-;J
- i | G

The explicit expressions for the Fi j and (:i (ii j" 1, 7) coefficients

are

+B{-u}-u}} +36{Lat-n2d tanl-Lat )

4
)

F(,2) = A{-n:-anf +ANG A, + A4 A5 +and L, ] }
o3 2 3 o 3 s S _a3.2
+B{ zn,: 1:'”* 1-::\:/1‘- ani}+ A E RN
&
*% ﬂ,/li +e 'gno"l$ - % /4‘-'}

F(,0) = F(),2)




———

F(1,3) =F(31)= A{'/l -“n +an.a +7~A1¢ +:m*.b\_g}

+B -:M,+an. --:un f-zn A, }
at-ata? 3
+36/L.{f -Ag A+ gn,n + n,n 3-1;}

F(L14)=F(4,) =B {-.u} san ;Y

F(ys)=F(s = By 4 (ng-a] ol )
..a@il-a.a,uincfg- A}

F(L,0)=F(e1)= B{J-n + 3R e ‘}
-26{":'/1:+%ﬂ.4;~%n:}

35,1, 2%- 4,5
F(,7)=F(71) = B{,o Ry + T AR5 %n‘}
-26{-33:01!?, + %Il..’}f- .%.Rf}

4
F(a,2) = A{--'in.-_%& +2A, A"+an*ﬁmh
+B{-203 4 4l nl-2 22}
4 .
+3%{-§-n:~n:n;‘+n:nl--‘sn}

— s 3 . ndo Sg A
F(as)= F(32)=A "-'sin:- ‘s—*n‘- +§-n:n‘- + I +an] jmn_:’}
S
+ B{-u.’ +2a3 A} ranial-anl}
"‘36{17“0"0’1 +1a0 0] +°‘Il::’€f ’“’l}

F(a4) = F(42) = Bl~anl+ anin,}

4
Fa9) =Fsa) = B{E(ad-a0)-n +ga3

4 .
-16{-}‘11, +1ag A3 -4 }

R L
Al o g T A M— -_Em—-"‘
=




——

s
Fla,¢)=F(e2)= Bi%ﬂf +2alai- 2 }
-26 --R. 3:1‘4:-%&‘;}

F(a,7)= F(72) = B{2a¢ + Ll al-n] ‘1
~ae{-1 1 +.‘n,n‘--}inf}

l'(33)-— A{lno—lgll + < n3R3 f’lﬂ:h%!'}
+B{—1n.-:m 4-4-!!, 3} E
+3_§{-La.-—n RS +4n°;z -1at }

F(3‘4-)=F(4;3)= B {-a.n:+.1n3 ll_;}

Fl35) =F(53) = B{%(n:- ?)-—af +nd a2}
-6 -%Af J-n, -1 }

F(3e)= F(ca)-B{3Ao+%n3 - 4al]

-26{-—4 + 2000~ ]

=B{2 7 .+ 3% n’

F(3.7)-F(7;3)' {.4./“ t21le 1‘3 i}
- .9 p?7 .33 *=3an!
16{ T Ry + 205 A z ‘}

F(44)= A {ﬂz"‘flf}
c(45)= Flse)= A2 (a3-ab)}

F(46) =F(ce)= A3 (A:-/L?)}

10




F(47)=F(74) = AlE (a0 -aD)}

Fiss) = Als (-} + 60 (22-a2))
F(50=F(6s) = A2(ni-20 ) +6{E(n3-22)}
F(s,7) =F(z8) = AL (n8- 2]+ 6L {F (1= 2)]
F(e,0)= A3 (-2} rer* {3 (a2 -a23}
F(,7)=F(76)= A{f—,‘-(n}—-n})}+6l."{’i‘_;(ﬂf‘ﬂf)}

F(7,7) = A{$(a8-2D)}+ 6L { & (a0-aD)}

C|=cz"c3=°

Ca=-pon (A5-17)  Cg=-apa,, (n3-23)/3,

Ce= - PUm (A= A1)/2. Co=-2p0m(2f-2%) /5.

