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Summary

In a stress analysis of a cathode ray tube (CRT), it is important  to consider the performance of the
design under two loading conditions;  the vacuum loading  and the load applied by a pretensioned
metal  band around the tube.  The stress analysis may be done using either the Finite Element
Method (FEM) or the Boundary Element  Method (BEM). IVith both techniques it is important to
examine the convergence properties of the solution when the mathematical  model is improved
This gives a better idea of the true solution as well as giving information  about the required mesh
density for fiture models.

This study describes a comparison of the convergence properties of the solutions obtained for
CRT as both FEM and BEM models are refined, giving recolllr]lelldatiolls  for required mesh
densities.

The study also considers the modeling times which were found to be needed to undertake the
convergence studies,  as this is an important factor in an industrial design analysis environment.
The BEM modeling times were shown to be dramatically  faster, particularly for the rerneshing
stage in the convergence study.

Introduction

With the potentially lethal consequences of a rapid implosive  failure of a CRT in a home television
it is essential that a detailed stress analysis of the component  be performed at the design stage.
Such an analysis will need to consider two major contributors to the stress and displacement
profiles experienced by the product under normal operating conditions.  Firstly,  because the in[e-
rior of a CRT is a vacuum,  the atmospheric pressui-e acting on the ~>u[side of the tube will  tend to
compress it and will induce a state of stress. Secondly,  a pretensioned,  metallic  “shrink-band”  is



applied to the outside of the tube, inducing a state ofs(ress lvhich acts to prevent a potentially
dangerous implosive failure under impactl. The shrink band also induces a state of stress anti
displacement which must be calculated accurately The suitability ofa cathode ray tube design is
largely determined by two parameters - the maximunl  principal stress and the ‘doming’  - ~vhich aIe
obtained from a stress analysis considering these two types of loading conditio]l.  The maxin~um
pr!ncipal  stress is compared against known maximum  permissible stress values, with a substantial
factor of safety of3. The doming measures the displacement of the face panel of the CRT, and
must fit within known guidelines to minimize distortion of the images  displayed on the screen

Techniques for the static stress analysis of engineering components have developed rapidly o~er
the last few years, and today the two major alternatives are the Finite Element Method (FEMj~
and Boundary Element Method (BEM)3S4 Both techniques formulate the equations of elasticit~
theory in a discretized  manner,  and both use a combination of numerical integration of known
finctions  and matrix algebra to solve the system and find the required stress and displacement
results.

With such numerical methods,  it is well known that the accuracy of the solution is dependent on
the discretization  chosen to represent the component.  If more elements are used the results (gen-
erally) improve. Classical engineering practice requires that a numerical analvsis be considered
complete”  only after a convergence study has been pert’ormed. That is, progressively tiner meshes
should be analyzed until the results of one analysis are found to be effectively the same as the
results of the previous analysis.  At this point, the results are said to have converged and engineers
can feel more confident that their numerical solutions for stress and displacement  are correct.

This paper compares the convergence characteristics of the BE,M and FEM for a 27-inch  cathode
ray tube design. Alongside the results of the convergence themselves,  the paper also presents the
modeling times required to carry out the convergence study,  as these are of great importance in a

competitive industry.  If a convergence study takes a long time, then there will be a corresponding
delay in the time to market for a product,  which will have a negative effect on the competitive
position of the company producing the product.

It has been well documented5’6  that the modeling times for the BEM are very favorable compared
with typical FEM modeling times. A factor which is perhaps less well known is that the mode]ing
times for remeshing  a component show much more dramatic  a benefit  for the BEM over the
FEM, as will be shown in the results of this study.  Both benefits (i.e. in the initial model crea[ion
and the remeshing  to define a finer mesh density)  stern from two factors in the BEM code
BEASY 7, which was adopted for the boundary element analysis software in this study.

a) The elements are only defined on the surface area

b) The elements maybe  defined in a discontinuous manner, such that
the comers of one element do not need to lie in the same place as the
corners of adjacent elements.

Thus, in a remeshing  procedure,  the user need only rernesh those surfaces of interest in the con-

vergence analysis without undue concern for the transition of the more refined mesh to other parts
of the model.



The convergence analysis
The finite element and boundary element models of the CRT are shown in figures 1 and 2 The
ANSYS program8 was used for the FEM study and the BEASY program used for the BEhl
study.

Im”the  convergence analysis,  the models were modified to increase the number of elements  used to
define the thickness of the glass. In the initial models only one element was used in the thickness
direction,  and this was increased to two and then to three elements. It should be noted that the
BEM model did contain a number of elements in the thickness direction,  passing through the glass
material. These elements were defined for the purpose of dividing  the model into subregions.  or
“zones”.  This has the effect of making a BEM analysis more ei%cient  and improves  accuracj  t’ol-
slender sections.

