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- ABSTRACT

Numerical stability in Torus Models can only be verified with
a full size model. Instabilities may occur when there are a large
number of shell type elements around the circumference. Shell
elements do not have inplane rotational stiffness, therefore the
use of many elements around the circumference may cause some small
rotational terms in the Stiffness Matrix. To study the effects and
magnitudes of these terms a 30 degree segment of a Torus Model was
analysised utilizing Dynamic Reduction in Normal Modes Analysis.

INTRODUCTION

This study was conducted to verify the numerical stability of
MSC/NASTRAN. To accomplish this verification, a Torus was modeled
using a number of different modeling techniques. Each model was
then analyzed with Solution 25, Normal Modes Using Dynamic Reduction.
This particular type of analysis was chosen for two reasons. First,
Normal Modes Analysis is a standard type of analysis for Torus models.
Second, Eigenvalue analysis will require a large number of matrix
operations, therefore, it may be subjected to numerical instabilities
and round-off errors. The reason numerical instabilities may arise
in a Torus model is as follows; when two adjacent shell elements
(specifically QUAD4 and TRIA3 elements) are co-planer, a singularity
exists. Singularities occur because shell elements do not have
in-plane rotational stiffness. In a fine mesh Torus model the
elements around the circumference intersect at a relatively small
angle, (see figure 1).
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FIGURE 1
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Regardless of the displacement coordinate systems defined for the
grid points, there will be some rotational stiffness terms which

will be relatively small in respect to the other rotational terms.
MSC/NASTRAN performs a singularity check on three by three partitions
of the KGG (Global Stiffness) Matrix and flags any potential
singularities when Ri<EPZERO.

where: Ri = Ki
|Kmax|

EPZERO(default) = 1 x 1078
Ki = each individual term in the 3 x 3 partiti

| Xmax]! = the absolute value of the maximum
term in the 3 x 3 partition.

(Reference: MSC/NASTRAN APPLICATIONS MANUAL SECTION 2.19)

One may be concerned with the affect of round-off errors on the final
results of the analysis when some stiffness terms are very small and
pass the singularity test.

The method chosen to investigate this question is as follows:

1) Perform a Normal Modes (Solution 25) analysis of a typical
fine mesh Torus model, printing the Eigenvalue summary,
printing the diagonal of the Stiffness Matrix and plotting
the first seven Eigenvectors.

2) Find the rotational terms in the Stiffness Matrix that are
small, increase them by means of CELAS Cards to approximately
10% of the higher terms, and run the analysis a second time.

3) Re-run the analysis using three other modeling techniques.

4) Compare the Eigenvalue Summaries and the Eigenvector plots
for all five analyses.

Since additional modeling technicues will be used, as mentioned
in item 3 above, this study will also check the effects of out of
plane nodes in QUAD4 elements and the validity of the RSPLINE element.
These topics will be discussed in more detail when the individual
models are presented.
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STRUCTURE TO BE ANALYZED

The structure chosen is a 30 degree segment of a Torus, see

figure 2.

Center Line
of Torus

R1

Center Line of Structure,

R2
Where: R1=320 inches
R2=170 inches

)|

t =0.6 inches

t
FIGURE 2
The Material Properties (A36 steel):
Young's Modules 29 x 106 ps1
Poisson's Ratio .3
Density 7.246 x 10™4 1bm/in3

ANALYSIS TYPE

All five models where analyzed using Normal Modes (Solution 25)
with Dynamic Reduction (RF 25$70). The analyses were run using
MSC/NASTRAN Version 48 on a CDC CYBER 175 at University Computing
Company. The parameters for the analyses are as follows:
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BULK DATA DECK

Input Data Card EIGR Real Eigenvalue Extraction Data
Description: Defines data needed to perform real eigenvalue analysis

Format and Example:

1 2 3 4 5 6 7 8 9 10
EIGR SID METHOD Fl F2 NE ND NZ 13 +ahc
EIGR 13 INV 1.9 15.6 10 12 0 1.3 ABC <J
+abc N@RM G
+8C PRINT 32
Field : Contents
SID Set identification number (Unique integer > 0)

METH@D . Method of eigenvalue extraction, one of the BCD values "IWV," "DET," "GIV,”
“SDET," "UINV," or "UDET" .
INV - Inverse power method, symmetric matrix operations.

