
Brigham Young University Brigham Young University 

BYU ScholarsArchive BYU ScholarsArchive 

Theses and Dissertations 

1989-04-01 

Automatic Meshing of Free-Form Deformation Solids Automatic Meshing of Free-Form Deformation Solids 

Ssuta S. Hsu 
Brigham Young University - Provo 

Follow this and additional works at: https://scholarsarchive.byu.edu/etd 

 Part of the Civil and Environmental Engineering Commons 

BYU ScholarsArchive Citation BYU ScholarsArchive Citation 
Hsu, Ssuta S., "Automatic Meshing of Free-Form Deformation Solids" (1989). Theses and Dissertations. 
3453. 
https://scholarsarchive.byu.edu/etd/3453 

This Dissertation is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for 
inclusion in Theses and Dissertations by an authorized administrator of BYU ScholarsArchive. For more 
information, please contact scholarsarchive@byu.edu, ellen_amatangelo@byu.edu. 

http://home.byu.edu/home/
http://home.byu.edu/home/
https://scholarsarchive.byu.edu/
https://scholarsarchive.byu.edu/etd
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F3453&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/251?utm_source=scholarsarchive.byu.edu%2Fetd%2F3453&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd/3453?utm_source=scholarsarchive.byu.edu%2Fetd%2F3453&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@byu.edu,%20ellen_amatangelo@byu.edu




AUTOMATIC MESHING OF FREE-FORM DEFORMATION SOLIDS 

A Dissertation 

Presented to the 

Department of Civil Engineering 

Brigham Young University 

In Partial Fulfillment 

of the Requirement for the Degree 

Doctor of Philosophy 

by 

Ssuta s. Hsu 

Apri l 1989 



This dissertation, by Ssuta s. Hsu, is accepted in its 

present form by the Department of Civil Engineering of Brigham 

Young University as satisfying the dissertation requirement 

for the degree of Doctor of Philosophy. 

ittee Member 

ommittee Member 

LaVare epartment Chairman 

! 

ii 



ACKNOWLEDGEMENTS 

The author wants to give thanks and appreciation to Dr. 

Michael B. Stephenson for the idea of meshing, to Dr. Thomas 

w. Sederberg for the technical advise in modeling. Deepl y 

thanks and appreciation gives to Dr. Steven E . Benzley for 

his time and patience in expert advise given throughout the 

development of this resear ch. Above all, appreciation and 

love go to the author 's loving and patient wife, Eva for all 

the time and effort she has put into supporting this long 

stay in the school. 

i ii 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS .. . .............. . ...... . .. ... ...... .. · iii 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 

SECTION 

1. 0 INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

2.0 BACKGROUND INFORMATION............... .. ........ . 4 

2 . 1 Node generation approach. .. ............. . .. 4 
2.2 Mapping approach. .. ......... . ............. . 5 
2. 3 Grid-based approach. . . . . . . . . . . . . . . . . . . . . . . . 6 
2 . 4 Decomposition approach....... ... .. ... ...... 7 
2 . 5 Drag method. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
2 . 6 Automatic meshing of 3- D solids.......... .. 8 
2.7 Free-form deformation............ . ....... .. 10 
2. 8 Mesh smoothing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

3.0 AUTOMATIC MESHING WITH HEXAHEDRON ELEMENTS...... 17 

3.1 Inital cuboid primitive.. ... .............. . 17 
3.2 Free-form deformation......... . .. .. .... . .. . 18 
3.3 Solid subdivision.. .. ...... .. .............. 19 
3.3 Transition method... . ... . .................. 20 
3.4 Smoothing procedure................... .. ... 22 

4.0 EXAMPLES OF AUTOMATIC MESHING................. .. 24 

4.1 Transition block......................... .. 24 
4.2 Hour glass model . . .................... ... .. 26 
4 . 3 Hammer head . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 

5 . 0 CONCLUSION AND DISCUSSION. .............. . . .... .. 30 

BIBLIOGRAPHY . . . . . • . . . • • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • 31 

APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 

A. Results analysis and future development....... . .. . 36 

B. Complete disscussion of algorithm................ . 40 

c. Continuity of elements... . .................. . . ... . 45 

D. Bez ier theory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 9 

E. Source code of free- form deformation mesh 
generator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

iv 



LIST OF FIGURES 
Figure 

1.1 Free-form deformation grid model .. .. ... .. .. .... . ... 2 

1.2 Automatic Free-Form deformation model.............. 3 

2. 1 Node generation approach. . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2.2 Mapping approach.... . ...... . .. .. ... . . . ............. 5 

2.3 Grid-based approach .. ..................... . ........ 6 

2.4 Decomposition approach............................. 7 

2 . 5 Drag method model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2.6 Four hexahedra from a tetrahedron..... ..... ........ 9 

2 . 7 Impossible for hexahedron element .................. 10 

2.8 Original plastic model with control points ...... ... 12 

2.9 Control points in deformed position .............. .. 13 

2.10 Deformed plastic model ............ .. ............... 13 

2 .11 Laplacian smoothing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

2.12 Centroid area pull smoothing .... .. . ... .... ..... . . .. 16 

3.1 Cuboid primitive...................... . ............ 18 

3 . 2 Deformed model.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

3.3 Transition case 1 . . ......... . .......... .. .......... 21 

3. 4 Transition case 2.................................. 22 

3 .5 Transition case 3 ...•...••...•..........•...•...... 22 

3 .6 Final result of finite element mesh ......... . ... .. . 23 

4.1 Original cuboid mesh . ........... . ... . ..... .. . .. .... 24 

4.2 Control points and Deformation of transition block. 25 

4.3 Uniform mesh of transition block .. ......... . .. .... . 25 

4.4 smoothed mesh of transition block .... .... .... . ... .. 26 

4.5 Uneven element size of hour glass model ............ 27 

v 



4.6 

4.7 

4 . 8 

4.9 

A.l 

A. 2 

C . l 

C.2 

D.l 

D. 2 

D . 3 

D.4 

D.5 

Near equal element size of hour glass model . .... .. . 

Smoothed elements of hour glass model . .. ... . ... . .. . 

Original mesh of hammer model ......... . .... . .... . . . 

Mesh result of hammer model .... . ..... . ...• . ... .. ... 

Hammer model after smoothing ....•.. . .•. . .......•.. . 

Finite element analysis result ..• . ... .. .•.. ... .. ... 

