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ABSTRACT

The buckling analysis of imperfect, thin, circular, cylindrical,
stiffened shell under uniform axial compression, for various boundary con-
ditions is first investigated. A methodology is presented for predicting
critical conditions for such configurations. This methodology is based on
the smeared technique and the von KArmin-Donnell nonlinear kinematic relations
in the presence of geometric imperfections. The computational procedure
employs a Fourier series type of separated solution and through the Galerkin
procedure the field equations are reduced to a system of ordinary differential
equations. These equations are solved by the finite difference scheme.
Numerical results for numerous stiffened and unstiffened configurations are
presented.

Then the effect of initial geometric imperfections on the optimal
stiffened circular cylindrical shell sunder uniform axial compression is
assessed. The imperfection sensitivity of geometries corresponding to values
of the design variables surrounding the optimal configuration is investigated
for two design configurations. A design methodology is proposed through
which one may arrive at the minimum weight configuration in the presence of
geometric imperfections of predetermined maximum amplitude and of a shape

that yields the greatest reduction in the linear theory buckling load.
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Area

Stringer and ring cross-sectional area
Flexural stiffness of the skin

Young's modulus of elasticity

Extensional stiffness of the skin

Stringer and ring eccentricities (positive inward)
Unit end shortening

Stress function

Fourier coefficient of stress function
Stringer-and ring moment of inertia about their
centroidal axes

Number of terms in truncated Fourier Series
Stringer and ring spacings

Mesh point

Total length of the shell

Moment resultants

Number of axial half waves

Stress resultants

Applied compressive load

Classical buckling load
Critical load (limit point)

Number of circumferential full waves
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Number of points in axial direction
Effective transverse shear

Radius of the cylinder

Skin thickness

Total Potential

In-plane displacements

Radial displacement (positive inward)
Radial geometric imperfection
Coordinate system

Batdorf curvature parameter [ = Lz(l-vz)l/z/R.t]
Unknowns vector

Reference surface strains

Reference surface changes in curvature and torsion
Smeared extensional stiffnesses of stringers and
rings

Poisson's ratio

Smeared flexural stiffnesses of stringers and rings
Interval size between mesh point

Derivative with respect to x
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CHAPTER I

INTRODUCTION

Stability of thin circular cylindrical shells (with or without
stiffening), because of its importance, has enjoyed tremendous attention
for the past seventy years. Although a complete understanding of all
the details of the phenomena involved has not yet been reached, it has
been well established that the discrepancy between classical theoretical
predictions and experimental results lies primarily in the fact that the
system is sensitive to geometric imperfections, the presence of which
is unavoidajle.

The imperfection sensitivity of the system was initially established
through strict postbuckling analyses of the perfect geometry system. In
addition, it was explained that, the load carrying capacity of such
systems is directly related to the lowest load corresponding to post-
buckling states of equilibrium. The first theoretical investigation of
this type was reported by von Karman and Tsien1 in 1941. The investigators
calculated postbuckling equilibrium states, for an unstiffened, axially
compressed, thin, circular cylindrical shell, corresponding to loads far
below the classical critical load. The calculations were based on a
number of simplifying assumptions the most important being the neglect of
the effect of the boundary conditions. Many subsequent investigators®
attempted to improve the calculations of von Karman and Tsien in order to
find the smallest postbuckling equilibrium load. This search came to an

end when Hoff, Madsen and Mayers5 found in their calculations that the




minimal postbuckling load tended towards zero with improved functional
representation (taking more and more terms in the series) for the solu-
tion to the governing equations and with diminishing thickness. 1In
addition, Madsen and Hoff6 repeated the investigatioan by employing more
accurate kinematic relations than those of Donnell. The difference
between these results and the previous ones was insignificant. Futher-
more, Koiter7 has shown that the von Karman-Donnell equations are also
applicable to problems with arbitrarily large displacements, when the
function describing the radial displacement is taken to be the curvature
Afunction defined in his paper.

Koiter8 was the first to question the use of the minimal postbuckling
equilibrium load as a measure of the load carrying capacity of the configu-
ration. Instead, he proposes to find the critical load (limit point) of
the imperfect system. Koiter's work is the first attempt to the buckling
analysis of an imperfect shell, but his method is limited to the neighbor-
hood of the classical load and therefore to small imperfections of certain
spatial form. This approach has been adopted by many investigators in-
cluding Hutchinson and Amazigo9 who treated the stringer or ring stiffened
thin cvlindrical shell. Excellent reviews on the subject may be found in
the works of Hofflo, énd Hutchinson and Koiterll.