SDET - Determinant method, symmetric matrix operations
GIV - Givens' method of tridiagonalization
MGIV - Modified Givens' HMethod
UINV - Inverse power method, unsymmetric matrix operations
UDET - Determinant method, unsymmetric matrix operations
DET - Determinant method, unsymmetric matrix operations

F1, F2 Frequency range of interest (Real 2 0.0; F} < F2). (Required for METH@D = "DET."
“SDET," “INV," "MGIV," "UDET," or "UINV." Frequency range in which eigenvectors
will be computed for METHPD = "GIV," except if ND > O, in which case the
eigenvectors for the first WD positive roots are computed. F2 is used to in-

ternally compute a shift parameter for the "MGIV" method.

NE Estimate of number of roots in range (Required for METHAD = “DET," "INV," "UDET,"
“SDET," or "UIWV") (Integer > 0)

ND Desired number of roots (eigenvalues and eigenvectors) for METH@D = "DET,™ “liv,”
“SDET," "“UDET," or “"UINV" (Default is 3 NE)~ (Integer > 0). Desired number of
eigenvectors for METH@D = "GIV" and "MGIV" (Default is zero) (Integer > 0)

NZ Number of free body modes (Optional - used only if METH@D = “DET," “SDET" or
"UDET") (Integer > 0)

E Mass orthogonality test parameter (Default is 0.0, which means no test will be
made) (Real > 0.0) This is convergence test for "INV" or "UNIV." Inverse

power limits this value to 107" < E < 107°



N@RM

Input Data Carg

Descriotion:
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Method for normalizing eigenvectors,
"PRLNT"

MASS
MAX

one of the BCD values "MASS," "MAX" or

- ‘Normalize to unit value of the generalized mass
- Normalize to unit value of the largest component in the analysis set

PRINT - Normalize to unit value of the component defined in fields 3 and 4 -
defaults to 'MAX" if defined component is zero.

Grid or scalar point identification number (Required if and only if N@RM = "PRINT")
Integer > 0)

Component number (One of the integers 16) (Required if and only if
and G is a geometric grid point)

NBRM

“PRINT")

where METHOD = MGIV
F2 = 1.0
ND = 7
NORM = MAX -
8ULK DATA DECK

DYNRED

1

Defines data needed to perfarm dynamic reduction.

Format and Sxampie:

! 2 3 4 S 5 7 3 g 10
ovwrep Lsto lewax [ wrey 1 owrT iR | wewax b weoes | oagrosed
pyneen | 2 [20.0 | | | | ves |
Field Contents
sIf Set identification number (Unique Integer > Q)

FMAX Highest frequency of interest (cycles per unit time)(Real > 0.)

NIRY Numper of initial rancem vectors {Integer > 0 or blank) Default > 3

NIT Number of iteration (100 >-Integer > 0 or blank) Default = 20

IDIR Integer used to select starting point to generate initial rancom vectars

(any of the integers 0 thru 9 or blankj



NCMAX
NCOES

AUT2S

m
-

Input Data Card PARAM

Description:

Maximum number of generalized coordinates (Integer > ().

the default is size of the g-set, and NCMAX must Se blank.

Number of generalized coordinates to be used on present computation

(Integer > 0 or blank, < NCMAX). Default = NCMAX if AUT2SEL not selected.
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I[f 2 z-set exists,

Request for automatic choice of NCDES if = 'YES' (BCD) Default is a blank fielg

where: FMEAX = 40.0
NIRV = 7
NIT = 8
NCDES = 350
AUTOSEL = YES
BULK DATA DECK
Parameter

Specifies values for parameters used in DMAP sequences (includinag rigid formats).

Format and Example :

] 2 3 4 5 6 7 8 9 10
PARAM N Vi v2
PARAM IRES 1 |
Field Contents
N Parameter name {one to eight alphanumeric characters, the first of which is
alphabetic)
Vi, V2 Parameter value based on parameter type as follows:
Type V1 V2
Integer Integer Blank
Real, single-precision Real Blank
BCD BCD Blank
Real, double-precision Double-precision |Blank
Complex, single-precision |Real Real

Complex, double-precision

Double-precision

Double-precision
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where: N
V1

ASING
0]

This PARAM card is required for AUTOSEL=YES to automatically

SPC Scalar points not used in the analysis (Reference: MSC/NASTRAN
Applications Manual Sect. 2.4)

THE GENERAL MODEL

The model will be divided into six rings of grid points and
five rings of elements, see figure 3.

Where: ER=Element Ring
GPR=Grid Point Ring
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FIGURE 3
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Element Rings one and five will consist of 72 QUAD4's each.
Element Ring three will consist of 36 QUAD4's. The remaining two
rings will vary according to the individual models.

For all models, grid point rings one and six will have cylindric
displacement coordinate systems about the center line of the Torus.
The use of cylindrical displacement coordinate systems will allow
symmetrical boundary conditions by constraining the out-plane
translation and the two in-plane rotations.