Discontinue surface elements . . ..•. . ...... . ...... .. . 

Transition priorities . . . . .. ... .. ... . .... • ...... . ... 

Center of mass of four points ... . •. . ..•. . ...... . . . . 

Cubic Bezier Blending functions . • .. . .• . ............ 

Cubic Bezier curve . . . .. . . . .. . . . .. . ... .. .. . ... ... .. . 

Examples of cubic Bez i er curves ...•................ 

Subdivision of a cubic Bezier curve . ....... . .... . . . 

27 

28 

28 

29 

37 

39 

46 

48 

50 

51 

52 

5 2 

54 

0.6 Change the curve shape by the weights . .•• .. •. .. •. .. 55 

0 . 7 Bicubic Bezier surface ..•. . ... ... . .. .• .. •• .. .. .. ..• 58 

vi 



1 

1.0 INTRODUCTION 

Computer-aided t echn i ques are established as an 

effective way to approach modern engineering design and 

analysis. One aspect of Mechan ical Computer-Aided 

Engineering(MCAE) consists of geometr ic modeling, mesh 

genera tion , finite elemen t analysis, and result post

processing . Geometric modelers provide the capability to 

define the geometric model . Mesh generators create the 

finite element grid of the geometric model to be used for 

analysis . The finite element analysis software generates a 

solution to the boundary conditions applied to the geometric 

model. Post-processing prov ides the capability to display 

the analysis results using high performance graphics. 

Mesh generation is the bridge between the geometry and 

finite element analysis procedure. Although the geometric 

and finite element analysis procedures are well developed, 

the process of discretizing a geometry into discrete 

numerical models for a nalysis is generally time consuming 

and tedious. There have been many programs writ ten to 

generate finite element grids, but thei r applications are 

limited. Current research is directed toward automatic mesh 

generation. Such a procedure can produce a valid finite 

element mesh for an object wi th limited user input. 

So lid free-form deformation geometric modeling, 

developed by Sederberg and Parry 29 , is a very powerful tool 

in MCAE. It has the ability to create a geometric model by 
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sculpting surfaces with flexibility akin to clay in a 

sculptor's hand. In addition, any predefined grid can be 

modified by the free-form deformation process to create any 

shape defined by the user. Free-form deformation involves 

mapping by using a trivariate tensor product Bernstein 

polynomial 29 . Figure 1 . 1 is an example of a model created 

by solid free-form deformation. 

Often, the free-form deformation process distorts the 

initial elements so that they are unacceptable for finite 

element analysis. To correct this difficulty, a new method 

of mesh generation needs to be developed to create 

acceptable finite elements for the model. 

y 

' }---x 
i 

Figure 1.1 Free-form deformation grid model 

The objective of this work is to develop a three

dimensional solid finite element mesh generator that will 
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automatically create acceptable hexahedral finite elements 

in conjunction with free-form deformation solid modeling. 

This automatic free-form deformation mesh generator combines 

the creation of t he geometric model and automatic generation 

of hexahedral finite elements as shown in figure 1.2. 

y 

t 
~X 

t 

Figure 1.2 Automatic Free-form deformation model 

Section two of this paper provides the background 

information on both the free-form deformation solid modeling 

and the automatic mesh generator. A description of the 

development of a new automatic mesh generator based on free-

form deformation solid modeling is given in section three. 

Section four presents some examples which have been meshed 

by this new method and explains the user interaction 

required. Section five gives the conclusions and 

discussion. 
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2.0 BACKGROUND INFORMATION 

Meshes were generated manually until in the early 1960s 

when computer assistance began to simplify the task of 

discretizing more complex objects. For more than twenty 

years, researchers have been developing methods to reduce 

the time and cost necessary to construct finite elemen t 

models by computer assistance . 

Buell and Bush 1 reviewed mesh generation procedures 

prior to 1972. Those methods, though rudimentary, have 

become the foundation of some current meshers. From 1972 to 

1980 mesh generation techniques emphasized constructing 

irregular grids to better model curved boundaries. Thacker 2 

has briefly reviewed the different techniques. 

Although mesh generation is a very broad and diverse 

area of research, its general approach can be divided into 

the following groups: 

2 . 1 NODE GENERATION APPROACH 

In this procedure, the interior nodes are generated 

first. They are then connected to form triangular or 

quadrilateral elements. This is a very basic method which 

has been used by many researchers, such as: Nguyen 3 , 

Cavendish, Field and Frey 4 , Cendes, Shenton and Shahnasser 5 , 

Sadek6 and Lo7. Such an approach is useful for automatic 

generation because it is very easy to generate triangular, 

tetrahedral and quadrilateral elements; however, it is 

unable to adequately generate the hexahedron elements. 
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Figure 2.1 shows the basic idea of the node generation 

approach . 

• • • 
• 

(a) (b) 

Figure 2 . 1 Node generation method: (a) a ll nodes are 
generated, t hen(b) connected to form elements. 

2.2 MAPPING APPROACH 

The mapping approach begins by developing the mesh in a 

unit square i n a reference coordinate parametric space. It 

is then mapped to the final coordinate frame by blending 

functions. 

Figure 2.2 Mapping approach 
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For effective use of this procedure , an arbitrary 

object must first subdivided into four - sided regions, and 

then each region is meshed separately. Zienkiewicz and 

Phillips8 , Cohen 9 , Perucchio, Ingraffea and Abel 10 , Cook11 

and Gordon and Hall 12 have developed this approach. Figure 

2.2 shows a model generate by this mapping technique. 

2 . 3 GRID-BASED APPROACH 

This method begins with an infinite grid superimposed 

on the object . The grid cells that fall outside the object 

are removed, then the grid cells that intersect the object 

boundary are adjusted or trimmed to fit the object. 

Thacker, Gonzalez and Putland3 2 and Heighway and 

Biddlecombe33 use this approach to create finite element 

models. Yerr y J nd Shepharct22 - 24 use a modified quadtree and 

octree method to generate grids and to develop the final 

mesh. Figure 2.3 shows the a model generate by grid-based 

approach. 

