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Abstract

For finite element calculations the mesh of the structure has to

be generated. This is a tedious operation when large structures
with a fine subdivision into elements are involved or when the mesh
generating process has to be done manually. A computer program was
therefore developed which automatically generates the mesh for solid
structures discretisized on a rough scale by very few macroelements.

The subdivision of the macroelements into microelements, the calcu-
lation of the coordinates of the micronodes and the correlation of
the nodes to the microelements are carried out automatically with
the computer program.

The calculations are based on the 20-node isoparametric solid
element. With the program it is possible to take void elements and
elements with different material properties into account. An example
is given which illustrates the calculation processes.

A printout of the program is included.
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1. MESH GENERATING PROGRAM REQUIREMENTS

For the static and dynamic calculation of spatial structures by means
of SAP [1] the structure has to be divided into finite elements. Many
structures can be sufficiently well represented by just a few large
elements (macroelements) prior to deformation. Subdivision into finer
elements (microelements) can be done by an automatic method. In pre-
paring such a general mesh generating scheme, one should take the
following points into account [2]:

a) The structure should be completely represented by finite elements
of the same kind.

b) Allowance should be made for regions with different materials.

c) The mesh should be such as to represent the real structure as
closely as possible. Macroelement surfaces, which are joining
surfaces are called "identical surfaces" (see Fig. 3a, macro-
elements 7 and 5). For gaps in the structure one defines "void
elements" (see Fig. 3a, macroelements 6, 8, 9, 11 and 12).

d) The structure should be represented by finite elements of suitable
shape which do not Tead to poor numerical conditions.

e) The system should be numbered to provide favourable calculation
conditions in SAP (e.g. the bandwidth of the stiffness matrix
should be a minimum).

The MESHGEN computer program was written for mesh generation meeting

these requirements. It is described below.

2.  DESCRIPTION OF PROGRAM STRUCTURE

2.1 Isoparametric representation

The real structure, which is represented by macroelements (hexahedron,
see Fig. la) with 20 macro-nodes each, is entered into the MESHGEN
program. This real structure is subdivided into micreelements each with




20 micronodes in accordance with the requirements listed. To subdivide
curvilinear bodies, it is particularly advantageous to use iso-
parametric elements instead of elements with straight boundaries.
The shape of the isoparametric elements is described by suitable
(shape) functions (polynomials as a rule), which allows good spatial
fitting to the given real structure. By means of these functions the
shape of a curvelinear body is transformed to one with straight
boundaries. In isoparametric representation by hexahedrons [3 , 4]
each real element is mapped onto a (z,n,& ) coordinate system with
.15 €€1,-15n51and-1%¢&°%1 (see Table 1). 20 nodes
according to Fig. la are used to define the element.

Node Coordinates Characteristic node
values acc. to (3)

. Ty Ny, ) Co

1 1 1 1 111
2 1 1 -1 111
3 1 -1 -1 111
4 1 -1 1 111
5 -1 1 1 111
6 -1 1 -1 111
7 -1 -1 -1 111
8 -1 -1 1 111
9 | 1 0 110
10 1 0 -1 101
11 1 =1 0 110
12 1 0 1 101
13 -1 1 0 110
14 -1 0 =4 101
15 -1 = 0 110
16 -1 0 1 101
17 0 1 1 011
18 0 1 -1 011
19 0 -1 -1 011
20 0 = 1 011
21 0 0 0 000
22 0 0 1 001
23 0 0 -1 001
24 0 1 0 010
25 0 “ 0 010
26 1 0 0 100
27 -1 0 0 100

Table 1  (&,n,z) coordinates of the unit element according to Fig., 1b




The geometry of a structure is determined by the:

a) fixing of the macronodes: The macronodes are given in the space
(X, Y, Z) and continuously numbered (see Sect. 4.1, point 7).

b) description of the macroelements: The macronodes are assigned
to the continuously numbered macroelements according to certain
ruels (Fig. la) (see Sect. 4.1, point 8).

c) key diagram: This determines the arrangement of the macroelements
in the space (£,n,z), in which the macroelements have straight
boundaries (see Figs. 2a and 3a).

By means of the shape function [4] it is possible for a macroelement
with 20 nodes to calculate the (X, Y, Z) coordinates of a point
(8,n,z) according to the formulae

20
X=,5, Ny X
20
Y& T WY, (1)
20
Z= L M.

The shape functions N, are

e

Ny = g(1+EEy) (1+mng) (1+ zzy) (88, +nng+zz,-2) for & = 1(1)8,
N, =3(1-£%) (1+ mmy) (1+ cg,) for & = 9(2)15,

N, =3(1-n%) (1+ £g;) (1+ zz,) for & = 10(2)16,

N, =7(1-c%) (1+ €g;) (1+ mny) for ¢ = 17(1)20.

The values EE’ ny and g, are the node coordinates of a unit element
according to Table 1, and the values (XE, Yﬁ, ZE) are the macronode
coordinates of the real structure.

For subdivision the isoparametric macroelements corresponding to the
real structure are split into the required number of microelements
(the number can vary from macroelement to macroelement) in the &,
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n and ¢ directions and the (X, Y,Z) coordinates of the corresponding
real micronodes are determined according to eq. (1).

2.2 Definition of a structure by macroelements

In defining a transformed structure, one starts with the macroelement
located at the bottom left of the front of the key diagram (Fig. 2a).
The subsequent numbering is consecutive first in the positive
£-direction, then in the positive n-direction and then in the positive
r-direction. "Void elements" are defined so that complicated structures
can also be entered. A macroelement is said to be "void", i.e. not
present, when no(X, Y, Z) coordinates are given for at least one of

the nodes 1 to 8 (corner points of a macroelement) or a material

with the index "0" is given. For each macroelement one can choose

a material number (see Fig. 3b) which is transferred to its micro-
elements. The nodes 9 to 20 (centres of the boundaries of a macro-
element) are interpolated linearly (Fig. 2b) if no (X, Y,Z) coordinates
are assigned to them. If one wants to subdivide a straight boundary

of a real structure into microelements of varying fineness, the

(X, Y, Z) coordinates of the subdividing nodes can be given outside

the centre of the two adjacent nodes. Consequently, this boundary

is not equally subdivided (see, for example, Fig. 3c, boundary K).

In the case of real structures with curvilinear boundaries it should

be ensured that the shape functions replace the boundaries of the
macroelements by parabolae. The positions of the nodes 9 to 20 of a
macroelement may have a strong influence on the shape of the para-
bolae. If this influence becomes too strong, it is advisable to use

a large number of macroelements,

In defining a structure by macroelements, it is necessary to give the
number of these. For this purpose we introduced the notations

number of macroelements in the E-direction,

g
Nn = number of macroelements in the n-direction,
NC = number of macroelements in the z-direction.

