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EUSTIS DIRECTORATE POSITION STATEMENT

The data contained in this report are the results of an effort designed to improve the

state of the art of elastomeric bearing design for helicopter rotor head applications. The

products of this effort are a design manual and a computer program based on finite-
element techniques. The results of this program are contained in the following four
volumes:

Volume | - Final Report

Volume il - Design Manual

Volume |Il - Program User’'s Manual
Volume IV - Programmer’s Manual

Volume | contains the development and background information used in producing the
design manual.

Volume |1 presents design considerations and procedures, bearing applications, methods
of analysis, and techniques for predicting bearing performance.

Volumes |1l and IV contain the computer code and examples of problems showing
sample inputs and outputs.

The products of this effort provide a good foundation for building a comprehensive
manual and computer code for the design and analysis of elastomeric bearings for
helicopter rotor head applications. It was recognized at the onset of this program that
both the manual and the code would be first editions. The results of this effort were
expected to define areas requiring further development. Further investigations coupled
with feedback from users and/or evaluators are expected to provide material for
upgrading the content and format of the manual and codes.

Mr. John Sobczak of the Military Operations Technology Division served as project
engineer for this effort.

DISCLAIMERS

The findings in this report are not to be construed as an official Depsrtment of the Army position unless so
designated Ly other authorized documents.

When Government drawings, specifications, or other data are used for any purpose other than in connection
with a definitely related Government procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Government may have formulated, furnished,
or in any wey supplied the said drawings, specifications, or other data is rot to be regarded by implicaglon or
otherwise as in any manner licensing the holder or any other person or corporction, or conveying any rights or
permission, 10 manufacture, use, or sell any patented invention that may in sny way be related thereto.

Trade names cited in this report do not constitute an official endorsement or approval of the use of such
commercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do 10t return it to the originator.
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METHOD

The theoretical basis of the program Is contained in Volume |
and is not repeated in this manual,

Variable dimensions of the grid have been used throughout so
that any size problem can be run If sufficient computer size
and time are available.

The solution scheme is a Gausslian reduction. This glves good
answers with reasonably short run times,

The program may be run as a standard axisymmetric program
giving either one or both of the axisymmetric or torsion
solutions. Multiple passes may be made through the program
inputting the proper load coefficlents to gain an asymmetric
loading solution., The accumulation routine will accumulate
the displacements and strains for all harmonics to give the
final solution,

The program 1Is a finite-element program. To solve for the
displacements, stresses and strains throughout a body, It Is
divided into many small pieces called elements by defining a
grid network of nodes over a cross section of the body. For
each element, a stiffness matrix Is defined according to the
basic assumptions for that element. A force vector Is created
by applying the pressures and loads to the nodes. The element
stiffness matrices and force vectors are then assembled into a
master set of equations, and the equations are solved using a
Gaussian reduction technique. This method of solution has
been extensively used at Thiokol for many years and has
yielded good answers in reasonably short run times.

There are two basic elements avallable in this program, and
one or the other must be selected in the RUN input section.
The first is the linear displacement element. The assumption
for it Is that the displacements are a linear function through
the element. This element is used for the basic axisymmetric
runs, the asymmetric loading runs and the torsion runs.

The second element Is the Isoparametric element. It is a
quadratic element where the displacements are assumed to be a
quadratic function through the element. This element will In
general give better results for the same size or a smaller
grid. It has not, however, been as extensively used as the
linear element.



In the Type of Material section, there are five element types
given., Types 1, 2, 4 and 5 are all linear elements and differ
only in the number of degrees of freedom they can handle.



LOAD DEFINITIONS

For the single-pass, axisymmetric run, loads are Input
directly as they apply to the entire hody of revolution.

For asymmetric loading, a Fourler expansion of the form

M M
f(eg) = Ao + z A cos nf6 + b B sin né

n=l n n=]l n

must be generated, where N is the number of terms needed to
accurately represent the load. All loads are defined In terms
of this function of theta. The loads are then input with the
constant term A, in the first pass and either Ay or By being
entered for the n+lst pass.

The assumption 1Is implicit_in the program that the loads are
symmetric about the 0° - 320° plane through the body. Because
of this symmetry, the radial and axial loads can go in only as
an even function and the tangential 1loads only as an odd
function. That 1Is, only the A terms can be used for R or Z
loads, and only the B terms can be used for the ¢ loads.

The wunits of the function f and the coefficients A and B must
be in pounds per square inch for pressure, or pounds for nodal
point load, over the entire surface affected.

Pressure, shear and traction loads act on the entire surface

of revolution on which they are applied. That Is, the total
load is equal to nDLP where D is the diameter, L the lencgth,

and P the pressure or shear.

Noda point forces apply a load directly to a point and are
not distributed over any surface. They are a load on a ring
as the loaded point is revolved about the axis.

See Appendix B for the description of a progran to generate
the Fourier coefficients.
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PROGRAM COORDINATES

The normal orlentation of the coordinate system is with the
R-axis horizontal and the Z-axis vertical. This Is referred
to here as a right-handed system; that is, R rotated into Z
gives a vector out of the paper.

The indexing system of the program can also be layed out as a
coordinate system, By definition, a rizsht-handed system is
one in which the | axis rotated into the J axls gives a vector
out of the paper.

The two systems, coordinate and Indexing, must always agree.
That is, they imust hboth be elther rirht-handed or left-handed.
If one 1is right and the other left, the program will glve
negative area errors on the grid and stop execution,

A1l anizles in the system are measured from the positive R axlis
counterclockwise in the right-handed system, If the system is
transformed, this relative orientation rmust be maintained.

There are "local origins' referred to in the input section.
These are simply temporary origins to aid in the desi nating
of that one node or line. The point will be translated back
into the global coordinate system by adding the coordinates of
the local origin to the coordinates of the point.



R
L ol

By means
be generated internally to connect any* two points with a

may

IHE LINE GENERATOR

of the Line Generator Record, line and arc segments

set of nodes. The followinz options are avallable:

A.

Equal interval = In the straight line all Intervals
between nodes are equal, In an arc the angular

intervals are equal,

Square root of r - Where N is the total number of
intervals and | goes from 1 to l-1, each interval is
(2i-1)/N2 of the total length. For a line, this is
an increment of length; for an arc, it is an angular
interval,

Geometric progression = The increments of length or
angle will be in a jeometric progression. Any of r

(the common ratio), a (the first interval), or ! (the
last interval) may be specified. In addition, the

second node in the line may be specified and r will
be calculated using the interval from the first noade
to the second node of the line as a.