Figure 2.3 Grid-based approach 
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2.4 DECOMPOSITION APPROACH 

The decompo sition approach is a technique that 

continuously subdiv i des the model, until certain element 

sizes or limits are reached. Bykat14 , Yeung and Hsu1 5, 

Sluiter and Han s en 16 , Slu i ter 1 7, Talbert 1 8, Woo and 

Thomasma 20 , Mosca rd i ni, Lew is , and Cross 21 have used this 

approach to subd i vide a surface to create quadrilateral 

elements or triangular elements, and subdivided a solid to 

create tetrahedra l e l ements. An example is given in figure 

2 • 4 • 

Figure 2.4 Decomposition approach 

2 . 5 DRAG METHOD 

For this pr ocedu re the basic elements are created i n 

one dimension then "drug" into two dimensions. Similarly, 

simple elements in two dimensions can be "drug" to generate 

a three dimensional mesh as discussed by Park and Washam25 
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and Pissanetzky 26 . However t his method is useful fo r 

symrnet ric models only , becaus e the size of elements are 

different inside the solid. 

created by the drag method. 

Figure 2.5 shows a model 

K Ho - Le 34 gives a more detailed classification of most 

of the method. 

Fi g ure 2.5 Mode l created by the drag method 

2 . 6 AUTOMATIC MESHING OF THREE DI MENS IONAL SOLIDS 

The meth o ds described above generally have the 

capability to genera te either quadratic, or triangular two 

dimensional elements . Dra g method and coo r dinate blending 

functions have the capability to genera te three dimensiona l 

hexahedra l elements , ho we ver, they are limited to uniform 

and regular s haped geometries. The other methods can 

generate only tetrahedral elements . 

Although the tetrahedral meshes are not as accurate 
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numerically in analysis13 , they are ideal for automatic 

decomposition of complex polyhedra 20 . This is based on the 

fact that every polyhedron can be divided into an arbitrary 

number of tetrahedra. Other elements can be formed by 

combiningl9, 2l or subdividing16 tetrahedra, however, the 

final elements may have very irregular shapes . 

A possible subdivision of a tetrahedron into four 

hexahedral is shown in figure 2 . 6 . The aspect ratio of the 

elements is still suitable for finite element analysis . 

/ 

/ 
/ 

4- --

/ 
/ 

/ 

"' / ' 
/ I ' 

I ' 
' ' 

~-- -
... ~ 

~, ,' ' 
/ ' 

/ ' 
I ' 

I ' 
I '-

' - - .... ...;. .... 

Figure 2.6 Four hexahedra from a tetrahedron 

The subdivision method16 , divides the six surfaces to 

get the surfa ce elements first , then continues the 

subdivision for the volume to get the final solid elements . 

This method is very good for generating tetrahedral 

elements, however problem arise when creating three 

dimensional hexahedral elements in the volume, i . e. an 

impossible subdivision case may develop in the final volume. 
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Figure 2.7 shows th i s impossible case . 

........ 

"-. _.: >{ - .-- \ 
"'\ 

\ 

Figure 2.7 Impossibl e hexahedron e l ements 

Such diff iculties in creati ng hexahedral e l ement s with 

an automatic procedure is the reason tetrahedral elements 

are most often used . 

Pissanetzky26 and Park and Washam25 have successfully 

implemented the drag method to create hexahedral elements. 

Now quadralateral elements are first created on a boundary 

surface then the elements are swept through the region to 

form solid hexahedral elements . This procedure is a good 

for regular shapes , however it is poor for irregular shapes. 

Furthermore, the element size may be different from point t o 

point. Automat ic meshing o f irregular solid models with 

hexahedron elements remains a research challenge . 

2.7 FREE-FORM DEFORMATION 

The contents of this sectio n assumes tha t the reader i s 

familiar with the Bezier curves and surfaces patches31 • 
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Free-form deformat ion is defined in terms of a tensor 

product trivariate rational Bernstein polynomial28- 31 which 

takes the following form. 

1 m n 
i: i: i: Wijk Bf (s) B~(t) B~(u) Pijk 

i=O j=O k=O 
P(s 1 t 1 u) = 

1 m n 
i: i: i: Wijk Bf(s) B~(t) B~(u) 

i=O j=O k=O 

where 
1! 

Bf(s) = 
i! (1 - i)! 

(1- s)l- isi l i = 0111 • •• 11. 

m! 
j = 0 1 1, •• . ,m. B~(t) = 

j! (m- j) ! 

n! 
B~(u) = k =0 ,1 1 • •• 1 n. 

k! (n-k) ! 

X - Xmin y - Ymin z - Zrnin 
s = , t = I u = 

Xrnin - Xmax Xmin - Xmax Xmin - Xmax 

Bf (s) 1 B~(t) 1 and B~(u) are called Bezier blending 

functions 1 and s 1 t 1 u are the local coordinates of a point 

with respect to the deformation region. Pijk is the X 1 y,z 

coordinates of the displacement control points i 1 j 1 k in a 

solid that form an (m+1) x (n+1) x (1+1) array of points . 

Wijk is the weight of each control point. M 1 n 1 1 are the 

total numbers of the c ontrol points to be used in each i 1 j,k 

direction . Any node that falls inside the control points 

boundary box O~s~l , O~t~1 1 O<u<l will be calculated 

according to the Bernstein polynomial and moved to a new 
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location. Many more important proper ties of Bezier curves 

can be found in the articl e written by Bohm, Farin and 

Kahmann 31 . 

The following example explains the basic procedure in 

creating the free-form deformati o n model. First consider a 

simple cuboid flexible plastic mesh model in the space which 

is to be deformed. 

plastic model . 

y 

' I 
I 

1!/--- x 

Figure 2 . 8 shows this simple flexible 

Figure 2 . 8 Original plastic model with control points 

Next create free-form deformation control points (the 

black dots as shown in t he figure 2 . 8) fo r the model. The 

model is now ready f or deformatio n. The ne xt step is to 

move the control points to new locations a s shown in figure 

2 . 9 . The flexible plastic model inside the control points 

has been deformed t o the shape as shown in figure 2 . 10 . 
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Figure 2.9 Control points in deformed position 

Figure 2.10 Deformed plastic model 

2.8 MESH SMOOTHING 

Once a solid model has been completely divided into 

hexahedra l elements , the mesh is ready for a finite element 
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analysis . However, to insure optimum finite element results 

there is an element shape requirernent27. A good element 

should have an aspect ratio, i.e. max-side/ min-side, that 

does not exceed roughly 7 for good displacement results and 

roughly 3 for good stress results . Generally an element 

that has an internal angle of less than 20 degrees or 

greater than 130 degrees is considered inadequate. 