Table 1 shows the modeling times required to make the changes  from 1 to 2 and to 3 elements  ill

the glass thickness direction for the B-EM and FEM models.

Number of Analysis Type Total nunlber Modeling Ratio
elements in of E]ements Time FEM/BEhl
thickness

BEM 542 6 hours
1 2.7

FEM 1152’ 16 hours

BEM
2

566 5 minutes
96

FEM 1536 8 hours

BEM 590 5 minutes
3 96

FEM 19~o 8 hours -

Table 1. Modeling times for convergence study

The reasons for such a dramatic difference in modeling  times can be attributed to the simplicity  of
modeling only the boundary surface area in BEM instead of the entire volume  in FEM. However,
there were some more features of this model which accentuated the dii~erences.  In particular,  the
boundary conditions (i.e. the loading values) are applied to the FEM model on an individual
element basis. This required that the element numbers  be known.  Much of the 8 hour remeshing
time was taken in finding the new element numbers and applying loads to the new elements.  With
the BEM model, since the loads were applied to the surfaces and then automatically  mapped onto
the elements on that surface, any remeshing  does not destroy the boundary conditions which \vere
previously defined when the number of elements on a surface is changed

The BEM model consisted entirely of Q38 type, quadl-atic  qu:~dri]ateral  boundaly elements  ‘1’l]e
FEM model consisted of a mixture of STIF 9520 node isopal-anle[ric  solid elell]~n[s and ST1F93



8 node isoparametric  shell elements,

The maximum principal stress results for the three BEM models and for the two loading condition
types are shown in Table 2. Here the column labeled ‘Deviation’ is the percentage error assuming
the exact solution is as given by the analysis model with three elements in the thickness direction
(i.ej. the most refined mode]).

Number of Loading Max. principal Deviation
elements in condition stress (psi)
Thickness

Vacuum 1452.6 0. 14%
1

Shrink band 1195 0,084940

2
Vacuum 1451 0.028 ?/0

Shrink band 1194 09”0

3
Vacuum 1450.6 09’0

Shrink band 1194 oOA

Table 2. Maximum principal stress results for convergence study (BEh’1)

Table 3 shows the results of the maximum principal stress as calculated during the FEM con\er-
ge~ce  analysis study.

Number of Loading Max. princi al
Y

Deviation
elements in condition stress (psi
Thickness

Vacuum 1306 1 1°A
1

Shrink band 1059 11’%0

Vacuum 1458 0,81%0
2

Shrink band 1186 0.75?40

3
Vacuum 1470 070

Shrink band 1195 00/0

Table 3. Maximum t)rincit)al  stress results for convergence studv (FEM)

The maximum principal stress profiles for the finite element and boundary element solutions for
the vacuum stress condition are shown in figures 3 and 4, and sho~v a similar profile for the tivo
types of analysis.

Finally,  table 4 shows the values of doming, the displacement of the center point of the face panel,
as calculated by the Finite Element and Boundary Element techniques.  .As can be seen, the doming
values are very similar for the two techniques,  and are both lvithin experimental error bounds of
the experimentally obtained value of 0.097 mm. The fact that the FEll and BEM displacement
results match so closely while there is some difference in the stress results is no[ unexpected, since



the FEM is known to give generally better displacement results than stress results,  since the stress
computation involves taking a derivative.

Number of elements Doming value Doming value
in thickness from BEM from FEM

1 0.087nlm 0.0ss111111

2 0.087mm O 088mnl

3 0.087mm O 0S9nml

Table 4. Finite element and Boundary element results for doming

Conclusions

The study described in this paper shows how the boundary element and finite element methods
compare in a convergence study. The major conclusions to be drawn from the analysis runs per-
formed are as follows:

1.

2.

3.

4.

The boundary element results have achieved a high degree of convergence even for a single
element in the thickness direction.  Although it is found to be unnecessary to use a more refined
mesh, it is also found that the remeshing  presents no difficulty and can be done in an extremel~’
short space of time.

The finite element results appear to require a minimum  of two elements in the thickness direc-
tion before the results approach convergence,  The difficulty of modifiing the model to con-
sider this refinement is an obstacle to a rapid convergence analysis.

‘Doming’  displacement results do not appear to be affected greatly by the mesh refinement  in
the thickness direction.

The simplicity of producing a refined analysis model in the BEM allows a more detailed con-
vergence study,  and therefore promotes confidence in the stress and doming  values obtained.
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