The description of the macroelements is checked in the program for
the correct connection between adjacent macroelements. These
connections are determined by the key diagram. The suitability of




the geometric shape of a macroelement is checked by calculating its
Jacobian determinant (2) at the point £=n=z= 0. The value of the
Jacobian determinant has to be greater than zero since the Jacobian
determinant

X T 1 4
X Y i
Nl,E,NZ,E, ....... ’N20,g L 2 2
[J] = Nl,n’Nz’n’ ....... ,N20,n (2)
N N N * ’
1ol B4 E, " 20,z
X20 Y20 %20
with
- aNg L
Ng,g‘ 3z for £ = 1(1)20,
e am for 2 = 1(1)20,
= aNg _
Ni,c_ 3T for 2 = 1(1)20,

is the basis for calculating the volume of a finite element and there-
fore has to be larger than zero for every point (£,n,z) within an
element [5]. A value of the Jacobian determinant not larger than zero
indicates an unrealistic shape of macroelement. When a macroelement
is of unrealistic shape, the calculation of the micronodes and the
description of the microelements are not carried out. For checking
purposes the macrostructure can be plotted in (X, Y, Z) coordinates.
This involves Tinear interpolation between the nodes so that the
positions of the nodes become visible.

2.3 Calculation of microelements

2.3.1 Calculation of nodes for microelements

e e e e e = e L L e LT

To subdivide a structure, one defines the subdivision vectors V
Vn’ and VC
which a macroelement is subdivided in the respective direction.

E’
» whose components give the number of microelements into

The macroelement surfaces are oriented by introducing the indices
I, J, and K (I in the E-direction, J in the n-direction and K in the




z-direction (see Fig. 2a). If the macroelement according to Fig. 2c is
regarded as the first macroelement in a structure, the numbers enumerate
the microelements. The components of the subdivision vectors are then
g 1 =3,V e, 2 and V £l " 2, i.e. the macroelement is subdivided
into 3 m1croe1ements in the g-direction, 2 microelements in the
n-direction, and 2 microelements in the z-direction (making a total
of 12 microelements). VE,I js thus the number of microelements into
which each I-th macroelement is subdivided in the g-direction. By
analogy the same applies to V . o and V K The number of micronodes
for the microelements into wh1ch the N th macroelement (where
N=T+ ((9-1) + (K-1)*N;) N, with 1213\ N, 1 2= N,, and
1-K- NC),with the subdivision components (VE,I’ Vn,J’ V;’K) is
subdivided is given by (2 'VE,I + 1) (2° Vn,J + 1) (2 -‘.ig’|< * 1)
where all 27 nodes per microelement are taken into account, as shown
in Fig. lc. To enquire in the program which nodes are needed for
describing the microelements, the characteristic node values C (see

Table 1) is calculated according to the following formula:
C = 100 (k mod 2) + 10+ (j mod 2) + (i mod 2), ) (3)
where one has
= 1(1) (2 'VC,K+1)’ j=11) (2°V +1) and i = 1(1) (Z'Vg,1+1).

The values of C = 100, 010, 001 and 000 indicate(see Table 1) that

the node is located either in the centre of a surface of the structure
(2 = 22 % 27) or in the centre (£ = 21) of a microelement and is not
required for describing a structure. The coordinates of the nodes are
calculated by means of the shape functions (1). The &, n and T values
are calculated with the k, j and i values of the respective node in

*) pr =b mod m denotes that r is the remainder in the division E.
For m = 2 one has
0, when b is even,

1, when b is add.

r‘:

The remainders of k, j and i mod 2 are combined in the value C
as a decimal number which illustrates well the position of the
corresponding node.




accordance with

g =<1+ (i- D/,
n =-1+ (J = 1)/VT],J’ (4)
¢ o= -l+ (k= DAV .

The Xg, Yg, Zz values in eq. (1) are replaced by the coordinates of
the respective macroelements.

The number A of microelements is determined from

NE. Nn- NC 0 for a "void" macroelement
= ; ” (5)
A= S 1 ay» with ay Ve (Y, g Yy for "non-void"
N= ’ ’ s

macroelements,
where
N=1T1+ ((J-1) + (K-1)° Nn) : Ng
with
I = l(l)NE, J = 1(1) Nn and K = 1(1)N€.

Each microelement is described by a certain configuration (Fig. la)
of 20 nodes. The description of the microelements is compiled in
the matrix Em,l with 2 = 1(1)20 and m = 1(1)A by entering the node
indices for every m and £ . As a node can be assigned to up to 8
microelements, it is advantageous to calculate each node only once
and assign it to the corresponding microelements. This is done for
the quantity C (:3) according to Table 2. First we have to find the
2 values which are assigned to the C value. The m belonging to
these £ values is then determined to construct the matrix E. In
determining m in the N-th macroelements one start first with
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m= 1+ (i-1)/2 + ((§-1)/2 + (k=1)/2* No)* Ne+ %Li B (6)
The combination of m and £ is now checked for its validity according
to Table 2, which shows in which direction from the node the m-th
microelement has to be located. If the condition is not satisfied,

m is corrected to the direction which satisfies the condition.
Finally, it is checked to see whether the new microelement m is
located within the structure.

For the purpose of joining surfaces ("identical surfaces") which are
not adjacent in the key diagram we introduced the freely selectable
quantity e. Nodes which satisfy the condition

(P Dy Tyl Y2 0 (2, 5 20y S e with (7)

1 J i J 1 J J

are assumed to be identical, i.e. these nodes are only stored once.
For € = 0 the above condition is not checked, and so in this case
several nodes with the same coordinates may exist.

The numbering of the nodes has a direct influence on the bandwidth of
the stiffness matrix in the SAP program and thus governs the computing
time. It is therefore advantageous to achieve optimum numbering of

the nodes. This is done by numbering the nodes first in the direction
with fewest nodes. For this purpose it is necessary to define the
following functions:

Ne
S AL 20k Ve g sum of the nodes in the £-direction
I=1 i
Nn
52 =1+ Z'ng Vn,d n-
(8)
NC
S, =14+ 2° Z v " noon " e 3 0y e
3 k=1 ©°K
el ith i = 1(1) (2-V_ . +#1) and 1 S 1_SN
Q =i+2 3V i L R T 3

Y number of the i-th node in the I -th
macroelement surface in the &-direction




<.
Q= j + 2 JE;I v ith i = 1(1) (2°V. . +1) and 1 5 J <N
2 = £ o Math &= (L) (2N, gEl) an n
number of the j-th node in the J,-th (9)
macroelement surface in the n-direction
Qa=k +2 - KE;l v ith k = 1(1) (2+ V. , +1) and 15K SN
3 K=1 g w1 = 1(1) ( z,Kn ) and 1-K, z

number of the k-th node in the Kn-th
macroelement surface in the Z-direction

The function values S are checked to find the indices of £, m and n
for which the condition

Sg =S, =S, (with1523, 1 m<3,15n%3and2#4mskn)

is satisfied. By means of the functions S and Q and the indices £, m
and n a number Kyp is calculated for each node according to the formula

Kng = Qg *+ Sgo(Q - 1+ S, +(Q, - 1)). (10)

The values of KNR are between 1 and KNR Wi = Sl- 52- 33. When the
nodes are arranged in ascending order of their value KNR’ one obtains
the most favourable bandwidth. As not all of the nodes are required,
the vector KNR finally has to be renumbered from 1 to P (P = number
of nodes required). This numbering has to be transferred to the matrix
E of the description of the microelements.