Smoothing is used to improve the shapes of the elements 

in a mesh by movi ng the interior nodes according to some 

rule . Effective smoothing provides the following 

capabilities : 

(l) Nearly equal areas or size of adjacent elements, 

(2) Gradual ly changing sizes of elements, 

(3) Gradual l y changing shapes of elements , 

(4) Nearly r i ght angle corners in each element. 

The Laplacian method is the most commonly used mesh 

smoot hing technique. It changes the coordinates of each 

mesh node, in turn , to the average of the coordinates of all 

the immediate neighbors of that node . 

2 . 11, the new position V. 

n 
V = 1/n ~ Vi 

i=l 

As shown in figure 

where Vi = (xi, Yi) , i = 1 ton are the directly connected 

neighbors of this node . 
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Fi gure 2.11 Lapl acian smooth i ng 

In o rder t o get as close to the same element size as 

possible, the Lap l ac i an method needs to be modified by using 

the area o f the su rro unding e l ement to pu l l the node. 

v = 

where Ai is the area of the surrounding i-th elements and Ci 

is the vector fr om the corner node to the centroid of that 

element. The cent r o id of a e leme nt is defined by the average 

of the coo rdinates o f four corner nodes: 

4 4 
c = ( 1/ 4 E Xi, 1/ 4 E Yi ) 

i=1 i=1 

where (Xi ,Yi) , i = 1 ,2 , 3 , 4, are the positions of the corners 



of the e1emen t . 

16 

If we set a ll t hese Ai'S to 1 . 0 , the 

resul ting smoothing t echnique is similar to Laplac i an 

smoothing. Thus, the method is call "area-weighted 

Laplacian" or "centroid area pull . " Figure 2.12 shows the 

centroid area pull smoothing method . This centroid area 

pull method gives better equal size results than the 

Laplacian method27. 

Figure 2.12 Centroid area pull smoothing 
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3 .0 AUTOMATIC MESHING WITH HEXAHEDRON ELEMENTS 

Generating an acceptable three dimensional finite 

element mesh of irregula r shapes using hexahedral elements, 

with on ly a mi nimum o f human interaction , is the goal of 

this work . This s e ction describes the method developed by 

this wo rk to generate such a mesh. The procedure couples 

both free-form deformation solid modeling and mesh smoothing 

as described in section 2 .0. 

The complete automatic meshing procedure consists of 

several steps . The first step is to create an initial 

cubo id primitive by eight poi nts in the space. This 

primitive should consist of s ix surfaces and twelve lines as 

shown in figure 3 . 1 . The next step applies free- form 

deformation to the initial cuboid such that the desired 

final geo metr ical shape is created. This step o ften 

severely disto r ts t he mesh such that it is not acceptable 

for finite elemen t calculations as shown in figure 3.2. 

To establish an acceptable mesh on the deformed shape , 

a solid subdivision and mesh transition step is invoked. 

This step creates hexahedral elements from the solid model. 

An important aspect o f this step is to insure that element 

continuity is c ompleted. The final step invokes a smoothing 

proces s to bring a ll elements into an acceptable shape. 

3.1 I NITIAL CUBOID PRIMITIVE 

At the beginning o f the procedure , a cuboid primitive 

and a specific e l ement size is defined . This cuboid 
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primitive is defined in the space by eight corner points. 

The user can choose any size and orientation of the cuboid 

primitive he desires, however a cuboid primitive relat ively 

close to the final shape is easier for adjusting the control 

points of free-form deformation. After the eight points and 

element size have been chosen the model is ready for 

geometric deformation . A simple surface mesh is created in 

figure 3 . 1 for a view of the primitive model. 

Figure 3 . 1 Cuboid primitive 

3.2 FREE- FORM DEFORMATION 

By moving the control points to new loca tions, as 

described in section 2 the model is deformed to the shape 

des ired. However, the elements in this deformed model may 

have been distorted to very high aspect ratios. Figure 3.2 



19 

gives such a situation in the mesh which is deformed from 

the cuboid primitive created in figure 3.1. 

Figure 3 . 2 A deformed model with high aspect ratio elements 

3.3 SOLID SUBDIVISION 

The appropriate s i zed elements are generated by firs t 

locating the nodes on each of the boundary edges of the 

solid to set the initial nodal locations. These locations 

are chosen such that the element size will be near the size 

initially set by the user. This is followed by a 

subdivision process on the solid. This proces is 

accomplished as follows: 

l. Initially dividing the existing solid into two 

solids . 

2. Selec t ing the number of nodes on the lines that 

define the joini ng boundary of these two solids. The number 

of nodes along this boundary is chosen such that the element 
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size will be near the size initially set by the user. 

3. Force the condition that an even number of nodes 

exist on the lines that defi ne the joining boundary of the 

two solids . 

4. At this 

predefined nodes . 

point , a ll edges of each solid have 

Ea ch solid is then checked to see if a) 

futher subdivision is required, b) a transition sitiuatio n 

exists, or c) the meshing is complete . 

5. If s ubdivision is required, return to step 1. 

6 . I f transition is required, proceed to t he a l gor ithm 

defined in Section 3 . 4 . 

7 . When all subdivisions and transitions are 

completed , a ll element have eight nodesm and t he mesh is 

ready for smoothing as described in Sect ion 3 .5. 

A complete description of th e above algorithm is 

outlined in Reference 36 . 

3.4 TRANSITION METHOD 

If , dur ing the processing by the above defined 

subdivision method , the number o f nodes o n one of the edges 

a t one parameter a xis equals two, and one or more of the 

remaining edges is greater than two , a transition region 

must be created. This means it is necessary to add nodes on 

the surfaces and inside the volume t o create more new 

elemen t s. In mak ing these transitions , the three cases that 

may develop are explained below. 

1) Transitio n case 1 - one of the four lines in a 
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parallel direction contains more than two nodes and the 

remaining three lines have only two nodes. This region will 

be processed by adding two nodes on each surface adjacent to 

the line containing the four nodes. These new nodes are 

labeled with an A in figure 3 . 3 . Two more nodes, labeled 

with a B in figure 3 . 3, are created inside the cuboid to 

create five hexahedral elements. 

Figure 3.3 Transition case 1 

2) Transit ion case 2 two adjacent lines in a 

parallel direction contain more than two nodes and another 

pair of the lines have only two nodes. Adding two nodes 

(shown labeled with an A in figur e 3. 4) on both of the 

sur faces, creates four hexahedral elements to accommodate 

this transition . 