A computer program was used to obtain the solution of the problem. A
large number of problemswere solved for various values of the physical
parameters, Pis Tor L and s and the propellant properties v and

] E. A listing of the program is given in Appendix A.

DISCUSSION OF RESULTS
e It has been noted by other investigators that numerical difficulties

arise in the analysis of propellants when Poisson's ratio approaches 0.5

n




———

(ref. 2). To circumvent this difficulty Hermann (ref. 3) gives a

special variational theorem for nearly incompressible materials.

In

tile present investigation the numerical problem was overcome by using

a COC 6600 computer with double precision. This results in approxi-

mately 32 significant digits, sufficient fo: Poisson's ratio to

0.4999999.

A study was conducted on the affect of Poisson's ratio on the
propellant stress for a propellant with 1.5 inch outer radius, 0.5
inch inner radius, 9.5 inch length, 50G,000 psi Young's modulus and ap
equal to 8000 g. Poisson's ratio was varied between 0.45 and 0.4999999.

The computer program results for o, at the propellant-Case interface at

the base are given in Table 1.

Table 1

v or(psi) Av Ao
.45 -1589

.48 -1691 .03 -112
.49 =177 .01 - 80
.499 -2513 .004 -616
.4999  -3744 . .0009 -1231
.49999  -4469 .0009 -725
.499999 -4613 .00009 -144
.4999999 -4630 .000009 - 27

12

.3
-2.0 x 10
b
-8.9 x 10
_b4
-2.1 x 10
.5
-2.8 x 10
.6
-4,0 x 10
_7
-4.8 x 10
.8
-5.0 x 10
.9
-5.0 x 10
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Figures 1 through 3 are curves showing these results; the first

figure being a direct plot of stress o, versus Poisson's ratio v.

Figures 2 and 3 show more clearly that the stress approaches a finite
val.e of -4650 psi as Poisson's ratio approaches 0.5. In Figure 4 the
dilatation e = e, te te
Poisson's ratio. The resulting curve verifies that the incompres-

,yatr = ry and z = 0 is plotted against

sibility condition e approaches zero as v approaches 1/2 is satisfied.
In addition to the study on the effect of Poisson's ratio on

propellant behavior, analyses were made to determine the effect of

other parameters to behavior. The results obtained show that the

v radial stress varies linearly with respect to acceleration, radii,

k g

length and Young's modulus of elasticity.
The results of this analysis were compared with two other sources;
a Robm: and Haas finite element analysis (ref. 3), and an exact

solution for an incompressible material with zero interici radius.

The present formulation resulted in a 20 percent higher radial stress
than the finite element program, and 2 percent higher than the exact

solution, at the propellant-case interface at the base.

CONCLUSIONS
} A computer program was developed for the determination of the

' stress distributian due to a slumping propellant contained within a
launched rigid motor case. The program was initially incorporated
into the SATANS finite difference program for the calculation of the
elastic static buckling load of the motor case subjected to high
acceleration loading. The stiffening of the motor case, which is
predicted by theory, was obtained in tne SATANS analysis; a favorable

structural response.

{ 17




An unfavorable effect on structural integrity is associated with
the additional contribution to yield from the propellant radial stress.
For a motor case of 2.5 inch outer radius, zero inner radius, 1/8 inch
thickness, 20 inch length, and a maximum acceleration of 8,000 g,
the radial stress of approximately 10,000 psi gives a hoop stress of
100,000 psi. The contribution to yield of this stress component is
of significant magnitude. That is, the propellant has a beneficial
buckling stiffening effect but an adverse affect on yield.

The present analysis is based on the linear elastic theory of
solids and, therefore, the results are not valid beyond the initial
yield point of the propellant. Because it is difficult to obtain the
material properties of propellants (Young's modulus, Poisson’s ratio,
and initial yield), definite assertions regarding the structural
integrity of the pr¢yellant are not given here; however, the stress
results obtained in some of the analyses show that additional study

regarding this concern may be warranted.

18
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