Many of the postbuckling analyses that are based on Koiter's proposi-
tion (see Ref. 11) disregard the effect of end conditions by assuming that
the cylinder length is extremely large. A systematic experimental investi-

gation dealing with cylinders of various lengths (Ref. 12) revealed that




the postbuckling behavior is strongly influenced by the cylinder length.

e analyzed an unstiffened, thin, circular,

Narasinham and Hoff
cylindrical, imperfect shell of finite length under uniform axial com-
pression. They solve the nonlinear equations by employing a separated
series solution for the dependent variables, each term of which contai‘“k

i A
a function of x multiplied by a cosine term in y (Fourier). Thus the ‘
equations are reduced to a system of ordinary differential equations,
which in turn are solved by the finite difference scheme. Although the
equations are developed for arbitrary terms of Fourier series, the solu-
tion is restricted to just one term for the displacement function. A
similar procedure, but one that employs the "shooting method' (Ref. 15)
instead of the finite difference technique, is employed by Arbocz and
Sochlor16 in their investigation of the buckling behavior of axially
compressed imperfect cylindrical shells.

With the exception of the work of Ref. 9, there is virtually no
reported investigation on the buckling behavior of imperfect stiffened
configurations. The first part of the report presents a methodology for
analyzing the buckling of a uniformly compressed, stiffened (rings and
stringers), thin, circular, cylindrical imperfect shells of finite length
and various boundary conditions. The analysis employs the von Karman-
Donnell large displacement equations and the smeared technique. The
solution procedure is similar to that of Ref. 13 but the limitations on
the spatial character of the imperfection has been relaxed considerably.

Results have been produced for special case geometries that have been

reported in the open literature (bench marks) and for new configurations
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of the stiffened type in both directions.

The latter part of the present report applies this method to the
investigation of the effect of initial geometric imperfections on the ]
optimal (linear theory) stiffened cylinder configuration under uniform

axial compression.




CHAPTER II

MATHEMATICAL FORMUIATION OF THE NONLINEAR BUCKLING ANALYSIS

By employing the von Karman-Donnell kinematic equations for
geometrically imperfect [w®(x,y)] thin cylindrical shells one can easily
derive the compatibility and transverse equilibrium equations in terms
of the radial displacement w and the stress function F, as well as the
expressions for the total potential and the "unit end shortening'. The
procedure employed is similar to that outlined in Ref. 13 for unstiffened,
imperfect thin cylindrical shells.

Consider a geometrically imperfect stiffened cylinder under uniform
axial compression. Let wo(x,y) denote the deviation of the shell mid-
surface (taken to be the reference surface) from the corresponding
perfectly cylindrical one. Let u,v, and w denote the displacements of
material points on the reference surface (see Fig. 1).

The kinematic relations, first proposed by Donnell17 are given below

2 o
= + L +
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The stress and moment resultants to strains and changes in curvature
and torsion are taken from Ref. 18. They were derived by employing the

smeared technique.
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From Eqs. (2) one may derive the following expressions for the
reference surface strains
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By employing the principle of the stationary value of the total potential

one can derive the following equilibrium equations

N + N =0
XX, X XY,y

+ N =0
Xy,Xx YYy,y

N
+ + = _Ly +- '+W + o 1
Mxx,xx ZMxy,xy Myy,yy e [N (w )] [ny(w,xw,x)“y

e (¢]
N o, w0 0), N, )],

By introducing the Airy stress function, as N =E=N + By N = F,
XX XX yy yy XX

ana N =\ =5 where N is the level of the applied uniform axial com-

Xy Xy XX
pression, the first two of Eqs. (5) are identically satisfied.