3) Transit ion case 3 three lines in a parallel 

direction contain more than two nodes and a single line 

contains two nodes. There is no way to directly accomplish 

the transition for this case, therefore an indirect method 
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must be used . This i nd i rect method adds a cube inside the 

cuboid to create seven elements, as shown in figure 3 . 5. 

These new elements can be processed by the previous two 

methods to produce the eight node hexahedral elements. 

Figure 3 .4 Transition case 2 

Figure 3 .5 Transition case 3 

3. 5 SMOOTHING PROCEDURE 

As described in the previous section, a smoothing 

procedure is requir ed to provide proper elements for the 
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fini t e element ana lysi s . Af t er extensive testing on the 

samp l es, t he centroid area pull method gave satisfactory 

results in e lement size . After running through all the 

steps of the process , t he final result is shown in figure 

3 . 6. 

Figure 3 . 6 Final result of finite element mesh 
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4 . 0 EXAMPLES OF AUTOMATIC MESHING 

This section presents some examples and provides some 

explanation f o r the basic technique for creating the free-

form finite element models. 

4 . 1 Transition head 

The first example gives a step by step explanation of 

the capability of this procedure by modeling a part tha t 

transforms from a rectangular surface to a circular surface. 

The initial step defines the cuboid by specifying the 

information for the eight vertex points and the required 

size for the elements. This original cuboid with user's 

defined e lement size is shown in figure 4.1. 

/! I I I I 

I 
I 

Figure 4.1 Original cuboid mesh 

Next the control points for the free-form deformation 

are i npu t . The location of control points are then adjusted 

so that all the nodes inside the bounding box form the shape 
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of the transi tio n region . Figure 4.2 shows the control 

poi n t net as well as the first defo rmat ion of this example. 

(a) (b) 

Figure 4.2 (a) Co ntr o l point net a nd (b) deformation 
of the tr ans ition head 

The next step is t o use the mesh generation procedure 

to create the hexahedr al elements us ing th e solid 

subdivision a nd transit ion methods. Figure 4. 3 shows the 

results of the finite e lemen t me sh genera ted by this 

procedur e . 

I 
.,/ 
.... 

Figure 4.3 Unifo rm mesh of transition head 
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After the finite element mesh is generated, the 

smoothing procedure is applied to readjust the shape of the 

elements . Figure 4 . 4 shows the results after the centroid 

area pull smoothing method has been used. 

Figure 4.4 Smoothed mesh of transition head 

4 .2 Hour glass model 

This example demonstrates the capability to create 

uniformly sized elements in a model with large dimensional 

variations. As before, the i n itial model begins from the 

regular cuboid similar to that shown in figure 4.1. Figure 

4.5 shows the hour glass model after free - form deformation. 

The sizes of the elements a t t he middle of the model are now 

significantly different from those elements on both ends . 

These middle elements have very high aspect ratios which are 

obviously not well formed for finite element analysis. 
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Figure 4.5 Uneven element size of hour glass model 
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Figure 4.6 shows the results of the model after the 

subd i vision and transition is applied. The elements at the 

middle of the model are becomming uniform in size and have 

better aspect ratios. Finally the smoothed result is shown 

in figure 4.7. 

Figure 4.6 Uniform mesh of hour glass model 
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y 

t 
I 

; r --x 
Figure 4.7 Smoothed elements of hour glass model 

4.3 Hammer head 

A s igni f ican t capabi 1 i ty of the free-form deformation 

procedure is the ability to generate arbitrary shapes. ~he 

hammer head model created here uses 2x2x9 degrees of free-

form deformation to define the shape . Figure 4.8 shows the 

original mesh of the model. 

v 

Figure 4 . 8 Original mesh of hammer model 
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Note that the model is no t symmetric, therefore it is 

tedious for a traditional geometry modeler to create a model 

like this one . Figure 4 . 9 shows a mesh of the object . 

Figure 4.9 Mesh result of h a mmer head 
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5. 0 CONCLUSIONS 

The free-form deformation method is a very powerful 

tool to use in creating solid models of complex objects. 

Hexahedra l (i.e. brick) elements are generally the element 

of choice for per forming three dimensional finite element 

analysis . The work presented here couples the abi lity to 

create complex solid models using the free-form deformation 

method and the generation of acceptable finite elements for 

ana lysi s purposes. The method is automated because a user 

is required to provide very little informatio n to the 

algorithm that defines the procedure. 

The conclusions that can be drawn from this work are: 

1. The free-form deformation solid g e neration procedure 

can create solid geometric models appropriat for 

hexahedral finite element modeling. 

2. A subdivision method that automatically generates 

hexahedral elements is appropriate to initially create 

elements within the deformed solid. 

3 . A transition scheme is necessary to allow the elements 

to effectively model sever changes in geometry. 

4 . Centroid area pull smoothing is adequate to properly 

reform the elements into acceptable shapes for finite 

element analysis . 

5. Proper use of the method developed here will allow very 

complex finite element models of solid objects to be 

generated with a minimum of input from a user . 
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APPENDIX A 

RESULTS ANALYSIS AND FUTURE DEVELOPMENT 
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RESULTS ANALYSIS 

Because this mesh generator is supported by free-form 

deformation (whenever a subd i vision line is created it needs 

to be deformed first to obtai n the final element size), the 

processing cos ts are high. 

Figure A.l sho ws the smoothed resul t of the hammer head 

model. It can be seen that the model near the bottom of the 

hammer is squeezed in. This is because the smoothing 

processo r relocated the nodes to an unsymetric location on 

the surface. It can be solved by increasing the number of 

elements in the model to gradually change the surface in 

that area, or by creating two models separatly at that 

critica l area and by using t h e G2 continuity technique 28 to 

connect them into a continuous model. 

Figure A.l Hammer model after smoothing 
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FUTURE DEVELOPMENT 

The free-form deformation technique used in this 

research is based on the Bezier method which is a global 

control type of deformation. The refore, it is easy to 

create the global smooth models , but models with irregu l ar 

shapes requiring many local deformations and therefore 

many control points) are difficult to do . 

refinements can be made to enhance its capabilities. 

future 

1. The development o f free-form d e formation with the 

a-spline base3 5 will better handle irregular shape . 