There will be eight grid points constrained in the radial
direction, two at the top and bottom of grid point rings three and
four. This prevents the center of the model from translating
narallel to the center line of the Torus.

MODEL ONE

The first model uses 108 TRIA3 elements in element ring two
and 108 TRIA3 elements in element ring four. TRIA3's are used to
connect the fine mesh of element rings one and five to the course
mesh of element ring three. All the displacement coordinate systems
will be cylindrical.

FIGURE 4
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MODEL TWO

The second model will be similar to model one except CELAS2
elements will be used to increase the stiffness of all rotational
terms below 1 x 106. The diagonal of the Stiffness Matrix shows
that the majority of rotational terms are in the order of 1 x 107.
All the rotational terms about the radial axes are below 106; therefore,
216 CELAS2 elements will be used.

MODEL THREE

The third model is similar to model one except that grid point
rings two, three, four and five have rectangular displacement
coordinate systems. Of course, the eight grid points constrained
for translation in the radial direction will need cylindrical
displacement coordinate systems. This model does not contain CELAS2
elements.

MODEL FOUR

The fourth model uses 72 QUAD4 elements in element ring number
two and 72 QUAD4 elements in element ring number four. RSPLINE
elements are included in the model to connect the fine mesh of
element rings two and four to the course mesh of element ring three.
No CELAS2 elements are used and all displacement coordinate systems
are cylindrical.

FIGURE 5
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MODEL FIVE

The fifth model will similar to model four except, the
dependent grid points of the RSPLINE elements will have a radius
of 169.353 inches instead of 170 inches. This smaller radius will
put each of these grid points in the plane of the elements of
element ring three. Consequently, all of the QUAD4 elements in
element rings two and four will have out of plane nodes.

RESULTS

The following table shows the maximum percent deviation of all
five models for the first twelve Modes.

Mode Number Eigenvalue Cycles
1 6.2% 3.0%
2 2.1% 1.0%
3 3.2% 1.9%
4 2.1% 1.0%
5 6.7% 3.3%
6 3.9% 1.9%
7 9.0% 4.4%
8 8.7% 4.2%
9 7.9% 3.9%

10 7.2% 3.5%
11 4.8% 2.4%
12 5.8% 2.9%

Model five has the lowest value for Eigenvalues and Cycles in
all twelve modes. The highest values for Eigenvalues and Cycles
alternated between Models Two and Four. The Eigenvalue Summaries
and Mode Shapes can be seen in the following sheets.
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ib 1,062047E+0S 3,258906E+02

i3 1,2U3872E+05' 3,526857E+02

12 1,33526UE¢05 3,654126E¢02
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NASTRAN 12/ U/78
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MODELI FIVE! FEBRUARY 8¢ 1979 NASTRAN 12/ 47178
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1002 EXTRACTTION EIGENVALUE RADIANS SHNCLED BEVERALIZED GEMERALIL2
N, 030ZIR | MASE STIFFNES
1 3,251508E¢02 1.8059655401 248374232EZwd0 1.000259E+00 3,252353¢
2 2s1865UBE+03 U,67505UE+01 T,4421735%00 14000277E¢D0 2,§87153¢
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8 3,570525E+404 §1,889583E+402. 3,0073558%01 0,9 0,0
9 5,2507U6E+04 2,293451E¢02 3,545957E%01 0,9 0,0
10 5.501305E¢04 2,3454B5E+02 3,732957E%01 049 0.0
11 Seb6IUTITEIOU 2,385361E+¢02 34798011801 0,42 0o
13 8,b21440E+04 2,573216E+02 44095400£E%0) 049 0,40
10  6,9087U3E+04 2,623UU9E+02 441833065901 04D 0,0
18 T7,U2262BE¢0U4 2,724450E¢02. H4,33b097ERDL 0,40 0,0
19  7.,69B915E404 2,774692E+02 4,416059Ew0) 040 040
24 B,S0LOIUE+D0U 2,51516UE+02 4,541220E%01 0.0 0.0
20 BoS8H212E$0U 2,930220E+02 445635965401 042 0,0
17 1,000522E405 3,163103E402 5.03423S5Ew01 040 0e0
16 1,05978SE+05 3,2739757E402 54205572E%01 040 0.0
15 1,114558E¢05 3,33851UE+02 54313411EwD] 0,0 0,0
12 1,269854E¢05 3,563515E+402 54571511E%01 040 0N
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CONCLUSION

It can be seen that MSC/NASTRAN yields highly consistant
results regardless of the modeling technique chosen. Also
the use of RSPLINE elements and slightly out of plane nodes

in QUAD4 elements have relatively little effect on the final
results.