Next, by eliminating u and v from the first three of Eqs. (1), employ-
ing Eqs. (3), the Airy stress function and the last three of Eqs. (1) one
can derive the compatibility equation in terms of the Airy stress function,
F and the radial displacement, w. If one expresses the third of Eq. (5)
in terms of F and w, the governing equations consist of two coupled par-

tial diiferential equations in F and w. These are:

Equilibrium

-

- A - o 04
DLthJ - qu_F] = F’XX/R o Nxx(w,xx A w:xx) "L[F,W +w ] 0 (6)

Compatibility

Ly(F] + L (W] + Silw,w + 26°] 4w, /R =0 7

where Ld’ Lh’ and Lq are differential operators defined by Lg’
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and L is a differential operator defined by
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The total potential expression, in terms of the Airy stress function and
the radial displacement, is given below
1 B 2 2
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Similarly, the expressions for the average end shortening and "unit

end shortening'" at y = 0 are given by

a 1 2R L
o " nlex * mRL 60 JO [alF’yy + aZF’xx + 8% % o aaw,yy
1 0 1
=5 W (w,x + 2w,x)ddxdy (12a)
X y Lo
0 = ¢ - -0 : + +
€ qlex i )0 \alF’yy 4 azr,xx a3w,xx aaw,yy
1 O
=it w,x (w,x + ZW,X)‘ dx (12b)

Y=o

Note that e measures the amount of end shortening per unit of cylinder
length, L. The associated boundary conditions are either kinematic or

natural (but not both) except for the direction associated with the length

10
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of the cylinder (x) in which case the displacement component u is free
and the stress resultant Nxx must equal to the applied stress resultant,
-ﬁxx' Thus at a boundary characterized by x = 0 or x = L the boundary

conditions are:

Either or
in-plane
N =F, =-N_=-N )
XX vy XX XX u = constant
N =0 v =20
Xy
transverse
Mo =00 w, =0
XX X
=0 0
= w =
Qx

The expressions for the moment resultant, Mxx’ and the effective transverse

*
shear, Qx’ are

= - R +
Mxx Y1¥oxx L YZw-’yy 2 Y3(F’yy Nxx) y4F’xx
(14)
¥ = (F -N ), +wl)+F, (w, +w5)-M - M
Q ’yy XX ’x 2% ‘xys Y y XX % XYY
where
=3
0 S s Ll Sl 3 i Nt B il

The general computer program is written for the following end conditions

(881, CCi,FFi, 1 = 1,2,3,4)

11




§SS: w=M =0 150N i = F, =0
XX Xy b o
CC: w=w, =0 2. F, =0; u=¢
X Xy
. 2 = 3. v=F, =0 (15)
FE: @ =M =0 vy
b v=0, u=¢c¢C

where C is a constant.

The conditions in u and v can be expressed in terms of w and F as
in Ref. 14. For example, the condition u = C in SS -2 can be replaced by
a condition expressed solely in terms of w, wo, F and their gradients.

This is accomplished by the following procedure:

This boundary condition, SS=2, at x = 0 or L given w = 0; F’xy =0,
Mxx =0 and u = C. The first two are in terms of w and F. The third one,
Mxx = 0, from the first of Eqs. (1l4) is expressed in terms of w,F, and

their gradieats. Fcr the last one, one notes that [see Eqs. (1) and 3)]

1, o o
- + + = -
L 3 [us +vs + W P Aw + w,xw,y] F,xy/(l_v)EXX
P

(16)
since F’xy = 0, w,y = 0 because w(0,y) = 0, and u,y = 0 because u(0,y) = C,
Eq. (16) becomes

v, +w,wS =0 (17)

Similarly, from Eqs. (1) and (3) one may write

1 o \
= ey T El Yoy > iy
€yy v . z[w y(w 3 2w y)] 8

(18)
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+
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=

I
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=

This equation, Eq. (18), is valid at any point along the shell, there-

12




fore differentiation with respect to x does not violate its validity.
If this is done and if the N's and k's are expressed in terms of w, F,

and their gradients, one may write
w

v e [w w, +2wd ) +w, Slag g
’yx 2 ’xy )y ,y ’y ’xy ’Xy R
(19)
= & + +
QZF’yyx 5 bZF’xxx b3w’xxx baw’yyx
Evaluation of Eq. (19) at x = 0 or L, and use of the fact that
w,y (0,y) = 0 yields
o
+ = = +
v,yx w’xyw’y w’x/R aZF’yyx b2F,xxy + b3w’xxx + baw’yyx (20)
Differentiation of Eq. (17) with respect to y, yields
V,_ W, We +w,w; =0 (21)
"Xy xy 'y =y