Any of these options may be used to generate any line
in the figure. The lines may go In either ascending
or descending order of | or J.

#*Either | or J must be constant for all the nodes In a line or

arc.



IHE GRID GEMERATOR

The grid generator used in this program is one developed at
Thiokol by Dr. 1illiam Cook.* This is a linear interpolation
method which yields a good grid under most conditions
regardless of the curvature of the boundaries.

A two-dimensional space 1is defined in £ and 1, and the grid
boundary nodes are mapped Into this space, A lincar
interpolation scheme is then used to fill in the remainder of
the ¢t , n space, Two functions, f and g, are then defined
that map the §, 0 space into the X,Y space of the grid. These
functions are then used to define the remainder of the grid,

There may be any number of major partitions in the grid and
any number of subpartitions within each of these.

A major partition is defined as a closed rectansular section
of matrix (the figure may be of any shape, but the section of
matrix must be capable of being defined by a minlmum and
maximum of | and J), all of which will be generated by one and
only one grid generation record. The subpartitions are closed
rectangular sections of matrix 1lying within the major
partition.

A1l boundaries of each partition must be completely specified,
and there must be no nodes specified that do not lie on the
boundaries of a partition.

Each major partition must be specified on a Grid Genecrator
Record, but the program will pick up all subpartitions lying
within the speciflied major partition.

Due to the nature of the Cook grid generator, the following
restrictions must be observed when using it:

1. A1l sections of the matrix that are to be gencrated
by it must be rectanzular and the boundaries nmust be

completely defined.

2. If interior nodes are specified, they must form
rectangular subsections of the section of matrix
being gzenerated. There is no limit to the number of
such subsections allowed.

*Cook, William A,, BODY ORIENTED (HATURAL) CO-ORDINATES FOR

GENERATING THREE-DIMENSIOHAL MESHES, International Journal for
Numerical Methods In Engineering, Vol 3, 1974, pp. 27-43.

10
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INPUTTING THE PROGRAM

are several things about the program that you should be

aware of as you set up your input. The sections below define
both general things to keep in mind and the specific methods

of

‘nput required for the various options., For additional

information, see Vol Il of this report.

Geperal

The RUN section must always be used to specify both
the geometry type and the element type. |In this

version of the program, the geometry type is always
axisymmetric (option 3). The element type can be

elther linear displacement (option L) or
isoparametric (option §5),.

Each node defines an element, except for
|soparameteric, where it 1is every other node. The
elements are referenced by the node with the smallest
indices of the nodes comprising the element. Those
nodes which 1lie on the boundary of the geometry and
do not reference a real element are given a type code
of 9, which signifies a missing element, This type
code of 9 1Is also used to code an internal element
which has no material in it. Type 9 elements require
no material code, and this can be set to 0 or left
blank.

Plots can be produced quite simply by specifying the
orientation desired, the range of iIndices of the
nodes to be plotted, and the Y paper size. The data
will then be scaled to fit the paper height, and the
same scale factor will be used for the X direction.
The actual scale values used, the minimum values and
the maximum values, |Iif calculated, will be printed
when each plot Is produced.

Several Input sections use Index increments referred

to as Il and Jl. The value Il is an | Index
increment, that is, we go from I1 to 12 In increments
of [IlI. The value JIl is a J index increment, and we

0 from J1 to J2 in increments of Jl. For example,
if we have a grid where vie have material 1 In the
elements with an even J Index and material 2 in the
elements with an odd J index, we can apply these in
only 2 records by using a Jl of 2. Another example
of its wuse 1Is in the isoparametric Input. This Is
explained more fully in section VIl below.

11



V{<

v

Ihe Basic Axisymmetric Problem

This 1is the case for which there are no iterations
and the basic 1linear displacement element is being
used., The RUN section must show this by inputting
options 3 and 4.

Asymmetric Loading

The asymmetric loading of an axisymmetric body Is
accomplished by making multiple passes through the
program within one run. Each pass has the harmonic
coefficients for one term in the Fourler expansion
entered as load conditions. Run option 9, asvmmetric
loading, must be specified in each pass.,

The node number, L11 in the General Data, and the
hizhest harmonic allowed, L12 in the General Data,
must both be specified in each pass, and the hirhest
harmonic allowed must bhe nonzero.

The accumulation of the output 1Is necessarv for
proper interpretation of the results. Fach pass will
sive results that are the maximum for each coordinate
direction. These values have meaning only when
multiplied by the proper sine and cosine terms and
added to the other terms for that node or elenment.

The undeformed zeometry can be plotted at any time in
the run. Accumulation and plotting of the deformed
zeometry must be in the last pass only. Plots can be
made of the displaced gecometry at any ansle © or
axial location Z by accumulating the data where
desired and then inputting a plot section immediately
after. The plot routines will always plot the last
data accumulated. See the sample input for an
example of this.

Incremental Loading

tthen this option is used, the program automatically
cyceles through as many times as there are load
increments. The cunulative totals of the
displacements and strains may be printed out for each
increment under the control of the Selective print
option. The print suppress option (output option 1)
and the Selective print section control the output of
the final results, and the Incremental loadin~ nprint
flag with the Selective print option controls all
others.

12
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A1l loads and boundary conditions may be applied in
increments. The fraction of the load to bhe applied
in each step may be specified, or on a flag the
increments will be calculated in an arithmetic
progression.

A set of flags is provided so that specified loads
may not be applied incrementally.

Each iteration 1is handled essentially as a separate
run with the program 1looping through the entire
solution scheme, The displaced geometry reflecting
all the previous loading is used In each Iteration so
that stiffness due to bending will be taken into
consideration,

The wuse of this option talkes into consideration the
nonlinear terms in the strain displacement
relationship and Iterates for the final solution.
You can also enter strain dependent material
properties to take into consideration the nonlinear
material behavior.,

A Convergence criteria and a series of

underrelaxation factors must he entered, The
underrelaxation factors must be positive values no
greater than 1.0, and at least the last two values
nust be 1.0. The program will Jiterate until
converzence or the maximum number of iterations is
satisfied.

As iIn the Incremental loading option, the print
suppress flag controls the final output and the large
deformation print flag controls all others.