2. The improvement of the subdivision processor to 

access many local deformations would also increase 

performance on handle irregular shapes. 

3 . Developing the variable element densities in 

certain locations may meet the requirements for the change 

of different local stresses or stains a nd p r oduce better 

results in fin ite element analysis . This development can 

also be used to solve some uneven shapes. 

CONNECTI ON WI TH MOVIESTAR 

MOVIESTAR, which was develope d by Civil Engineering 

Department , is a very powerful pre/post processor which is 

connected with some very famous finite element software such 

as : ABAQUS, NASTRAN and MARC . A connection with MOVIESTAR 

would be a final destination for this a utoma tic free-form 

d e formation mesher. 

At this time only a CAEDOS neutral f ile is crea ted for 
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MOVIESTAR to do the pre- processing with the finite element 

s oftware. Connecting direct l y wit h the MOVIESTAR database 

can make the best usage of the mode l created by this free-

form deformation mesher. The meshed models can be run 

through the OPTI MIZER in MOVI ESTAR to concatenate with other 

models into a continuous consolidated model for best 

simulation of the real o b ject. 

An ABAQUS finite element analysis result is shown in 

figure A.2, i t can be proven that this automatic mesh 

generator is working properly in modeling and meshing. 

(a) (b) 

Figure A.2 A fin ite element analysis result (a) before 
test i ng, and (b) a fter testing . 
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APPENDIX B 

COMPLETE DISCUSSION OF ALGORITHM 
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PREPARE ANALYSIS 

Before 

prepared: 

running the program two files need to be 

a cubo id data file, and a free-form deformation 

control points file. Al l the input files need to be 

prepared with the same name but with different extensions. 

The cuboid data fi le is crea ted with the extension *.sol; it 

contains the user defined length of the elements and the 

coordinates of the eight corner points. The free-form 

deformation file needs to be created with extension *.ffd; 

it contains the relative movments of all the control points 

and their weights . 

The mesh program will begin by reading the cuboid data 

file and free-form deformation file. A geometry model will 

then be created by the defined control points. At this time 

a surface deformation file with the extension *.def is 

created for MOVI E .BYU to view the picture. The nodes on all 

the edges of the geometry will then be readjusted to have 

uniform length all around the edges. This nodal information 

will then be mapped back to the original cuboid as a 

reference for the subdivision process. 

AUTOMATIC MESHING 

After all the new boundary nodal information is defined 

and stored , the automatic meshing is ready to process for 

hexahedral elements. The steps of the entire algorithm are 

described as below: 

1. A flag check is performed to check the number of 
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nodes on the edges of the solid to decide which processing 

step to chose next. For each of i,j,k direction, if the 

number of nodes o n the edges of a direction a re all greater 

than two , which means this solid can be subdivided , then the 

subdivision is performed. If the number of nodes on all the 

edges are all equal two then the subdivision process is 

done , and hexahedral element is created. If the number of 

the nodes on one of the edges is equal two and at least one 

of the rest of the edge has the number of nodes greater than 

two then there is a transition required to break the solid 

down into severa l hexahedral elements . 

2. In cases where a subdivision is required , the 

subdivision priority is set to j - di recti on, then the k

direction , and last the i-direction. The subdivision starts 

with the surface containing the edge which has the least 

number of nodes, by defining a sudivision line between two 

opposite edges on the surface to be the best line for 

division . While looking for the best subdivision line , a 

search for the existing old line between 

needs to be performed first . If there 

those two edges 

is an old line 

existing then use it, otherwise find the shortest distance 

to be the best line and store it for next line check . The 

purpose of checking the existing old lines is to ensure 

continuity between two adjacent elements. 

3 . This subdivision line then passes through the 

free-form deformation to d e termine the real length in the 
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fina l state , and new nodes are t hen added to this line to 

create the length for the e lements. A check for en even 

number of nodes o n t he surface is required to crea ting 

hexahedral elements . If an odd number appears on the 

surface t hen one more node need to be added to that 

subdivision line to make it even. 

4. Af ter one surface is divided then the node on that 

edge will be used for the adjacent surface. The subdivision 

process will continue until three surfaces have bee n 

processed. The last s urface will be divided by using the 

nodes passed in th r ough both o pposite edges, and without 

checking the best sudivision line. 

5 . After four surfaces in a parametric direction have 

been div i ded, two solids are then c reated and pushed into a 

stack for fu r ther processing . 

6. In case a transition is required , 

per fo rmed acco rd ing to the t rans ition rules 

section three and s tored in the stack 

process i ng. 

then it is 

explained in 

for further 

7. Whi le performing a transition procedure a check 

f o r old lines is also necessary to ensure c ontinuity with 

adjacent elements. 

8 . After a subdivis ion o r transition is performed the 

movment will then return to step 1 for the next appropr iate 

process ing . All the processes will then repeat until the 

no des on each edg e are equal to t wo, then a linear 
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hexahedral element is created. 

9 . After all the elements are created, smoothing wil l 

then be perfomed to readjust the nodes so they will have 

better aspect ratios for the elements. 

10 . Three files which will be created at the end of 

the program under the same name but with different 

extensions (*.geo, *.mov, *. nav) for further analysis. 



APPENDIX C 

CONTINUITY OF ELEMENTS 

45 



46 

To insure that adjacent elements have common nodes, the 

order of subdivision and the transition process is critical. 

Figure C.l shows the problem of such a discontinuity between 

two adjacent elements. This possibility can be avoided by 

checking the subdivision order. 

Figure C. l Discontinuous surface elements 

1. Checking old lines : While the new lines and nodes 

are created , the old information needs to be stored in a 

reference area . Before a new line is going to be created 

first check this new 1 ine with the old reference 1 ines to 

see if this new line has already been created . Since a 

surface can only be used by just two solids , the line on 

that common surface can only be used twice. Therefore, if 

this line was an existing line, then use the old line data 

fo r this new subdivision line and delete that old line data 

from the reference area. If this new line was not an old 
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line then crea te i t as a brand new line and store its 

information f o r the ne xt reference line check . 

2. Checki ng p r iorities: The order of subdivision 

priority must be set . If the direction of all the 

subdivisions are available at the same time then a 

processing order must be established . In this algorithm the 

j direction had been set to the first priority , k direction 

set to the second pr i ority, and i d irection set to the last 

priority. So after the meshing was done and ready to plot, 

the element at the bo ttom layer will be plotted first, and 

plotted from left to right as defined in the inverse of that 

mesh priority o rder. 