Substitution of Eq. (21) into Eq. (20) yields a boundary condition equi-
valent to u = C, or

1 0
+ + - =
bZF’xxx e b3w’xxx baw,yyx W’X(R i w’yy) - el

Similar steps may be followed to express all possible boundary conditions
in terms of w, F, and their gradients. In order to save space only the
final expression for all possible boundary conditions, Eqs. (15), are
given below, which have been incorporated into the computer program (see

Appendix B)

SS-1 w VIW’XX = ‘YQF’XX *xy =1 vy =0
- 4 / N + =
832 W Y1¥rxx VB\F’yy Nxx) Y.AF’xx F’xy i
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the symmetry and antisymmetry conditions
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— o =
F’xy = bZF’xxx + b3w’xxx + w, w, 0
(23d)
Antisymmetry (w = M =it = R = 0)
XX vy
L Y1¥ ok = YAF’xx 4

The problem, as formulated herein, is to find the limit point which
represents the buckling load for the imperfect configuration. This implies
to solve the field equations, Eqs. (6) and (7), subject to the proper
boundary conditions for a given imperfection and level of the applied load
(small initially), -ﬁxx’ and thus obtain the corresponding amount of "unit
end shortening', Eq. (12b). By plotting ﬁxx versus e one can obtain the

limit point (theoretically).
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CHAPTER III
SOLUTION METHODOLOGY; NONLINFAR BUCKLING ANALYSIS

By employing the von Karman-Donnell kinematic relations the field
equations consist of two coupled, nonlinear, partial differential equa-
tions in terms of the transverse displacement, w, and the Airy stress
function, F. The procedure employed herein for accomplishing a solution
is basically similar to that of Refs. 13 and 14. The system of partial
differential equations is reduced to a system of ordinary differential
equations by using a separated solution (Fourier series) of the following

form (see Refs. 13 and 14).

K £
= 20y
w(x,y) iEo Wi (x) cos R
oK in
Flxsy) =3 £y () eos = (24)
o 5 o iny
w (X,y) = T W, (x) cos
i=0 * 5

Note that W?(x) denotes the known coefficient of the ith component of the
geometric imperfection, and n is the parameter associated with the number
of full waves around the circumference.

By substituting Eqs. (24) into Eq. (7), employing trigonometric
identities of double Fourier series as in Ref. 19 involving products and
the orthogonality of the trigonometric functions, the compatibility equa-

tion becomes

16
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Next, if Eqs. (24) are substituted into the equilibrium equation, Eq. (6),
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and the Galerkin procedure is employed (cos N is the weighting function

i=1,2,...K), the vanishing of the (K+1) Galerkin integrals leads to the

following system of (K+1) ordinary differential equations
for 1 = 0
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r 2 & . 2. N 10790
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For a given value of the applied load, ﬁxx’ and imperfection, Eqs. (25)
and (26) represent a system of (3K + 2) coupled nonlinear differential
equations in (3K + 2) unknowns, fi i =0,1,2,....2K and wi U= Ll B S
These equations denote equilibrium and compatibility conditions. Similarly,

, average end shortening, e

the expressions for the total potential, U AV

T

and "unit end shortening', e, become
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Finally, the appropriate boundary conditions are expressed in terms

of W,_, w?, and fi. Note that, because of the character of the nonlinear

X

differential field equations, Eqs. (6) and (7), by setting n = 0 one

obtains the linearized version of equilibrium and compatibility. Further-

more, it is easily seen from Eqs. (24) that n =

mode since the summation on i starts from zero.

1 includes the axisymmetric

In addition, it is seen

from the Fourier series representation of the imperfection that this

20




expression is suitable for the case when the imperfection is of the same
shape as the buckling mode, 6as well as for any arbitrary symmetric (with
respect to y) imperfection shape. In this latter case, in order to obtain
a solution it is necessary to let n = 1 (in the series representation

for Wo) and take K large enough for an accurate representation of the
imperfection and for achieving a convergent solution. By employing Eq. (24)
the expressions for the various boundary, symmetry and antisymmetry condi-

tions become, Eqs. (23),
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The solution procedure employed is described below.