The energy calculation, reacticn forces and accuracy
check are not valid for this option and are not
allowed.

lncremental Loading and Large Deformation

These two options may be combined to allow a large
deformation iteration inside each Incremental loading
loop. The controls on each remain the same, and the
same set of underrelaxation factors will be used for
each increment of load.

13
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lsoparametric Elements

The 1{isoparametric element in this program is a
gquadratic element with threce nodes on each side. The
geometry 1is input and generated just as if a linear
displacement element were being used, ilote, howcver,
that all element boundaries and material bhoundaries
must fall on nodes with odd indices.

The (internal handling of this element reaquires some
special consideration in the input. The element type
codes and material numbers must only be on the nodes
which desigznate element corners. To achieve this, ||
and Jl in the TYPE section nust be input as 2's.

Jorsion

The torsion solution is part of the zero harmonic in
the asymmetric loading case, because it Is the only
clement at present that has a theta degree of
freedom, A RUN parameter of 9 must then be
specified.

There are to different ways that torsion can be run:
(1) with the full asymmetric calculation giving all
three degrees of freedom, and using a type 4 element:
(2) with torsion only, in which case a type 5 element
will be used. The type 5 element Is faster than the
type 4. Accumulation can be made for both elements,
or for any combination of 2, It or 5 elements, since
they are all asymmetric., HNote that the torsion loads
act on a2 moment arm equal to the radial coordinate of
the point wvhere they are applied.

Stability

This option is used to determine the stability of a
flat, vertically stacked bearing. The only input
sections required are the General Input, the Run
input, and the Stability input. The values in the
General section will not be used, but due to program
flow the section must be included. Run option 20
must be specified.

Service Life

To determine the service 1life of a bearing, this
program must be used in conjunction with program
$3359SL. llhen a run Is made where data needs to be
saved for the service 1life calculations, output
option 20 must be specified. The stresses and

14
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strains will then be output on a file whose name Is
SERVLIFE. Each set of data put on this file will be
identified by two integers which are printed on the
output: the first is the julian date and the second
is the time of day In centiseconds. These will be
used to identify the set of data for program S3359SL.
These sets can be put on separate reels of tape, or
they can be stacked together on one tape by using the
proper Job Control Language.

15
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TIMING

Timing on this program is a problem because so many factors
affect the execution speed.

In general the time required for a run is a function of 12 and
J.

The asymmetric loading problem requires about two times as
long for each pass as a simple axisymmetric problem,

Each Iiteration on iterative runs must be counted as a full
execution,

From our experience, the best way to estimate the time is by
experience with the guldelines given above. However, the
following equation will give a starting point:

Time (in minutes) = F 12 y + 1,2

where F = ,0012 for an asymmetric run and .0006 for an
axisymmetric run, | Is the I-dimension of the grid, and J is
the J=dimension of the garid, This equation Is for the IBM
370/155; the factor F and the constant 1.2 may change for
other machines.

16
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RESTRICTIONS

The isotropic Poisson's ratio is restricted to 0 ¢ v
R At least under some clircumstances a zero
Poisson's ratio will make the stiffness matrix
singular,

If a node is on the axils of revolution of an
axisymmetrically loaded body, the radial displacement
of that node must be fixed at zero.

At least one axial component of displacement must be
specified to avoid rigid-body axial motion. A
sliding boundary condition may also fulfill this
requirement if it restrains axial motion.

In any row of the grid, | must run consecutively
through each value IMIN ( | £ IMAX for that row.
Type 9 elements may be used where needed to provide
"voids" in the grid.

In the input, a maximum of 9 digits is allowed on
each side of the decimal point in a number,

There is a maximum of 32,767 materials allowed in the

program. However, due to the special Iinternal
handling, the number of materials used with

isoparametric elements is limited to 50.

17
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YARIABLE DIMENSIONS

To facilitate running of both targe and small problems, the
working arrays in the program have bheen variably dimensioned.
Two things should be noted here about the program. First, the
prosram will take as much core storage as it is given; that
is, on the step resource usage given at the end of the run,
the amount of core used and requested will always be the same,
Second, the actual amount of working storage used in each
phase will be printed out as part of the output.

The table on the following pages gives the maximum core
required for a run. There are many factors which affect the
core required for any given run, so the first guess should be
taken from the table and then adjusted after a complete run
has been made. The excess core avalilable for each part of the
program is glven with the output.

To find the region required for a run, a ook in the table for
the | and J size of the grid will give the region in K bytes.
If an asymmetric loading case, or an isoparametric case is not
being run, the region may be reduced by up to one-third.

For a stability calculation, only 190K will be needed for the
run.,

18
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EREFRM INPUT

Input to the program 1is via subroutine FREFRM. This is a

record-oriented free-form input routine. It allows data to be
entered without regard to card columns and yet be input as
individual unique records.

This routine has the followlng characteristics:

1. Numbers are not restricted to any particular columns
on the card.

2. The numbers may be separated with any of the
following:

a. A comma is a separator.
b, The sign of the number is a separator,

C. The single quotation mark (') when defining an
alpha string is also a separator,

d. The end of a card (column 72) is a separator;
that 1is, If no other separator Is encountered
before the end of a card, that end will
terminate the number. Note that an end of card
in an alpha string is an error.

e. The L of an L-number is a separator.

fia A record terminator (;) will terminate the
number as well as the record. A record
terminator in an alpha string is an error. A
string of dissimilar separators 1Is only one
separator, For example, a comma followed by an
end of card, followed by an L or quote, Is still
only one separator,

3. L-Numbers may be wused to specify the relative
location of the value In the record. An L-Number is
an integer preceded by an L which sets the counter to
a specific location in the record, the first location
being 1. Thus the third ‘ocation Is given by L3.
The L-NHumber must be serarated from the following
value by a valid separator. The number must always
follow the L immediately. The presence of anything
other than a digit immediately following the L will

21
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10.

11.

12,

cause an error.

A logical record must be terminated by a semicolon
(;).

Alphanumeric data can be entered anywhere in the
string but must be set off with single quotation
marks ('). The quotation mark is a separator. Two
consecutive quotation marks will cause a quotation
mark to be entered in the string. There are 8
characters in each location as defined by the
L=-Mumbers,

If two commas appear consecutively, no value is input
between them, The value previously put in that
location will remain there.

If two signs appear consecutively, a zero Is assumed
between them.