Node 2 Microelement in the negative Yalue of nods ©

C-direction n-direction E-direction

1 i 4 T 111
2 T 1 F 111
3 T F F 111
4 T F T 111
5 F i § I 111
6 d | F 111
7 F F F 111
8 F F T 111
9 T T 0 110
10 T 0 F 101
11 T F 0 110
12 ik 0 i3 101
12 F T 0 110
14 F 0 P 101
15 F E 0 110
16 F 0  § 101
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17 0 T T 011
18 0 T F 011
19 0 F F 011
20 0 F T 011

T = true, F = false, 0 = this direction not required

Table 2 Boundary conditions of the nodes

3. EXAMPLE OF APPLICATION

An example [2] of the possibilities available for subdividing a mesh
is presented in Fig. 3. To obtain a better overall view, only one
macroelement was used in the n-direction and Fig. 3b and c was only
drawn in tow dimensions for the plane n = -1. In the key diagram in
Fig. 3a the macroelements are clearly represented in (&,n,Z)
coordinates and used for the input points 1 to4 (Sec. 4.1). The zone
diagram in Fig. 3b, as a sketch of the structure in Cartesian
coordinates, is suitable for

a) determining the subdivision into macroelements

b) entering the numbering of the nodes

c) defining regions with meshes of various density by giving nodes
outside the centres of the boundaries of macroelements

d) giving "identical surfaces"

e) assigning various materials

f) compiling the input points 5 to 8 (Sec. 4.1).

The mesh subdivision in Fig. 3c shows the final subdivision of the real
structure into microelements. One boundary of a macroelement 1is
determined by three macronodes (two end nodes and one centre node).
If the centre node is equidistant from the two end nodes, the boundary
is evenly divided (Fig. 3c, boundary G). Progressive subdivision
(increasingly fine division) is achieved by shifting the centre node
in the direction of the finer subdivision (Fig. 3c, boundary K).




=11

Furthermore, it can be seen in Fig. 3c that the "identical surface"
of macroelements 5 and 7 have to have the same node coordinates in
both macroelements. This means that the subdivision vector components

Ve, 2
elements fit together.

and V€ 3 have to be equal (VE 9 = v = 4) so that the micro-

£,3
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FIGURE CAPTIONS

Fig. 1 Node numbering of a 3-dimensional solid element
a) Basic shape of a finite element (20 nodes)
b) Basic shape of a finite element (27 nodes)
c) Representation in Cartesian coordinates

Fig. 2 Numbering of the macroelements
a) Key diagram
b) Structure
0 given nodes
a interpolated nodes
c) Numbering of microelements for the first macroelement

Fig. 3 Sample subdivision of a structure into finite elements
a) Key diagram - void zones hatched
b) Zone diagram (n =-1, front)
0 given nodes
0 given nodes for mesh subdivision
] interpolated nodes
c) Mesh subdivision (n = -1, front) - origin 0 (X=0, Z=0)

Fig. 4 Flowchart MAIN-Program
Fig. & Flowchart TRANS-Subroutine
Fig. 6 Flowchart PUNKT-Subroutine
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START

Definition o
constants and
initialvalue

and the vector of desired subdivision
1

Y
Fixing the numbering

of micronodes

[ Read :Number of macroelements (NMEL) /

Read: Macronodes and
macroelementdescriplion

Y

Write:Inputdata

[

Detine void
elements

Y
/Plnt' Hucruelemenls]

Checking the
arrangement of
macroelements

00 JC=1, MEL ’

Py

hat |
Complete the nodes and

compute the Jacobian-deter-
minant of the macroelements

i

CALL TRANS CALL PUNKT

Arrange the
micronodes

v

Determine the
bandwith and
Jacobian-determinant
of the microelements

.

Write: Micronodes and
microelement description

END

MAIN-Program
Fig. 4
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( START )

Determine the
number N of

micronodes of the
macroelement

00 I=1.N

Compute the
(C.m.E)-coordinates

Determine the
characteristic
node value C

no

Compﬁte KNR
for node
numbering

Is this

node al- ye

ready com-
puted ?

no
Determine

node
number

i
Compute the
shape-tunctions
and (X,Y,2)-
coordinates

CALL PUNKT

\
<

Subroutine TRANS

Fig. 5
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( START )

Determine
loop-consiants
MA ME and MS
accoording to
the node
value C

DO M=MA,MEMS

—»

Determine the
probable micro-
element number

*

Control the micro-
element number
inC-direction

and change it

if necessary

Control the micro-
element number

in m-direction and

change it if neces

Control the micro-
element number
in E -direction and

change it if neces

Register the node
number in the
element-description

RETURN Subroutine PUNKT

Fig. 6
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4. APPENDIX
4.1 Input for MESHGEN
1. Control card: NMKP, NMEL, NC, NR, NS (1415)
NMKP number of macronodes
NMEL number of macroelements
NC = NE 1 W in theg -direction
NR = Nn " Tt " " p -direction
NS = N " non w o T _n
C

2. Card for subdividing in the g-direction: (NUVC(I), I=1,NC) (14I5)

NUVC = V subdivision vector of the macroelements in the &-

gl
direction

3. Card for subdividing in the n-direction: (NUVR(I), I=1,NR) (14I5)
NUVR = Vn J subdivision vector of the macroelements in the
n-direction

4. Card for subdividing in the z-direction: (NUVS(I), I=1, NS) (14I5)
NUVS = VC subdivision vector for the macroelements in the
C-direction

5. Card for joining node points: EPS (GE12.5)
EPS = € smallest permissible distance between two nodes in
microelements. For smaller distances the nodes are

merged. For EPS = 0 the nodes are not checked for

equality.
6. Material card: (MTRL(K), K=1, NMEL) (1415)
MTRL vector of the material numbers

MTRL(K) = 0 denotes that the K macroelement is void
MTRL(K) # O gives a material number

7. Cards for macronode coordinates: IC,(XYZM(IC,J), J=1,3) (I5,3F10.5)
IC node number (IC = 1(1) NMKP)
XYZM node coordinates X, Y and Z
(One Tine 1is entered for each node)
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Cards for describing macroelements: IL,(IMEL(IL,L),L=1,20) (I5/(10I5)
1L macroelement number
IMEL(IL,L) description of the macroelement by the indices of
the 20 nodes (L = 1(1)20). At IMEL(IL,L) = O the
IL-th element is void for L <9, and for L > 8 the
nodes are linearly interpolated. (Three cards are
entered for each macroelement).