A generalization of Newton's method (Refs. 20 and 21), applicable to
differential equations, is employed to reduce the nonlinear field equations,
Eqs. (25) and (26), and appropriate boundary conditions to a sequence of
linear systems. In this method, the iteration equations are derived by
assuming that the solution is achieved by a small correction to an
approximate solution (initially taken as the linear solution). These
small corrections are obtained through the solution of the linearized
(with respect to the corrections) differential equations.

The linearized differential equations are written in matrix form as
follows:

Field equations

IR] 127} = [s] {2°) + [1] {2} = {g] (30)
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Boundary Conditions
(8] fz'} + [T] {z} = {g} (31)
where {Z} is the vector of the 6K + 2 unknowns.
{z}T = {wo,wl,...wK,fl,fz,...fzx, wg,w". Wit £ EY .ng} (32)

bl Gl [ e

Note that fO has been eliminated in a manner:similar to that of
Refs. 13 and 1l4.

These ordinary differential equations are cast into the form of finite
difference equations, and the system of ordinary equations, Eqs. (30) and
(31), are changed into a system of linear algebraic equations. The usual

central difference formula is used at all mesh points, i.e.

' = - /
By = Mgy = By HAD

(33)

2
By~ gt Bpgli

ZZ = (
Note that the second derivatives in wi and fi are taken as independent
elements of the vector of the unknowns, therefore the second of Eqs. (33)
applied only to fourth derivatives of W, qnd f . By using one fictitious
point on each side of the cylinder ends one obtains a system of (6K + 2) X
(NP + 2) difference equations (NP - number of mesh points).

These equations are:

(€. 2.3 + (8,3 {2} +[&] {2} =&,
e fz, 3+ B Mz} +[adfz, ;) =g, £=1,2,...,NP

[Cyp) f2ypgd + [Bypd f2yp) + [AG] {Z24p) = By (34)
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where {ZO} and {ZNP+1} are unknown vectors at the (wo fictitious points,

and the matrices in Eqs. (34) are given by

[e,d = - ElK (50 ¢ [yl = 21A (Syp?

(8,0 = (8] 5 [Bypl = [Tp]

(4,1 - ﬁ (5,05 [Ag) = Z—IA (S

lc,] = A—lz [®,] - 5 [s,]

(8] =--f2—[§£3 + 1] £=1,2,...,NP
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This system is solved by the special algorithm which is reported in Ref. 22.

When the load parameter is at a limit point a unique solution does
not exist (the system becomes singular) and thus the solution does not
converge. Therefore, the solution procedure goes as follows: first,

the system of equations is solved for a small level of the applied load

(say 20% of the classical buckling load), then a multiple of this sclution

is used for a small increase in the load parameter until the process fails

to converge. The load level at which the solution fails t; converge is
taken to be the critical load. Note that, when approaching the limit
load, if the increment in the load value is large enough so as to place
the systems at equilibrium far beyond the limit point, the system in some

cases, does converge. In this case, since the interest is in the limit

point value only, one can check the sign of the determinant of the coeffi-

cients of the unknown vector. If the sign changes, by taking a large
increment in the load level, one must decrease the increment and proceed
with the solution. Large increments are used in the procedure in order
to save computer time. Because of the use of large increments and since,
in some cases, the solution converged at both consecutive steps the
criterion of the change in the determinant sign is employed to establish
the existence of a critical point within the range of these consecutive
steps. At each level of the load for which the sytem is solved, the
value of the number of full circumferential waves is needed. Different
values of n are used to obtain a solution, and the one that minimizes
the total potential, Eq. (27), is taken as the correct one (see Refs. 13

and 14). Numerical integration is used to find the total potential.

2.0




The number of n values to be tried at every increment of the load is
small, since the circumferential mode does not vary significantly with
small increases in the load, ﬁxx' The end shortenings at each level

of the applied load are also computed through numerical integration.
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Chapter IV

APPLICATIONS AND DISCUSSION

The mathematical formulation and the method of solution for the
buckling analysis of imperfect, thin, circular, stiffened cylindrical
shells under uniform axial compression is presented in Chapters II and III.
The methodology is demonstrated through a number of illustrative examples.
Numerical solutions are obtained by employing the Georgia Tech high speed
digital computer CDC-CYBER 70, Model 74-28. A general program is written
(see Appendix B) which includes the following desirable features: (a)
it is applicable to stiffened (in either or both directions) geometries
as well as unstiffened; (b) it accomodates all possible boundary condi-
tions (SS,CC,FF, etc.), and it can easily be modified to accomodate elastic
end restraints; (c) the number of Fourier terms (K) can be as large as
desired. The same holds true for the number of points (NP) in the
finite difference scheme; (d) the geometric imperfection can be axisym-
metric as well as an arbitrary symmetric (w.r.t. y) one. The program
can easily be modified to include other destabilizing loading conditions
such as pressure and torsion,