If a record begins with an alpha character, it will
be assumed to be a flag record or a title, and no
other data may be entered In it., These records may
begin with "L', which usually signifies an L=-lumber,
if and only If the second character in the string is
alphabetic,

Comments may be punched in any card by punching an
asterisk (*) followed by any desired comments. The
asterisk and all data following it in that card will
be ignored.

Only the first 72 columns of each card will be used,
so columns 73-80 may be used for sequence numbers If
desired.

Data entered in a location in a record stays in that
location in subsequent records until it is chanzed by
entering a new value in that location,

A maximum of 2 dizits Is allowed on each side of the
decimal point In a number,
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ELAG AND TITLE RECORDS

Any record which begins with alphabetic data is considered to
be a flag or title record. Flag records are used to flag the
beginning of each group of records. |If the first four columns
of the record contain a flag sequence, the record Is
considered to be a flag record. |If not, it is considered to
be a title record and its use is determined from its location
in the input stream, The record terminator must not appear in
the string. A title record may span several cards, but each
flag or title record must end with a record terminator. A
flag record cannot exceed a single card.

In the following pages, only four characters are given for
each flag since this 1is all that is checked. Additional
characters may be added to make a full statement if desired,
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JHPUT FOR PROGRAM

As many of the following groups as needed may be entered.
Some of the groups are required; others are optional.

The Title records and General Data must be the first two
groups input. A1l other groups may be input in any order,
with the only restriction being that of logical sequence of
events. Obviously you can not use an item of data until it is
input; therefore, Line Generators must follow the Node records
that define their end points, etc. !n general, any group may
be 1input more than once; however, th!s practice should be
restricted to avoid overly complex input sets.

Each case run through the program 1is considered to be a
separate case, and all information must be eritered for each
case. This is also true of the various parts of an asymmetric
loading run, Except for the accumulation, each case is
considered to be completely separate.

Note that only columns 1 through 72 may be used for data.

Litle

As many cards as desired may be entered here, with the
last card containing a record terminator. FEach title
card must start with an alphabetic character,

General Data - The flag is GEMNE

L1 Minimum | value

L2 Minimum J value

L3 Maximum | value

L4 Maximum J value

L5-L9 Not used at present

L10 Base temperature

L11 Mode number if asymmetric loading

L12 Highest mode allowed if asymmetric loading

24



Run Parameters - The Flag is RUM

Run options will be selected from the following table
by entering the option numbers as a sequence of
integers. The blank options represent options not
avallable in this version of the program.

1.

2.

Bie Axisymmetric geometry

L, Linear displacement element

5, Isoparameteric element

6.

5

8.

9. Asymmetric loading of an axisymmetric geometry

10. liesh only - check Input and test the grid.
Geometry plots will be produced if requested.

11.
12.
13.

20. Stability calculation

25



Qutout Options - The Flag is OUTP

The options are selected by entering the option numbers

from the following table. These options apply to the

entire output set; if output is desired for specified
sets of nodes or elements only, then use the Selecctive

Print option.

If no output options are specified, the output will be

the displacements for each node and the stresses and

stralns for each element.

1, Print Suppress. The displacements and stresses
will not print except as specified by the
Selective Print option,

2. Punch the deformed grid.

3 Print the deformed grid.

3. Accuracy check. Calculate (F-KU) for each
element and print the 10 elements with the
highest error,

9, Reaction forces. Print the reaction forces for
the nodes with displacement boundary conditions.

10.

11.

12.

13,

14, Print the strain energy.

151 Print the element material properties.

16. Priét the loads for each element with nonzero

loads and the boundary conditions for each node
with nonzero boundary conditions,

26
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17.
18.
19.

20, Output data on tape for service life
calculation,

Special Points - The Flag is SPEC

This section allows for a maximum of 100 special points
that are not part of the grid. Thelr purpose is to
provide convenient points to be used as local origins
for nodes, arcs, etc.

L1 K The special point number, It will be
referenced by this number whenever it is used.

L2 X or R coordinate

L3 Y,6 or Z coordinate

Ly If nonzero the values 1in L2 and L3 are

considered to be R and 8, In de;srees. |f zero,
they are considered to be X and Y.

L5 The number of a previously Iinput special point
may be Input here, and it will be used as a
local origin for point K.

Nodes - The flag is NODE

Each of these records defines one geometry point in the
grid.

Ll |

L2 J

L3 R(1,V)

Lb Z(1,J) or @ In degrees

L5 Spherical flag - Input a +1 if R and 6 are

input instead of R and Z.
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L6 Local origin flag
0 - no local origin

1 - special point whose number is in L7 is
the local origin

2 - the node whose indices are given in L7
and L8 will be used as the local origin

3 = the coordinates of the local origin are
given in L7 and L3

L7 K, IL or RL depending on L6
L8 JL or ZL depending on LG
Line Generators - The flag is LINEC

Each record generates a sequence of node points hetween
the existing end points. Either 11 = 12 or J1 = J2

must hold.

L1 11 Beginning node of the line.

L2 J1

L3 12 | Ending node of the line.

L4 e

L5 Rotation code
+1 if rotating from the positive R to the
positive Z axlis.
-1 if rotating from the positive Z to the
positive R axis.

L6 Nodal spacing option code

'0' equal interval option
'1' the square root of r option

LA geometric progression with Vip|t
specified

28
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Ly geometric progression with gt
specified

'y' geometric progression with % g
speciflied

's' geometric progression with the second
node In the 1ine defined previously and
used to define 'a'

L7 This field will contain a, r or 1!
depending on which option was specified in
L6.

L3 GMIN <-The smallest interval allowed for a

geometric progression.

LS GMAX = The largest interval allowed for a
geometric progression.

L10 If the sequence of nodes is to fogem an
arc, the way in which the arc center is
given is specifled here.

0 - not arc - generate a stralght line

1 - the special point whose number is
given in L11 is the arc center

2 - the node whose Indices are given iIn
L1l and L12 is the arc center,

3 = the center of the arc 1is at the
coordinates glven In L11 and L12

L11 K, IC or RC depending on L10
L12 JC or ZC depending on L10
Bearing Generator - The flag is BEAR

This section contains parameters necessary to
generate a spherical or conical bearing model only.

The node points will be generated and element type
and material codes will be set as specified for the
elements generated. Type of Material records do not
need to be input for the elements of the bearing.
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See Figure
indices.