For the case o f transition 1 and 2 an old reference 

lines bucket needs t o be set up for checking. For the case 

of priority in transition, an area need to be set up too, 

however it is a li t tle different from the subdivision 

situation. The transition case 3 had been set to the first 

p riority so that whenever a complicated case occurs it can 

process this case into the simple transition casees for 

further processing. 

The transit ion case 2 had been set to the second 

priority and severa l c onditions need to be met to qualify 

this case . Figu r e C.2 shows the example of the transition 

priority. The k direc tion transition seems to have the 

higher priority , however if this k direction transition had 

been processed first, as shows on the dashed line , then it 
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will cause discontinuity of the elements in the i direction 

on the top surface. Ther efore , the i direction transition 

must be processed first. 

Final l y the transition case l has been set for last 

priority, because there is only one line to be processed. 

Figure C.2 Transition priorities 
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BEZIER CURVES 

Bezier curves are named after their inventor, Dr. Pierre 

Bezier. Bezier was an engineer with the Renault car company 

and set out in the early 1960's to develop a curve 

formulation which would lend itself to shape design28 . 

Bezier curves can be understood by thinking in terms of 

the center of mass of a set of point masses. For example, 

consider the four masses mo, m1, m2, m3 located at point s 

Po, P1, P2, P3 (Figure D.l). 

The center of mass of these four point masses is given by 

the equation 

p = 
moPo + m1P1 + m2P2 + m3P3 

mo + ml + m2 + m3 

Po • 

p 

• 

Figure 0.1 Center of mass P, in four points masses. 

Now, instead of having a fixed constant value of the masses 

at each point , each mass varies as a function o f some 
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parameter t. Specifically let : 

mo = (l-t) 3 , m1 = 3t(l-t) 2 , m2 = 3t2 (l-t), m3 = t3. 

Then the value of these masses as a functio n of t is shown 

in figure 0.2. 

I 

~ 1 
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m 'mo m31J 
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f"'... I' , .. ...\ p... 
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t 

Figure 0.2 Cubic Bezier blending functions 

As t varies between 0 and 1 , assume the masses ha ve 

d i f fer en t weigh t s , then the i r center of rna s s changes 

continuously. And a curve is swept out by the center of 

masses. This curve is called cubic Bezier curve, because 

the mass equations ar e cubic polynomials i n t. For any 

value of t , the equation of this 

Bezier curve can be written as 

P = moPo + m1P1 + m2P2 + ffi]PJ. 

Note that when t =O , mo=l and m1=m2=m3=0 The curve is forced 

to pass th r ough Po. 

the curve passes through point P3. Furthermore, t he curve 

is t angen t to Po-Pl and P3 -P2. These proper ties make Bezier 
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curve an intuitively meaningful way to describe free-form 

shapes. 

Figure 0 . 3 Cubic Bezier curve 

Some examples of cubic Bezier curves which illustrate 

these propert ies are given i n figure 0.4. 

/ 
/. 

1112 
.. , __ .... ...o... ........... ..,.-- -

/ 

Figure 0 .4 Example of Bezier curves. 

These variable masses mi ar e normally called blending 
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functions and their locations Pi are known as control points 

or Bezier points. These blending functions , in the case of 

Bezier curves , are known as Bernstein polynomials . 

Bezier curves of any degree can be defined. A Bezier 

curve of degree n will have n+1 control points whose 

blending functions are given as B~(t) 

n! 
(1-t)n-iti, i = 0,1, . .. ,n. B~(t) = ----

i! (n-i)! 

For example, let n=3 then m0=B~=(1-t)3, m1=B1=3t(1- t) 3 , 

m2=B~=3t2(1-t) 3 and m3=B1=t3. B~(t) is also referred to as 

the i th Bernstein polynomial of degree n. Many important 

proteries of Bezier curves can be found in the article by 

Bohm, Farin and Kahmann31 . 

SUBDIVISION METHOD 

The most important and fundamental algorithm for dealing 

with Bezier curves is the subdivision algorithm. This was 

devised in 1950 by F. de Casteljau and is sometimes referred 

to as the de Casteljau algorithm . 

geometric construction algorithm. 

It is also know as the 

As a Bezier curve is defined for parameter values 

between 0 and 1. It is often useful to be able to subdivide 

this curve into two new Bezier curves, one of them in the 

range Ostsa, and the other in the range asts1. These two 

curves are considered to be together and equivalent to the 

single original curve from which they were derived . The 

control points for these two new curves are found using a 
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curve in figure B. S. 

b~ 
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We illustrate with a cubic Bezier 

b~ 

Figure D. 5 Subdividing a cubic Bezier curve. 

Let the original four control points be denoted b8 , b2, 

The control polygon consists of three lines 

connected between four control points . a is the parameter 

value at which we wish to split the curve, then more 

auxiliary points have been created between the original 

control points. The auxiliary points are located at the 

distance a of the previous control points on the control 

l ines. The recurrence relation of the control points can be 

expressed by the formula: 

b~(n) = (1-a)bf=t + abf- l 

Now, two new Bezier curves are defined from these auxiliary 

points. For the left portion where Ostsa, there exist 

control points b8, b!, b~, and bj. The right portion where 

asts l has control points bj, bj, b~, and bg . These two 
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Beziers can be repeated subdivided until small enough, then 

the Bezier curve points are defined. 

The Bezier curves which have been defined above are 

known as integeral Bezier curves. Since it is essential for 

the blending function to sum to one (otherwise the curve 

will change with the coordinate system) the blending 

function must be normalized bu dividing through their total 

value . 

n 
l: w·B0 (t)P· 1 1 1 

i=O 
X(t) = 

n 
l: 

i=O 
WiB~(t) 

The curve is called a rational Bezier curve, because the 

blending functions are rational polynomials. The important 

reason for rational Bezier curves is that they can define a 

curves without using higher order control points. Figure 

D. 6 shows the change of weights in the control points to 

influence the shape of the curve . 

PJ 

Figure 0 . 6 Change the curve shape by the weights 
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The following example shows the way to create a circle 

by two method using the Bezier curve . To create a quarter 

circle from a line by degree two control points, the weight 

control method28 needs to be used. In the following figure 

let a rational quadratic degree two Bezier curve was defined 

as: 

(1,0),w0=1 

x(t) = 

y(t) = 

~ (1,1) 1 w1=? 