Although the program is highly dimensional because of the number of
Fourier terms, number of points and number of required iterations, the
solution is obtained with reasonable CPU time. For example, by using
K = 1 (one-term) and 65 points (536 unknowns) it requires four seconds to
complete one iteration; for the same but K = 2 it requires 15 seconds.
For a convergent solution to be obtained at low levels of the applied

load two iterations are sufficient. At load levels approaching the limit
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point six iterations are needed (convergence: percent difference < 10 ).

The numerical results for all the illustrative examples are presented
in tabular form in Table 1. A number of these examples are taken from
the open literature in order to check the present solution. In addition,
new results are generated and the discussion of both is given below. In
this table, for each example considered, the buckling load (see columns

of Nxx and &xx /Nxx ) is bracketed between two numbers (denoting the
cr er cf

desired accuracy). The first number denotes the highest level of the load

for which a convergent solution is obtained and the second number a level

higher than the limit point (according to criterion discussed herein).

In all examples, the imperfection is taken to be symmetric with respect

to x = L/2 and therefore the response is taken to be symmetric. Thus

only half of the cylinder is analyzed by employing the appropriate symme-

tric conditions at x = L/2. The examples can broadly be classified in

one of the following four categories: (a) unstiffened (Examples 1-5);

(b) stringer-stiffened (Examples 6-9); (c) ring-stiffened (Examples 10

and 11); and (d) ring- and stringer-stiffened (Examples 12-21). In each

of the four categories, at least one case was calculated for two different

truncated Fourier series (K = 1 and K = 2) and for two different number

of points (NP = 35 and NP = 65) in order to check the effect of these

two parameters on the convergence of the solution.

(a) Unstiffened (Examples 1-5). This geometry is taken from Ref. 16.

Only Example 3 is reported in Ref. 16 and the results are in very good

agreement. Examples 1, 2, 4 and 5 are considered in order to assess the

effect of boundary conditions for this type of an imperfection (see Table
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1). It is seen from the results that the effect of in-plane boundary
conditions is significant for the simply supported case and insignificant
for the clamped case. 1In Example 2, because of the u = C in-plane boun-
dary condition, the criterion used for finding ﬁxx is that the deter-
minant (see Chapter 3) goes to zero. It can be se:; from Fig. 2 that

as the sign of the determinant changes the radial mode of deformation
changes. The calculations for this case were based on K = 1 and 65 grid

points in the axial direction (for half the cylinder length).

(b) Stringer-stiffened (Examples 6-9). The geometry for these examples

is taken from Ref. 9 and referred to, in it, as heavy stringers. The
present results are in very good agreement with those of Ref. 9. Examples
6 and 7 correspond to Z = 95.4 with external stringers and the imperfec-
tion shape is virtually axisymmetric in Example 6, and symmetric in
fixample 7. The axisymmetric imperfection yields greater reduction than
the symmetric one. Note that, for this case, the perfect geometry
buckles axisymmetrically. Examples 8 and 9 correspond to Z = 394 with
external and interunal stringers respectively and an imperfection which

is primarily axisymmetric. From these examples one can conclude (as in
Ref. 9) that imperfection sensitivity is greatly affected by the curva-
ture parameter Z, and that externally stiffened configurations are much
more sensitive to geometric imperfections than internally stiffened ones.
These cases were analyzed with 35 and 65 grid points in the axial direc-
tion for half the cylinder length. From these computations one can see
(for a typical case, see Tables 2 and 3), that the critical load and the

response (w,F) for each n are almost the same regardless of the number
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of points.

(c) Ring-stiffened (Examples 10 and 11). This geometry is also taken

from Ref. 9, and it corresponds to light ring-stiffened cylinders with Z
= 394 and external and internal positioning of the rings respectively.
Although the numerical results of the present analysis are in good agree-
ment with those of Ref. 9, t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>