L1

L2
L3

L4-6
L7

L8

L9

L10

L1l
L12
L13
L1y
L15-18

L15

1 for the relative 1location of the

The minimum | value in the bhearing. This
may be any value. Default of 1. IMNB

The maximum | value in the bearing IMXB

The minimum J value 1Iin the bearing.
Default of 1. JHIB

Not used at present,

IEQU If this is nonzero the nodes will be
equally spaced across the bearing in the |
direction Instead of having the first and
last interval half the others.

Element type =- see Type of Material
section for valid types.

+0) if a spherical bearing.
+1 if a conical bearing.

The inside radius of the bearing for
spherical bearinss only,

Radial coordinate for node I1MNB, JIiND,
Radial coordinate for node [MHB, JHXB*,
Radial coordinate for node INMXB, JNliD.
Radial coordinate for node IMX3, JMXBw,

Contain the axial coordinates of the
corner nodes, For a spherical bearing
their only function is to place the node
in the proper quadrant; thev need not be
accurate since they will be recalculated
to be sure that the node 1lies on the
pfoper circle. For a conical bearing they
will be used as input.

Axlal coordinate for node [i1MB, JI'NB,

*JI4XB is JilAX for the bearing and is internally calculated.

M



.
s e

L16 Axial coordinate for node IMNB, JMXB»,

L17 Axial coordinate for node IMXB, JMNB.
L18 Axial coordinate for node IMXB, JMXB*,

IMAX, JMAY
I

T

I MAX, JHIN

MXB, JHMB

IMNB, Ot IMIM, J1AY

IMIN,JMIHN MMB, JMMNB

-

Figure 1, Bearing Example

The complete geometry goes from IMIN,JMIN to IMAX,JNAX. Parts
A and C are attachment appliances on the ends of the bearing
B. The bearing 1Is defined between indices IMNB, JMNB and
IMX8, JMXB.

L19 TS thickness of the shim.

L20 NS number of columns in one shim,

L21 ISN number of shims,

L22 TE thickness of the elastomer.

L23 NE number of.columns in one elastomer.
L24 IEN number of elastomers.

L25-29 Not used at present.

*JMXB Is JMAX for the bearing and Is internally calculated.
31



L30 MS material number for shim.
Default of 1
| L31 ME material number for elastomer.
Default of 2
L32-49 Mot used at present.

L50-99 #**SHIMT shim thickness for each of the
shims {If not constant, Any value left
blank or zero will be replaced by the
constant value in L19.

L100=-149 **ELAST elastomer thickness for each
elastomer if not constant. Any value left
blank or zero will be replaced by the
constant value in L22.

L150-199 #**MATS material number for the shims If
not constant, Any value 1left blank or
zero will be replaced by the constant
value in L30,.

L200=-249 *#[JATE material number for the elastomers
if not constant. Any value left blank or
zero will be replaced by the constant

value in L31.

Grid Generator - The flag is GRID

L1 11

L2 Jl
These specify the region to be
generated, The generator used is
the Cook grid generator, and the
region specified inust be a closed
rectangular system in the |, J
plane.

L3 12

Lk J2 ]

#«Starting with JMNB and proceeding in order out to JMXB
74
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Ivpe of Material - The flag is TYPE

Each

of these records assigns a material number and

an element type to a block of elements. A material
property table must bhe input for each number assigned

here.
L1
L2
L3
L4
L5

Note that these are element indices.
1
J1
12
J2

Element type

The valid element types are:

L6
L7

L8

1 Axisymmetric with R and Z degrees of freedom

2 Axisymmetric with R, 6 and Z degrees of
freedom, Used for asymmetric loading.

3 Isoparametric quadratic element with three
nodes per side and R and Z degrees of freedom.

4 Element to he used on mode 0 of an
asymmetric 1loading run when theta loads are
used. Torsion in connection with radial and
axial loads.

5 Element to be used on mode 0 of an
asymmetric loading run when torsion Is the only
load. This element is much faster then type L.

9 HNull or void element. This type must be
assigned to the 1last node in each row and
column. It may also be used to define holes in
the material, It is automatically assigned to
the nodes on IMAX and JMAX.

Material number

Il = §if input, | will go from 11 to 12 in
increments of ||

JI = if input, J will go from Jl to J2 in
Increments of Jl
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Boundary Conditions - The flag is BOUN

Each record assigns boundary conditions
nodes,

to a set of

Ll 11

L2 Jl

L3 12

Lb J2

L5 R boundary condition codex

L6 R boundary condition value or harmonic
coefficient

L7 6 boundary condition codex

L3 @ boundary condition value or harmonic
coefficlient

L9 Z boundary condition codex

L10 Z boundary condition value or harmonic
coefficient

£11-12 not used at present

L13 Sliding boundary condition code, 0 or 1
only,

L1y Angle In degrees of the line the node must
slide on., See Figure 2.

L15 I if input, | will go from 11 to 12 in
increments of ||

L10 Ji if iInput, J will go from Jl1 to J2 in

increments of Jl

*The valld codes are:

0 - no boundary condition

1 - displacement boundary condition

2 - A nodal force Is to be applied. lodal
forces on the entire circumference,

b

forces are the



-

-kl'e;-&- J

> 2

Figure 2. Sliding Boundary Condition

Pressuyres - The flag is PRES

Each record puts pressure along a line of nodes. P
is normal to the element surface and S is parallel to
it. The values PR, PTH and PZ are traction loads in
the coordinate system and will decompose into
pressure and shear components internally.

L1 11
L2 J1
L3 12
Ly J2
L5 Direction code:

0 If the pressure is to be applied to the
elements to the 1left of the line moving
from point 11, J1 to point 12, J2.

1 if the pressure is to be applied to the
elements on the right.

See Figures 3 and 4,

Note: This code is correct for a
right-handed indexing system, For a
left-handed Indexing system, the codes
must be Interchanged. That 1is, 0 1Is
pressure to the right and 1 to the left.
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L6
L7
L3
L9
L10
L11
L12
L13
L1y
L15

P1
P2
Si
S2
PR1
PR2
PTH1
PTH2
PZ1
PZ2

Pressure at node 11, J1
Pressure at node 12, J2

Shear at node 11, J1

Shear at node 12, J2

Radial traction at node 11, Jl
Radial traction at node 12, J2
Theta traction at node 11, Jl
Theta traction at node 12, J2
Axial traction at node 11, Jl

Axial traction at node 12, J2
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Z,J

\\' 12,92
11,41 Cade &b 11,41 Code = 1
R, | -r, |
Figure 3. Right-handed Pressure Convention
R, |
R, |
\\‘ 12,42
11,47 Code = 1 11,41 Code = 0
ZIJ Z,J
Figure 4, Left-handed Pressure Convention
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Body Force Loads - The Flag Is BODY

L1 11

L2 Jl

L3 12

L4 J2

L5 Radial body force harmonic coefficient
(pw?)