4.2 Important variables in the program

a)

b)

COMMON /AA/ XYZ(20,3), NK1, NE1, ND1, AKSEL(3,20), IKNR, KA, JA, IA i

XYZ coordinates of the particular macroelement with
interpolated intermediate points

NK1 = 2 Vg I number of nodes in the E-direction
]
NE1l = 2 Vn J number of nodes in the n-direction
]
ND1 = 2 VC K number of nodes in the Z-direction
AKSEL unit element
IKNR = P number of micronodes
KA start index within a macroelement for subdivision in
the E-direction
JA start index within a macroelement for subdivision in ?
the n-direction
IA start index within a macroelement for subdivision in

the ¢-direction

COMMON /BANDBR/ KNPNR (2000), XTOP (3,2000), MSUM (3), MMG (3),
MG (3), MT (3,6), MF

KNPNR = KNR micronode number
XTOP micronode coordinates

MSUM = Si number of nodes in the £-, n- and z-directions

.



d)
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MMG = Q. node number in the &-, n- and z-directions for
macroelements

MG = Q; node number in the -, n- and z-directions for
microelements

MT table for numbering

MF numbering case treated

COMMON /PKT/ JMEL (250,20), MELANZ (25), JC, NC, NR, NS, NUVC (10),
NUVR (10), NUVS (10), MK, MJ, MI, K, J, I, KJI, MLEER (25)

JMEL = E description of microelements by indices of the 20 node
coordinates (2 = 1(1)20 and m = 1(1)p

m,%

0 for a void macroelement
JCc-1
MELANZ(JC)= 1 ay> where ay=
N=1 Vg I.Vn J'VC K for all other macro-
* : *" elements

(I=1(1)NC, J=1(1)NR, K=1(1)NS and N=I+((J—1)+(K-1)°Nn)'Ng)
JC index of the actual macroelement
NC, NR, NS, NUVC, NUVR, NUVS see input data

MK, MJ, MI  actual indices for macroelement

K, Jd, I actual indices for microelement
KJI = C characteristic value of a node
MLEER indicator for void macroelements

COMMON /PLOT/ XYZM (200,3), IMEL (25,20), NMKP, NMEL

see input data
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e) General quantities

INTEGER  INT1(8), IM1, IM2, ID(8,3), NFG(8,2,3), KNPMAX
REAL JAC (3,3)
LOGICAL  MLEER, JACDET, LORD

INT1, IM1, IM2 indices for linear interpolation of intermediate

points

ID indices of the nodes required for Jacobian
matrix

NFG table of indices, which are adjacent when the

macroelements are properly ordered

KNPMAX = K maximum number of nodes

NRma x
JAC Jacobian matrix
JACDET .TRUE. if det(JAC)> 0 and .FALSE. if det(JAC) Zo
MLEER see COMMON /PKT/
LORD .TRUE. if the macroelements are properly ordered

f) Quantities in subroutine TRANS

REAL TN (20)
INTEGER KJIT (4)

TN shape functions

KJIT table of KJI values not required

g) Quantities in subroutine PUNKT

INTEGER MU (3,4)
LOGICAL LR 620), VR (20), GR (20)



h)

4.3
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MW table of loop parameters for KJI
LR lTogical table for left boundary
VR logical table for front boundary
GR logical table for base
Quantities in subroutine PLOTMK
INTEGER IR (7,4)

IR table of node sequence for plotting

FRAME, SCALE, PLOTL plot programs

Output of MESHGEN

Control printout of input data stating the maximum number of nodes
(KNPMAX) and the numbering case (MT(I,MF), I=1, 3) for the micro-
nodes

Specification of the macrostructure stating void macroelements and
checking of the ordering of macroelements

Complete coordinates of macroelements with Jacobian matrix and
determinant forg=n=1r= 0

Coordinates of the micronodes with degrees of freedom. Translation
is permitted (AX # 0, AY # 0, AZ # 0), while rotation is not
(88y = 4By = AQZ = 0).

Description of microelements by indices of the 20 micronode
coordinates stating the bandwidth and Jacobian determinant for
E=n=1cr= 0 of the microelements for the purpose of checking.




o=

Additional output of micronode coordinates with degrees of freedom
and description of microelements by indices of the nodes on Logical
Unit Number 7 (standard punch unit) in card image format. This
output is designed for processing with the SAP program. Only the
degrees of freedom for translation (AX, AY, AZ) have still to be
completed. For all nodes for which AX = 0, AY = 0 or AZ = 0

(fixed points), the "0" has to be replaced by a "1" (see program
description of SAP). The node forces required for SAP are calculated
with the SHAPE program [6] from given volume forces.

The following calls in the output shold be noted:

a)

b)

d)

%%ERROR IN THE NUMBERINGH**

This message means that either the nodes (IC = 1(1)NMKP) in card 7
or the macroelements (IL = 1(1)NMEL) in card 8 of the input are
not consecutively numbered.

##% NO GENERATION OF MICROELEMENTS i %
%% EITHER JACOBIAN DET..<= O OR WRONG ARRANGEMENT OF THE |
MACROELEMENTS

This message appears when the program is terminated and no micro-
elements are produced.

##f% ELEMENT - NO. .... IS A VOID ELEMENT #s#:

The void elements should be checked because MTRL (NO) = 0 or
IMEL (NO,L) = 0 for L < 9 gives rise to this message.

In the table "CONNECTION OF THE MACROELEMENTS" the following message
may appear alongside on the right: WRONG CONNECTIOQN #:#=

This means that the numbering of the nodes is faulty and is not
in keeping with the structure given in Fig. 2.
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4.5 List of the Program MESHGEN

C THIS PROGRAM SUBCIVIDES A THREE DIMENSIONAL STRUCTURE GIVEN BY

L MACROELEMENTS INTO SMALLER MICROELEMENTS

C JUR :F2.MESHGEN

C NECESSARY SUBROUTINES :

C TRANS : COMPUTATION OF THE COORDINATES OF THE MICRONODES POINTS
C PUNKT : CORRELATION OF THE MICRONODES TO THE MICROELEMENTS

C PLOTMK : LINEAR PLOT OF THE MACROELEMENTS

c INPUT :

C l. CARD : NMKp,NMEL,yNC,NR,yNS (1415)

C NMKP = NUMBER OF MACRONODES

C NMEL = NUMBER OF MACROELEMENTS

C NC = NUMBER OF MACROELEMENTS IN THE KSI - DIRECTION

c NR = NUMBER 0OF MACROELEMENTS IN THE ETA - DIRECTION

k- NS = NUMBER OF MACROELEMENTS IN THE ZETA - DIRECTION

C 2. CARD : (NUVCI(I),I=1,NC) (141I5)

C NUvC = SUBDIVISICN VECTOR OF THE MACROELEMENTS OF THE

C DIRECTION KSI

C 3. CARD : (NUVRI{I),sI=14NC) : (1415)

C NUVR = SUBDIVISION VECTOR OF THE MACROELEMENTS OF THE

C DIRECTION ETA

C 4. CARD : (NUVSI(I),I=1,NC) (1415)

C NUVS = SUBDIVISION VECTOR OF THE MACROELEMENTS OF THE

C DIRECTION ZETA

C 5. CARD = EPS (6E12.5)

C EPS = SMALLEST PERMISSIBLE DISTANCE BETWEEN TWO NODES.

C FOR SMALLER DISTANCE THE NODES ARE MERGED.

C FOR EPS=)Q THE NODES ARE NOT CHECKED FOR EQUALITY.