L6 Theta body force harmonic coefficient (F)

L7 Axial body force harmonic coefficlient
(F/19

Jemperature Distribution - The Flag is TEMP

There are tvio ways In which a temperature
distribution may be applied in this program. Only
one form may be used in any one run,

A, Constant temperature over the whole body.

The first record must be the word CONSTANT
enclosed in single quotation marks. This
record must be followed hy one record of the
following form:

L1 The constant temperature
B. Radlus vs temperature tables

The flirst record must be the character string
Rvs T enclosed in single quotation marks.
This record will be followed by as many records
of the following form as necessary to
completely define the temperature of each

element:
L1 11 These are node point
L2 Jl indices which define
L3 12 the area over which

Q



*See Vol

L4 J2 _l this table applies.

LS R1

L6 Lp Temperature at radius R1
L7 R2

L8 T2 Temperature at radius R2

Material Properties - The flag is MATE

This program accepts isotropic materials only.

For nonstrain or temperature-dependent materials,
only one record Is entered for each material,

For materials that are strain or temperature
dependent, several records will he entered for each
material. One record must be entered for each entry
in the table. The material number and name need not
be entered on each record of the table. |If the table
is strain dependent, the strain value in the first
record must be nonzero and the table must be so input
that a zero strain value can be found. |f the table
is temperature dependent, the temperature value in
the first record must be nonzero.

L1 Material number

L2 Young's modulus (E) or large deformation
Kle

L3 Poisson's vratio (y) or large deformation
K2»

Ly Alpha for thermal loading

LS Temperature for which these material

properties apply if they are temperature
dependent.

L6 Strain at which these material propertles
apply |If they are strain dependent (large
deformation).

L7-9 A 24-character material name enclosed In
quotation marks.

Il for definition.
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HOTE: Due to special internal handling of material
properties, do not wuse L-Numbers 1in the input.
Always specify missing parameters by commas.

Selective Print Option - The Flag is SELE

This section may be used to ask for output of
displacements, stresses and material properties if
the overall output of those items has been suppressed
in the Output section. As many records as desired
may be entered.

L1 11
L2 Jl
L3 12
Ly J2

lnocremental lLoading - The Flag Is INCR

This section will cause the program to iterate,
applying a portion of the 1load each time and
accumulating the results.

L1 The number of increments (N) over which
the 1loads will be applied. |If this Is
positive, then the second record for this
set must be entered with N fractions on
it. If negative, the 1loads will be
applied in an arithmetic progression.

L2 If a nonzero value Is input, printout of
materlal properties, displacements and
stress/strains will be made each iteration
for those nodes specified by the selective
print. The complete output will be
printed on the final Increment unless the
print suppress flag, output option 1, is
turned on.

The following set of flags tells which loads will be
applied incrementally, |If the flag is zero, the load
will be applied in increments; if nonzero the full
load, if any, will be applied In each iteration.

L3 Pressure and traction loads PR, PTH and PZ
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L4

LS

L6

L7

L8

L9

L10
Incremental
This recor
be entered
negative.

L1
L2

Shear

Temperature

R body force

Z body force

R nodal load

Z nodal load

Nodal displacements
loading. fraction record

d must be entered if N Is positive and may
to override calculated values if N is

Fraction for 1lst increment

Fraction for 2nd increment

etc.

for N (max. of 100) increments

Large Deformation - The Flag Is LARG

This sect
iteration,
entered.

L1

L2

L3

L4-103

fon controls the large deformation
One record of the followling Fform must be

The number of the last iteration to be
allowed,

| f nonzero, printout of displacements will
be made each Iteration for those nodes
specified by the Selective print option.,

Convergence factor., Convergence Is
attained when the absolute value of the
largest change 1In displacements is less
chan this value.

The underrelaxation factors for iteratlions
1-99, The default value Is 1.0,
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Geometry Plots - The Flag is GEOM

This section 1Is used to request the plotting of the
geometry, either deformed or undeformed. Plots for
which the displacement multiplier 1is zero will be
produced during the Input phase at the time the plot
section 1Is encountered. It is possible to plot the
geometry at any point in its development by putting
geometry plot sections in at the desired points, such
as after the node records, etc.

Note that data will not carry over from one record to
the next in this section.

L1 Axls parameter option
1 Iif the R-axis 1Is to be horizontal to
the right
2 if the Z-axis 1Is to be horizontal to
the right

L2 11 N These indices define the region of

L3 Jl the geometry to be plotted.

L4 12

L5 Jz |

L6 The displacement multiplier. |If zero, the

original geometry will be plotted. |If
nonzero, the displacements will be
multiplied by this before being added to
the node coordinates for plotting.

L7 X-axis scale factor»

*The X and Y axes here refer to the paper rather than the
geometry., HNot all of these parameters need be entered. The
maximum and minimum values will be obtained from the data if
not specified. Also, both the scale factors and the paper
size need not be specified., The relation Scale = paper slize
/(Max - Min) will be used to find any missing data. The scale
factor will always be used if entered. |f the scale factors
are not input, they will be calculated to keep the plot on

the paper. |If the X paper size and scale factor are not
entered, the Y scale factor will he used for both axes.
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L8 Y-axis scale factors

L9 Minimum value on the X-axis#

L10 Maximum value on the X-axis*

L11 Minimum value on the Y-axis+

L12 Maximum value on the Y-axisw

L13 X-axis paper sizex

L1y Y-axls paper sizew

L15 The X location in inches of the beginning
of the title.

L16 The Y location in inches of the beginning
of the title.

L17 The letter size for the title in inches.

L18-19 Not used at present

L20-25 Up to 48 characters of plot title

information as an alpha string enclosed In
quotation marks.

Accumulation Control - The Flag is ACCU

This section must be entered only on the last case of
an asymmetric loading run. Under control of these
records the displacements and strains will be read in
for each mode and accumulated. The accumulated
output will be printed. It may also be plotted by
putting a geometry plot request after the desired
displacements have been calculated; thus there may be
several Accumulation and Plot sections alternating In
the input.