C 6. CARD : (MTRLI(K),K=1,NMEL) (1415)

C MTRL = VECTOR OF THE MATERIAL NUMBERS

C = 0 : VOID ELEMENT

C —~= 0 : MATERTAL NUMBER

C 7. CARD =z IC,{XYZMII,J),J=1,3) {I5,3F10.5)
C IC = NODE NUMBER (IC=1,NMKP)

C XYZM = NODE COORDINATES X , Y AND Z

C { ONE LINE IS ENTERED FOR EACH NODE )

C 8 CARD : IL,(IMEL{JG,L),L=1,22) (I5/7(1015))
C IL = MACROELEMENT NUMBER (IL=1,NMEL)

C IMEL = DESCRIPTION OF THE MACROELEMENT BY THE INDICES OF THE
C 20 NODES. FOR IMEL(IL,L)=0 AND L<9 , THE ELEMENT IL IS
C A vOID ELEMENT. FOR IMEL(IL,L)=0 AND L>8 THE NODES ARE
C L INEARLY INTERPOLATED.

C { THREE LINES ARE ENTERED FOR EACH MACROELEMENT )

C QUTPUT =

C l CCNTROL PRINTOUT OF INPUT DATA STATING THE MAXIMUM NUMBER OF
C NODES , NUMBERING CASE OF THE MICRONODES AND OF THE MATERIAL
C NUMBERS.

C 2. SPECIFICATION OF THE MACROSTRUCTURE STATING VOID MACRO-

C ELEMENTS AND CHFCKING OF THE ORDERING 1NF MACROELEMENTS.

C 3. COMPLETE COORDINATES OF MACROELEMENTS WITH JACOBIAN MATRIX

C AND THE DETERMINANT FOR THE POINT KSI=ETA=ZETA=0.

C 4, COORDINATES OF THE MICROELEMENTS WITH DEGREES OF FREEDOM

C { TRANSLATION IS PERMITTED , ROTATION IS NOT PERMITTED )

C 5. DESCRIPTION OF THE MICROELEMENTS BY INDICES OF THE 20 MICRO-
C NODE COORDINATES STATING THE BANDWIDTH AND JACOBIAN-

C DETERMINANTE FOR THE POINT KSI=ETA=ZETA=0.

C 6. ADDITIONAL OUTPUT OF THE MICRONODES AND MICROELEMENTS TO

C //G.FTGTFO01 DD (DCB=({RECFM=FB,LRECL=8J,BLKSIZE=2240))




=28~

COMMON /AA/XYZ(2043)sNK1 4NE1 ,ND1 ,AKSEL(3,20),IKNR,KA,JA,IA
COMMON /BANDBR/ KNPNR (500301} ,XTOP(355300) yMSUM(3)4MMG(3),MG(2),
> MT(3, 6)4MF
CCMMON/PLOT/ XYZM(200,3) s IMEL{25520) s NMKP,NMEL
COMMON/PKT/JMEL(533+20) y MELANZ(25) 3JC ¢NCyNRy, NS, NUVC{25) yNUVR(25),
> NUVS(25) MKy MU MI s Kedy I yKJI s MLEER(25)

INTEGER*4 INTLI(B)/2,2 +%4,1,6,7,8,5/,1D(8,3)/13912414,16417,18419423
>99511913,155,17418419,2049,10,11,12+134514915916/,NCRS(3),JCIUK(3),
> MIJK(3),NFG(8B,2,3)/1,12,4,20,8,16+5317 3 2:1043319:7214,6+18
> 1199929183091 395+17 4 491143419,7,15,8,13
> 917992,10,3,11,4+512 4y 5+13,6, 149791598516/ sMTRLI25)/25%0/

LOGICALx1 JACDET/TRUE</,LORD/«TRUE./

LOGICAL MLEER TEXT(B)/'KSI"y "ETAY ' ZETAY,"A? , ' [?,3C TR 151/

REALx4 JAC(3,3)/9*0.0/

EQUIVALENCE {NCRS({1)sNC)y (NCRS[2)NR) s (NCRS{3)yNS) IMIUK(1),yI1),
> (MIJK({2),J1), (MIJK(3),K1)

C READ IN OF THE MACROSTRUCTURE AND CHECKING OF THE INPUT
READ(5,10J3,END=2303) NMKP,NMEL¢NC,NR,NS
WRITE((:,ZOOlNMKP,NMEL,TEXT(I),TEXT(bl,NC,TEXT(Z),TEXT(?! s NRy

> TEXT(3), TEXT(8),NS
READ(5,100) (NUVCI{I),I=1,4NC)
READ(5,100) {NUVR({J)sJ=14sNR)
READ(5,100) (NUVS(K) 3sK=1,4NS)
REAC(5,103) EPS
READ(5,100) (MTRL{K) yK=14NMEL)
DO 17 I=1,NC
17 MSUM(1)=MSUM{1)+2*NUvC(I)
DO 18 J=1,NR
18 MSUM{2)=MSUM{ 2)+2*NUVR({J)
DO 19 K=1,4NS
19 MSUM(3)=MSUM(3)+2*NUVSI(K)

IF{MSUM{1) .GTMSUM(2)) MF=MF+2

IF{MSUM{1).GT.MSUM({3)) MF=MF+2

IF{MSUM{2) s GTMSUM(3)) MF=MF+1

KNPMAX=MSUM(1 )*MSUM(2 )*MSUM(3)

WRITE(65201) TEXT(6),(NUVC(TI),I=1,NC)
WRITE({69201) TEXTU(T) s {NUVR(J)yJI=1,4NR)
WRITE(6,201) TEXT(8),{NUVS(K),K=1,NS)

WRITE(6,210) EPS, MSUM,KNPMAX ¢MF, (MT{L ,MF),L=1,3)

WRITE(64123) TEXT(4)

DO 97 1=1,NMKP
READ(5,101) ICy (XYZM{T,4d)sd=1,3)
IF(IC.NE.I) GOTO 1000
97 WRITE(65121) 14 (XYZM(I ¢J) +d=1,43)

WRITE(6,204) TEXTI(4)

JG=1

DG 99 MK=1,NS

DO 99 MJ=1,NR

DO 99 MI=1,NC

JG=JG+1

READ{54102,END=10030) IL,(IMEL{JG,L)L=1,20)

IF({IL.NE.JG) GOTO 1000

WRITE(6,205) IL,MTRL{IL)»({IMEL{JGL)sL=1,20)

[FIMTRL{JG) «sEQ.J) MLEER(JGI=-TRUE.

DO 7 L=1,8

IF (IMEL(JG,L).EQe0) MLEER{JG)=.TRUE.