*The X and Y axes here refer to the paper rather than the

geometry. Not all of these parameters need be entered. The
maximum and minimum values will be obtained from the data if
not specified. Also, both the scale factors and the paper
size need not be specified. The relation Scale = paper size
/(Max = Min) will be used to find any missing data. The scale
factor will always be used If entered. |If the scale factors
are not input, they will be calculated to keep the plot on

the paper. |f the X paper size and scale factor are not
entered, the Y scale factor will be used for both axes.
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Note that to plot a transverse cut, | goes from 1 to
the maximum number of nodes in the Radial direction
and J goes from 1 to 19,

L1 Option Flag
1 Output will be an axial cut at angle 6.

2 Output will be a transverse cut at the
axial distance Z.

L2 6 or Z depending on L1,
Stability - The flag is STAB

This section 1is used to input the data for the
stabllity calculation. Run option 20 must be
specified for the calculations to be made. The stack
Is assumed to be a vertical stack heginning and
ending with a rubber pad; hence the number of shims
Is assumed to be one less than the number of rubber
pads,

L1 The thickness of each rubber pad.

L2 The thickness of each shim,

L3 The Iinside diameter of the stack If it is
cylindrical.

L4 The outside diameter.

L5 The number of rubber pads.

L6 The Young's modulus for the rubber pads.

L7 The convergence accuracy factor. When (1

- old buckling load/new buckling load) is
less than this value, the lteration has
converged,

L8 The maximum number of (iterations to be
allowed,

End of Harmonig - The flag is END

An end record must terminate the Input for each
portion of the run. This signals the program to stop
reading and solve the problem as defined.
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SAMPLE INPUT

Two cases are shown here. They are illustrations only and do
not necessarily reflect real problems.

Sample case 1 1is a flat bearing. It is set up In a
right-handed system. Figure 5 is a plot of the geometry, and
arrows have been drawn In to show the R, Z, | and J axes.
This 1Is purely a bearing with no additional parts added. The
output for this case is not given in this document since its
form is similar to that of case 2.

Sample case 2 is a spherical bearing with a steel attachment
on one end. It Is oriented in a left-handed system, Figure 6
is a plot of the geometry, and arrows have been drawn In to
show the axes. Note how the input sections are ordered to
achieve the desired results., The output from this case is
given here to show its form,
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SAMPLE PROBLEM 1

SAAPLE PROBLEM 1
GENERAL CATA
1o 1o 60 14 3
RUN 2
3 &
QuTPUT
8r 99 L& 3
BEBRING
Lo 60 Ls LBs 19 losr Co» Cor 3,Cs 3,00 O» 2.00 0o 2.Co
055’ ZD 2. 039 3! 3 H
BCUNOARY COND
ls Lo Llr l4e 1 O
1o 1o €5 1o G Co O» C» 1» O
8AOCY FORCE 3
Is Lo 69 % 0» C» 1C, ¢
ls &9 &0 & 3
Is 11s €0 14 3
1o 45 &» €o Q» 0» 3C.
o 95 €, 11 ¢
RATERIALS 3
1o L.CE6s o300s9es * SYEEL SHIM® ;
¢ 3C0er .496695,0» *RUBRER PZLCY ;
GECMETRY PLCT
1o Lo 1o €0 Léo Q00 300 3.0 =0232p =,3330000 1.Co 3.50 .12¢
L20 °*SAMPLE 1* ¢
le Lo Lo &0 Las 5,00 4ao 4ov Coo Coove 1.0 8.5¢ 120
L20, PDEFORNMED SAMPLE 1°*
ENC
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SAFPLE PROBLENF 2»

GENERAL COAT2

e Ls 65 1€
RUN 3

3e 4 9;
NCCES ¢

1s 1»

6s 1,
BEARING 3

1» 60 35 L8y

e3s 25 2

L INES 3

le Ls 60 1

1o 1o 1o 3

6s 1o €» 3
GRIO

Lo 1o 60 3 3
TYPE 3

0009 900
3.0! 900

SAMPLE PROBLEM 2

L1l C» 1 ¢

22 C» 1C.C»
02“0 3’ 3=

Lo 1o 80 2» 0 1 3

BCUNDARIES
le 20 1o lé¢»

1o Ls» €0 10 Dy

PRESSURE 3

Ls L6e 62 b

MATERIALS

1» 1.0Ebe <3900»
22 300.» +4966995,»

GECMETRY PLCY

2» Lo Lo &» 1690 Co
¢ SAFNPLE 2

L2C,

1» Q0 3

" 50.. Eo.

ENC OF HARMCNIC

SAMPLE
GENERAL DATA
s 1o 65 16
RUN ¢
3s &» 93
NCCES 3
le 1o

BEARING
Lo 60 30 LB
«30 25 20
LINES 3
s 1o &0 1
Le 10 1s 3
6o Lo 65 2

C.0» 9.C
6o ‘l 3.0’ 900

PRCELEM 2,
Lils 1 1 3

2o Cs 1C.Co
249 3, 32

O» 1sCe 1>

lt

Ce Co»

C

¢ STEEL *
RLBBER! ¢

2¢09 2.Co BeCro =1eCrooy
UNCEFCRMEL:

F

Csr Co»

RCTH FAxMCNIC 3

2.0' 3.C' lGQC'

IRST FARNMCNIC 3

3.Cv 300' lOOCI

L8

ZOC' 303'

lZ.Cn Q-OO

12.Co 9.00

lloOD

.‘Z [ 4

lloOD



GRID 3

1» 15 65 3 3
TYPE

1o lo 55 20 20 1 3
BCUNDARIES 3

12 1o 65 19 1s» O» 196Cr» 1» O 3

PRESSURE 3

éo 1o 60 165 O0» 100.» 100.3

RATERIALS 3
1o 1.0E60 <3900 *
2 300.0 496GG55,,
ACCURULATION
1» 0 3
GECRETRY PLOT 3
2s 1o Lo 69 160 5
L20, * SAMPLE 2
ENC OF HARMCNIC 3

STEEL * 3
*RUBBER®* 3

2¢09 2.Cr 8:.Cop -1.00s0s 2.C» 8,35 .12 »
OEFORPMED S5X°;
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SAMPLE 2 UNDEFORMED

&7,

Figure 6. Sample Problem 2
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SAMPLE OUTPUT

The output shown 1is for Sample Input Case 2. Some of the
pages are combined to save space, and in some cases the full
output 1Is not shown. Note that the input for the second pass
has been heavily abbreviated since most of it Is the same as
for the first pass.