7 CONTINUE
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IF(JGeGTal) MELANZ{JG)=MELANZ(JG-1)+MELIUK
MEL TJK=NUVC(MI)*NUVR ( MJ)*NUVS (MK)
IF(MLEER{JG)) MELIJK=Q
99 CONTINUE
DO 33 JC=1,J6
IF(MLEER(JC)) WRITE(6,207) JC
33 CONTINUE
CALL PLOTMK
C CHECKING OF THE ARRANGEMENT OF THE MACROELEMENTS
WRITE(6,208)
JC=0
DO 30 K1=1,NS
DO 30 Jl=1,4NR
DO 30 Il1=1,NC
JC=JC+1
JCIJK({l)=JdC+l
JCTJK(2)=JC+NC
JCIJK(3)=JC+NC*NR
IF(MLEER(JC)) GOTO 30
DO 32 M=1,3
LORD=.TRUE.
IFINCRSIM)cEQeMIJK({M) ,OR.MLEER(JCIJK(M))) GOTD 32
WRITE(69209) JC, (IMEL(JCyNFG(Ly14M)),L=1,8),TEXT(M),
> JCIJK(M)y (IMEL(JCIJK(M)4NFG({Ly24M)),L=1,8)
DC 31 L=1,8
IF{IMEL(JCsNFGI(Ly,1yM)) NE,IMEL{JCIJK({M) ,NFG{Ly2,M))) LORD=.FALSE.
31 CONTINUE
IF{LORD) GOTO 32
WRITE(6,214)
JACDET=,FALSE.
32 CONTINUE
30 CONTINUE
C COMPUTATION OF THE MACROELEMEMTS
JC=0
MMG(3)=1
DO 1 MK=1,4NS
MMG(2)=1
DO 15 MJ=1,NR
MMG(1l)=1
DO 16 MI=1,NC
KA=MINO{MK,2)
JA=MINQO(MJI, 2]
TA=MINO(MI,2)
JC=JC+1
IF(MLEER(JC)) GOTO 13
20 IF{TA.EQ.1)} GOTO 28
IF(MLEER(JC-1)) TA=1
28 IF{JA-EQ.1) GOTO 27
IF{MLEER({JC—-NC))} JA=1
27 IF(KA.EQ.1) GOTO 23
IF{MLEER{JC-NC*®NR) )} KA=1
23 DO 2 IM=1,20
IF(IMEL{JC,IM).EQ.D) GOTO 14
DO 3 L=1,3
XYZ{IMyL)=XYZM(IMEL(JC,IM),L)
GOTO 2
14 IF(IM.GE.17) GOTD 4

W
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[NM1=IM-8
IM2=INT1({IM-8)
GOTO 5
4 IMl=IM-16
Iv2=IM-12
5 DO &6 L=1,3
6 XYZ(IMyL)=0e5*(XYZM{IMEL(JC,IML)yLI+XYZM{IMEL(JC,IM2),L)])
2 CONTINUE
C CALCULATION OF THE JACOBIAN-DETERMINAT FOR THE PODINT KSI=ETA=ZETA=0
C ( MACROELEMENTS)
DO 21 L=1,3
DO 21 N=1,3
21 JAC{N,L}=0.0
DO 9 L=1,3
DO 9 M=1,8
DC 9 N=113
JACIN,L)=JACIN,L)—AKSEL(NyM)*XYZ(M,L)/Bo+AKSELIN,ID(M,N))*
> XYZ(IDIMsN)sL) /4,
9 CONTINUE
DETJU=JAC(1y1)*(JAC(2,2)*JAC(3,3)-JAC(2,3)*JAC(3,2))+
> JAC(L92)*(JAC(293)*JAC(3,1)-JAC(2,1)%JAC(3,3))+
> JAC(1,3)*(JAC(2, L)*JAC(3,2)-JAC(2,2)*%JAC(3,1))
IF{DETJ.LE.Q.0) JACDET=,FALSE.
M=NUVC (MI ) *NUVR{MJ)*NUVS({MK)
WRITE(6,5211) JCyNUVCUMI),NUVR{MJ) s NUVSIMK) oMy (IMy (XYZ(IM,L),L
> =143)y IMEL(JC,IM) 4IM=1,2D])
WRITE(6,113) JAC
WRITE(6,212) DETJ
IF(JACDET) CALL TRANS
13 MMG(1)=MMG{1) +2*%NUVC(MI)
16 CONTINUE
MMG(2)=MMG(2)+2*NUVR{ MJ)
15 CONTINUE
MMG({3)=MMG{3) +2*NUVS({MK)
1 CONTINUE
IF{.NOT.JACDET) GOTO 3000
C ARRANGEMENT DOF THE MICRONODES
WRITE{6,123) TEXT(5)
IL=1
DO 22 M=1,KNPMAX
DO 25 I=1,IKNR
IF(—KNPNR({I).NE.M) GOTOD 25
KNPNR({I)=IL
WRITE(6,121) IL,{(XTOP(L,1)4L=1,3)
WRITE(T,3201) IL,(XTUP‘L’I)’L"I!B)
[A=1+1
IF{IA.GT.IKNR) GOTO 22
IF (EPS.EQ.0.90) GOTO 37
DO 36 J=IA,IKNR
TF{IXTOP{1,1)-XTOP{1l,J) ) **24+(XTOP(2,])=XTOP(2,J))%%2+(XTOP(3,1)-
> XTOP(3,J))*%2,LE,EPS®%2) KNPNR{J)=IL
36 CONTINUE
37 IL=1IL+1
GOTO 22
25 CCNTINUE
22 CONTINUE
WRITE(6,204) TEXTI(5)
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JC=MELANZ(JG)+MELIJK
DO 10 IL=1,JC
I BAND=0
DO 11 L=2,20
Ll=L~-1
DO 11 M=1,L1
11 TBAND=MAXO({TIABS{KNPNR(JMEL{IL,L))-KNPNR{JMEL(IL,M)))+1,IBAND)
C CALCULATION OF THE JACOBIAN-DETERMINAT FOR THE POINT KSI=ETA=ZETA=)
C { MICROELEMENTS)
DO 34 L=1,3
DO 34 N=1,3
34 JACI(N,L)=0.0
DO 35 L=1,3
DO 35 M=1,8
DO 35 N=1,3
JACINsL)=JACIN,L)—AKSEL(NsM)*XTOP (Ly JMEL{TL,M))/8.0+
> AKSEL (N, ID{M,N) ) xXTOP(L,JMEL(IL,ID{M,N)}))/4.0
35 CONTINUE
DETJ=JAC(1,1)*(JAC(2,2)%JAC(3,3)-JAC(2,3)*JAC(3,2))+

> JAC(Ls2)*(JAC(243)*JAC(341)-JAC(2,1)%JAC(3+3))+
> JAC({Ly3)*(JAC(2,1)*JAC(3,2)-JAC(2,2)1%JAC(3,1))
DO 38 L=1,NMEL

K=NMEL+1-L

IF(IL.GT.MELANZ(K)) GOTO 39

38 CCNTINUE

39 WRITE(69205) ILsMTRL(K),(KNPNR(JMEL(TL,L)),L=1,20),IBAND,DETJ
If (DETJ.LE.0.0) JACDET=.FALSE.
WRITE(T7,302) ILsMTRL(K)y (KNPNR{JMEL(IL,L)),L=1,20)