Figure 7 1Is a plot of the deformed geometry with the
displacements multiplied by 5.

[ 3 ]
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SAMPLE 2 DEFORMED 5X

Figure 7. Deformed Sample 2
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APPENDIX A

Service Life Program

This program 1Is designated as S$3359SL. It is designed to
accept a tape or tapes created by S3359, when output option 20
has been specified, and accumulate a selected set of stresses
and strains.

The energy 1Is calculated for each element from the principal
stresses and strains as the accumulation is done.

The accumulated energy, stresses and strains and the principal
stresses and strains calculated from the accumulated stresses
and strains are printed out at the end of the run. The
locations of the highest energy and the highest value of the

principal stresses are printed out also.

lnout

When the S$3359 runs were made, a pair of integers giving the
date and time for each set of data put on the tape was written
out. To select the desired sets of -data from the tape for
accumulation, the date and time of each of the desired sets
must be input exagtly as they were written out and In the same
order as they appear on the tape.

The input is via FREFRM as follows:

Jitle - A title record that will be printed on the top of each
page of the output. This must be only one card,

Control Records
As many records as desired to select the data sets.
L1 The data as printed by S3359,
L2 The time as printed by $3359.
L3 The factor by which the stresses and

strains will be multiplied. The default
value is 1.0,

An end of fille stops the reading and accumulating and causes
the final output to be produced.
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APPENDIX B

S3359F Fourier Coefficient Generator

This program computes the Fourier series coefficients by use
of Trapezoidal Integration Formula, then fits the function
f(6) with a Fourier series curve fit. The output Includes a
set of cards containing the Fourier series coefficients In a
form compatible with the input requirements of program $3359,

The function to be fit with a Fourier series curve fit must be
either odd or even having period 2x. The integration for the
coefficients 1is performed over the interval [0,{] and then
multiplied by two. :

Preparation of lnput

The input 1Is read in in free form. (The rules of free-form
input are given in the 53359 document in detail.) The first
card Is a ¢title card. The second card contains data
specifying the symmetry of the function, the error tolerance
which Is compared with the least-squares error approximation,
the maximum harmonic which 1Is to be calculated, and a plot
flag specifying what is to be plotted. The next set of cards
contalins values of g and f(6) where 6 is in degrees.

Title Record
May contain any desired alphanumeric information

Control Record

|0EF IOEF=0 if f(8) Is even, 1 If f(6) is odd

ISYM Specifies the symmetry of f(6) as shown in
Tables B-1 and B-2

E Real number error tolerance allowed for
Fourier series curve fit

N Integer number specifying the maximum
harmonic to be computed. Maximum of
fifteen,

IPLOT IPLOT=0, no plot

73



IPLOT=1, plot all harmonics
IPLOT=2, plot final harmonic only
IPLOT=3, plot specified harmonics

tH(15) Integer number specifying harmonic
numbers to be wused 1in plotting.
Maximum of flfteen. Required only
for IPLOT=3,

Input Data Cards
e Real value of 6 in degrees
f(o) Real value of f(g)

The title card must be ended with a semicolon. All other data
is separated by commas and ended with a semicolon. In
choosing N and |IH, the user must keep in mind what type of

symmetry (10EF and ISYM) he is working with, For example, if
ICEF = 0, and ISYM = 1, only even harmonics are calculated

since the odd harmonics are zero. Hence, N and the values of
IH should be even.

If the Fourier coefficlents are to be computed for more than
one function, the data for each function is preceded by a
title record.

Many functions of interest contain some type of symmetry. In
these cases certain terms in the Fourier series will be zero
and therefore are not calculated. The function f, in this
case, Is always elther odd or even. The following rules of

symmetry apply.
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CLode
ISYM=0

ISYM=]1 or 2

I SYM=3

Lode
1SYM=0

| SYM=1

ISYMs=20r3

Note, for
ISYM=1, that
calculated,

most likely will

—

though only
some of these

EVEN FUNCTION
Table B-1

Eunction
f(6)=f(-0)

f(e)=f(180+6)=f(180-6)

f(6)-f(180+6)=~-f(180-06)

ODD FUNCTION
Table B=-2

Eunction
f(~0)==f(6)

f(e)=f(180+0)=-f(180-0)

f(e)=f(180-9)=-f(180+¢)

not be
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Eourier Terms
no sine terms
no sine terms;
no odd cosine
terms

no constant
term

no even cosine
terms

no sine terms

Eourijer Jerms

no constant
term

no cosine terms

no constant
terms

no cosline terms

no odd sine
terms

no constant
term

no cosine terms

no even sine
terms

example, in the case where the function is odd and
the even sin
might also be zero.
zero In the output but only small

terms are being

These numbers



(]
v

numbers. The user must decide whether or not they are zero.

Qutout

The entire input data is listed giving the FORTRAN name. The
computed Fourier coefficlents are written with a least-squares
error for the curve fit up to that particular harmonic. A
deck of cards containing the Fourier series coefficlients is
punched. The cards are punched in a form compatible with the
input requirements of Program S3359.

If a plot is specified, a plot of the Fourier series curve fit
is given on 12-inch grid paper. The actual curve is marked by
x;s, and the Fourler series curve fit is drawn with a solid
line.

Sample lnput
PRESSURE LOAD 1;

1,1,.001,12,3,2,12;
0.,2.;

45.,2.;

90.,2.;

90,-2;

135.,-2;

180.,-2;
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APPENDIX C

370 OPERATING INSTRUCTIONS

PROGRAM:  STRESS ANALYSIS OF AN AXISYMMETRIC BODY
WITH ASYMMETRIC LOADS
TAPES
Density
2iI5]18116)2]| 5818|2151 6]118] 2] 5]8}]1 21818118
Data Set
SERVLIFE
tlame
hnput/
output | 1 |(@) | 1] | 1| 6|1 | 06 |1]0
Reserve
List
Scratch(iinlsc R [Lbec |rllsc|rlelsclr [ be
CARD OUT YES @
PLOTTER YES @
ERROR PROCEDURE: Flush

ESTIMATED MAXIMUM RUNNING TIME:

SPECIAL INSTRUCTIONS: None

17

See user request
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