10 CCNTINUE

REWIND 7
IF {.NOT.JACDET) GOTO 3000
2000 STOP

1300 WRITE(6,206)

3000 WRITE(6,202)
WwRITE(7,202)
sTop

100 FORMAT(1415)

101 FORMAT({I5,3F10.5)

102 FORMATI(IS/(1015))

103 FORMAT(6EL12.5)

113 FORMAT("OJACOBIAN-MATRIX (KSI=ETA=ZETA=0)"*/(1X1P3E15.6))

121 FORMAT(I5,3(4X*0%),3(4X'1"),1P3EL13.5)

123 FORMAT{('1COORDINATES OF THE M®*Al,*'CRO-NODE POINTS'/'Q I BOUNDAR
>Y CONDITION (FREE=0,FIXED=1) X'12X*'Y*12X*Z'/9X*TRANSLATION ROT
PATION'/5X2(4XPX 4 XYY 4X221)/)

200 FORMAT('INUMBER OF THE MACRONODES :'T51,'NMKP =',15/

> ' NUMBER OF THE MACROELEMENTS :'T51,'NMEL =',15/
> 3(' NUMBER OF THE MACROELEMENTS IN "A4,' -DIRECTION =°?
> T514'N®AL,? =%,1571))

201 FORMAT('OSUBDIVISIONVECTOR NUV®AL/(I5))

202 FORMAT(*Q**%¥ NO GENERATION OF MICROELEMENTS *xkx?/
> "0%** EITHER JACOBIANDETERM. <= 0 OR WRONG ARRANGEMENT OF THE
> MACROELEMENTS #=xx1/)

204 FORMAT('IDESCRIPTION OF THE M®Al, 'CRO-ELEMENTS*T114,*BAND JACOBIA
>N-DET.*/6X*MATERIAL'T113,*WIDTH KSI=ETA=ZETA=0"'/® EL-NO. NO.')

205 FORMAT(231I5,1PE15,.5)

206 FORMAT (*QO*%*%x ERROR IN THE NUMBERING **x%?)
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207 FORMAT('O%** ELEMENT = ND.'I5,% IS A VOI) ELEMENT ###1)

208 FORMAT (/*OCCNNECTION OF THE MACRIELEMENTS :*/*OQELEMENT NODE-PUINT
>S — NO.' T52,'DIRECTICN'T63,*FLEMENT NODE-POINTS - NO.*)

209 FORMAT(/2(15,3X,8155XA4%,4X))

210 FORMAT('OSMALLEST DISTANCE BETWEEN TW (O NODES = FPS ='1PEL2.4/
> YONUMBER OF NODES :'I5,* *¢'[5," =']5,' =%]5,' (27 NODES PER
> MICROELEMENT)*/ '
> *ONUMBERING CASE MF =%15,5X"NC NR NS*/T29, 315)

211 FORMAT('2"'13,°*, ELEMENT SUBDIVIDED IN"16,'*'12,'*°[2,' =',13," MIC
>ROELEMENTS'/ SXIMO4X T XI12X Y 12X 211X NP*/(16,1P3E13.54106))

212 FORMAT('QJACOBIAN-DETERMINANT (KSI=FTA=ZFTA=0) ='1PE13.5)
214 FORMAT({'+'T111,'WRONG CONNECTION x%xt ) 1
301 FORMAT{I5,3(4X'0%),3(4X"1"),1P3EL10.3) '
302 FORMAT(I5,115,T30,'1'/1415,'%%"/2]5/415)
END
C PRORGRAM FCR COMPUTING THE COORDINATES OF THE MICRONODES
SUBROUTINE TRANS :
CCMMON /AA/XYZ(2093) yNKL1yNELsNDLy AKSEL (3420) 9 IKNRyKAyJA,IA ]
COMMCN/PKT/JMEL{500,20) ,MELANZ(25)4JCyNCyNRyNSy NUVC{25) yNUVR(25), i

> NUVS(25) yMKyMIyMI 4y KyJdy I KJI,MLEER(25)
CCMMON /BANDBR/ KNPNR(5000),XTOP(3,5000),MSUM(3)sMMG(3)+MG(3)
> MT(3,6)MF

REAL*4 TN(20) ,KSI
LOGICAL MLEER
INTEGER KJIT(4)/100,10,1,90/
C SUBDIVISION OF MACROELEMENTS
NK1=2%*NyUvC(MI )+l
NE1=2*NUVR{MJ)+1
ND1=2*NUVS(MK)+1
MG(3)=MMG(3)+KA-1
DO 1 K=KA,NDl
MG(2)=MMG(2)+JA-1
ZETA=—1.0+(K-1.)/NUVS{MK)
DG 2 J=JA,NEl
MG(1)=MMG(1)+IA-1
ETA=—1.0+(J-1.)/NUVRIMJ)
DC 3 I=IA,NKl
KSI==1,0+#(1I-1,)/NUVC(MI)
C CHECK IF MICRONODE IS NECESSARY
KJI=120*MOD(K,2)+10%*MOD(J,2)+MOD(I,2)
DO 61 KK=1,4
IFIKJILEQ.KJIT(KK)) GOTO 4
61 CONTINUE
KNPNR [ IKNR+1)==(( (MG (MT(3,MF))-1)*MSUM{MT (2, MF))+MG(MT(2,MF))=1)~*
> MSUM(MT(1 4MF) J+MG(MT(1,MF)))
IF {IKNR.EQ.O) GUTO 41
DO 5 KK=1,IKNR
IF(KNPNR(KK)+ EG.KNPNR [IKNR+1)) GOTO 4
5 CONTINUE
41 TKNR=IKNR+1
C SHAPE — FUNCTION ACCORDING TO GALLAGHER
DO 23 M=1,20
DK=1.0+KSI*AKSEL{1,M)
DE=1.0+ETA¥AKSEL(2,M)
DZ=1.,04+ZETA®AKSEL(3,M)
IF(M.LE.8) TN(M)=0,125*DK=>DE*DZ*(DK+DE+DI-5,.9)
IF(AKSELI1yM) cEQe0e0) TNIM)=0a25¢(1.0-KSI**2)*DE*DZ
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IF{AKSEL(24M) ¢EQe0eJ) TNIM)=D,25%({1.0-FETA%%2)=DK%DZ
TF(AKSEL(34M) .EQ.0.0) TN(M)=0.25%(1.0-2ETA%%2 )%DK*DE
23 CONTINUE
DO 7 L=113
DO 7 M=1,20
XTOP{L+IKNR)}=XTOP(LyIKNR)+XYZ{MyL)%TN(M)
7 CONTINUE
| CALL PUNKT
| 4 MG{1)=MG({1l)+1
3 CONTINUE
MG{2)=MG(2)+1
2 CONTINUE
MG{3)=MG(3)+]
1 CONTINUE
RETURN
| END
| C CORRELATE THE MICRONODAL POINTS TO THE MICROELEMENTS
| SUBROUTINE PUNKT
COMMON /AA/XYZ(204+43)4NK1,NE1yNDL1,AKSEL(3,20),IKNR,KA,JA,IA
COMMON/PKT/JMEL(500420) s MELANZ(25) 3JC+NCyNRyNS,NUVC(25) yNUVR(25),
> NUVS({25) yMK 4 MJyMI ,KyJs1 sKJI,MLEER(25)
LOGICAL MLEER
INTEGER MW(3,4) /1041649241 7420,1:9,15,2,1,8,1/
LOGICAL*1 LR{20)/T 4 2%F 2% T, 2%F,T,3%F,T,3%F ,2%T,2%F,T/
LOGICAL*X]1 VR(20)/2%T 4 2%F 4 2% T 4 2%F, To3xF 4T ,3%F, 2%T,2%F/
LOGICAL*1 GR{ 20)/4*T,4%F, 4%T, 4%F, 4xF/
| C DETERMINE THE POSSIBLE INDICES IN THE ELEMENT - DESCRIPTION
i L=MOD(KJI-2,7)
| MA=MW(1,L)
ME=MW({2,L)
MS=MW(3,L)
C SEARCH THE MICROELEMENTS FOR THE NODE
60 DO 11 M=MA,ME,MS
MJCl= JC
I1=(1-1)/2
NKSI=NUVC({MI)
J1=(J-1)/2
NETA=NUVR(MJ)
| Kl=(K-1)/2
| NDZT=NUVS (MK)
| IF(KJI.EQ.110) GOTOD 13
C KSI — DIRECTION
IF(LR(M)) GOTO 12
IF(I.NE.NK1) GOTO 13
IF(MI.EQ.NC) GOTO 11
MJC1l=MJC1l+1

I11=0
NKSI=NUVC{MI+1)
GO70 13

12 IF{I.NE.1) GOTO 13
IF{MI.EQ.1) GOTO 11
MJCl=MIC1-1
NKSI=NyvC(MI-1)

I1=NKSI
13 IF(KJI.EQ.101) GOTO 15
C ETA - DIRECTION
IF(VR(M)) GOTO 14

|
|
|
L
B S
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IF{J.NE.NE1) GOTO 15
IF(MJ.EQ.NR) GOTO 11
MJC1=MJC1+NC

J1=0
NETA=NUVR(MJ+1)
GOTo 15

14 IF(J.NE.1) GOTO 15
IF(MJ.EQ.1) GOTO 11
MJC1=MJC1-NC
NETA=NUVR(MJ-1)
J1=NETA
15 IF(KJI.EQ.O011) GOTD 17
ZETA — DIRECTION
IF(GR({M)) GOTC 16
IF(KeNE,ND1) GOTO 17
IF(MK.EQ.NS) GOTO 11
MJC1=MJC1+NC=xNR
K1=0
GOTO 17
16 IF(KeNE.1) GOTO 17
IF(MK.EQ.1) GOTO 11
MJC1=MJC1-NC*NR
K1=NUVS(MK-1)
17 IF{LRIM)) | 11=]1-1
IF(VR(M)) Jl=J1-1
IF(GR(M)) Kl=K1l-1
IF{(MLEER(MJC1)) GOTO 11
REGISTER THE NODES IN THE MICROELEMENT-DESCRIPTION
IM=MELANZ(MJC1)+(KL1*NETA+JL)*NKSI+I1+1
JMEL({IMyM) =IKNR
11 CONTINUE
RETURN
END
CONSTANTS AND INITIALVALUE
BLOCK DATA
COMMON /AA/XYZ(2J2+3),NK1 ,NE1 4ND1 ,AKSEL(3,20),IKNR,KA,JA,IA
COMMON/PKT/JMEL(500,20) yMELANZ{25) 4JC4NC,NR,NS,NUVC(25)4NUVR(25),

> NUVS(25) s MKy MJ4MI 4 KyJy I ,KJI, MLEER(25)
COMMON /BANDBR/ KNPNR{5000),XTOP(3,5000),MSUM(3),MMG(3),MG(3),
> MT(3,6)4MF

LOGICAL MLEER

DATA JMEL/10000%0/,MELANZ/25%0/yIKNR/QO/yMF/1/MSUM/3*1/,MMG/3%1/,
> MG/3%0/yMT/1929391934292919343,14242,3,1,3,241/

DATA AKSEL/3%14y—1a92%1oy2%=1,42%loy—1ey3%1lay2%—1eylasb*lesl.y

> 2*"1.10.’2*1-'—1-10-|1. 'Ooy-l-|2*1. g.Oyl.,.G,l.,Z*-—l. e 0'_100-01
> 2%—legleveDy=le92%lareDs—leslerDes2%=1lese0rlay—1lese0/

DATA XYZ/60*0./,KNPNR/5000*%0/,XTIP/15000%0. 0/ yMLEER/25% FALSE./

END
LINEAR PLOT OF THE MACRCELEMENTS

SUBROUTINE PLOTMK

COMMON/PLOT/ XYIM(200,3),IMEL(25420)NMKP,NMEL

COMMON/PKT/JMEL(250:20) yMELANZ(25)+JC 4NCyNRyNS, NUVC{10),NUVR(10),
> NUVS(10) ¢sMKyMJyMI g Kydp I KJI s MLEER(25)

LOGICAL MLEER

REAL*4 XYZMIN(3)/3%1ET0/ 4 XYZMAXI3) /3*—-1ET0/,XYZP(T,3)

INTEGER TR(T7s4)/4:1291,93241043y 8,2044,11,3,19+7,

> 5:169y831537314,06, 1,1745,13,6,18,2/




10

14
12

13
11

=354

DO 10 M=1,NMKP

DD 10 L=1,3
XYZMIN{L)=AMINLO{XYZMIN(L) XYZM{M, L))
XYZMAX{L)=AMAXL (XY ZMAX{L) XYZM{(Ms L))
CONTINUE

Xi=XYZMAX{1l)-XYZMIN(1)
Y1=XYZMAX(2)=XYZIMIN(2)
Z1=XYZMAX{3)-XYIMIN(3)

CALL FRAME(Oey0eplasls])

DO 11 M=1,NMEL

IF(MLEER(M)) GOTO 11

DO 13 K=1,4

NP=Q

DO 12 I=1,7
IFCIMEL(M,IR(TI+K)).EQ.D) GOTO 12
NP=NP+1

DO 14 L=1,3
XYZP(NP,L)=XYZM{IMEL(M,IR({I,K)),L)
CONTINUE
XMI=XYZMIN(1)-1.1*Y1-0.05%X1
YMI=XYIMIN(2)-0.35%Y1
XMA=XYZMIN(1)+1.1*X1
YMA=XYZMIN(2)+41l.1*(Y1+11)

CALL SCALE(XMI,YMI,XMA,YMA)

CALL PLOTL(XYZP{141)yXYZP(L1,2),NP)
YMI=XYZMIN(3)-1.1=Y1-0.05*Z1
YMA=XYZIMIN(3)+1l.1*Z1

CALL SCALE{XMI,YMI,XMA,YMA)

CALL PLOTL(XYZP(1,1)4XYZP(1,3)4NP)
XMI=XYZMIN(2)-0.05=Y1
XMA=XYZMIN(2)+#1.1*(Y]1l +X1)

CALL SCALE(XMI,YMI,XMA,YMA)

CALL PLOTL{XYZP(Ll42)sXYZP(1:3),MNP)
CONTINUE

CCNTINUE

RETURN

END
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