1 ( 1 1 0) , W2=1 

w0x 0 (1-t)2 + 2w1x 1t(1-t) + w2x 2t 2 

w0 (1-t) 2 + 2w1t(1-t) + w2 t 2 

w0 (1-t) 2 + 2w1t(1-t) + w2t 2 

In order to satisfied a circular equation, x(t)2 + y(t)2 = 

1 1 we substitute x and y into the equation to solve for the 

weight at w1 1 and then the weight for the middle point 

Then this value will be used as a control point 

weight at that middle point. After the free-form 

deformation this line will become a quarter circle as 

defined. 

Additionally 1 there is a fixed control points weight 

method can be used. By increasing the degree of the Bezier 

curve and adjusting the location of some control points, one 

can get the same quarter circle. Let a fourth degree Bezier 

curve have the same weight all around the control points 1 
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w0=w1=w2=w3=w4=1 and set Po=(O,l), P1=(0.4,1), P2=(0.8,0.8), 

P3=(1,0.4), P4=(1,0) the resulting curve will be exactly the 

same as the second degree curve has different weights on 

each control point. 

BEZIER SURFACE 

After the Bezier curve was defined, this curve can be 

expand into a surface. Points on a Bezier surface are given 

by an extension of the general equation for points on a 

Bezier curve. 

m n 
P ( s, t) = ~ . ~ Pi j Blf ( s) B~ ( t) 

i=O J=O 
s,t E [0,1) 

Where Pij are control points of the Bezier surface that form 

an (m+l) x (n+l) rectangular array of points . By using the 

binomial representation of the cubic tensor product, the 

Bezier surface patch takes the form: 

P(s,t) 

where 

The matrix P contains the position of the control points for 

Bezier surface. In the Bezier surface only the four corner 

points where s=O, s=l, t=O, t=l are lie on the patch. Figure 

0 .7 shows the bicubic Bezier surface. 
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Figure 0.7 Bicubic Bezier surface 
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APPENDIX E 

SOURCE CODE OF FREE- FORM DEFORMATION MESH GENERATOR 



CNAWE CTSOLI.FOR 
e ••••••• • ••••• •• ••••••••••••••••·····-· · ·•·••••••••••••••••• • ••••••••••••• 

e ubroutine gteoli(fname ) 
c •••• •• •• ••• ••• ••• ••• ••••• • • ••••••••• • ••••••••••• •• •• • •••••••••••·•••••••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : CTSOLI.FOR 

PURPOSE: get the required data for volume and prepared them for 
volume meehing. 

WRITTEN BY: SSUTA HSU 
WODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT. 8, 
DATE : 

1088 

C•••••••••••••••••••••••••••••• • •••••••••••••• · ·•••••••••••••••••• ••• ••••• 
c 
C ALCDRITHW EXPL~~ATIDN: READIN THE CEOWETRY FILE AND DEFORWATION FILE 
C THEN DO THE LINE DEFORWATION ~VD STORE THE DATA FOR WESHINC 
c 
c •••••• •••• ·••• ••••• ••••••••••• • ••••••••••• • • ••••••••••• • •••••• •• •• • •••••• 
c 
c called: 
c readeo . for 
c orimeh.for 
c frform.for 
c linnod.f o r 
c def orl . f o r 
c aath l in. f o r 
c mpback.for 
c dretor . f o r 
c prepar . for 
c 

r e ad in the 8 co~ner point in a volume 
etore the premesh deformed data 
re ad in the free !ormed deformation control pointe 
find the node• in each line 
do the deformation for the l i nes 
me sh the boundary linea first 
mapping the deformed nodes back to ori g in a l hexahedron 
etore the nodes f o r draw picture 
etore the nodes information f o r volume meshing 

c ••• • ••••• ••••••••• • •• ••• ••••• •••• •• •*••·~·•••••••••• • •• ••• ••• •• •• • • • • • 

c 
c c a l led by: threed . for - - t he user 's interfac e 
c 
c• ••• • ••••••• ••• •• •••••• •••••••••·• ·•~·••••••••••••• • •••• • ••• ••• • •• •••• 

c 

include 'para . inc' 
d i me n s ion xg ( 8),yg ( 8 ) ,zg ( 8 ) ,ck (8 ), nnu m( l2),diet ( 12) 
dimensio n x ( maxeid,l2),y ( maxs ic,12) ,z ( maxs i d,l2) ,w(maxsid,l2) 
d i mension xo(maxeid,l2) ,yo(maxsid,l2) ,zo(maxeid , l2 ) 
charac te r fname • ( • ) 

c etore defo rmat i on information 
c 

call frform(fname,i err) 
c 
c read in the prime volume 8 pointe 
c 

c 

cal l readeo( fname,nx,ny,nz,unit , xg,yg,zg,ierr) 
if (ierr . ne . O)the n 

write( • , • ) • None exiet file n a me ' 
return 

end if 

c check the dimeneion 
c 

c 

maxd=maxO ( nx,ny ,nz)+l 
if(maxd . g t. maxeid)then 

write(•,•) 'The <maxs id> need to eet to',maxd 
etop 

end if 

c find the node • for twelve linea 
c 

c a ll linnod(nx,ny,nz,xg,yg ,zg ,x,y,z,maxaid,nnum) 
c 
c s tore the node f or plot the original meeh only , c an be deleted 
c 

c 

c al l nodeur(nx,ny,na,x,y ,a ,aaxeid) 
call nodeto(fname , nx,ny,na) 

c get the deform ehape for the prime vo l ume linea 
c 

call de£orl(xo,yo,zo,x,y ,a ,nnum) 
c 
c meeh the twelve boundary line node• 
c 

cal l mehl i n(nx, ny,nz ,x, y,z,nnum ,unit,dist) 
c 
c map the d eformed nodee back to the normal cube 
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c 
c a ll mpback(nx,ny,nz,xg,yg,zg,dist,xo,yo,zo,x,y , z , w,nnum) 

c 
c store data for drafting purpose, no need at this time 
c do not open it while max deg <30 or nodsto is in used 
c c al l dretor(x,y,z,nnum,unit) 
c 
c reset the storage addre•• 
c 

c all prepar(x,y,z,w,nnum,unit) 
return 
end 

CNAALE VMESH.FOR 
c--·-···· · -··-···-···-···· · ····-·······-···········--· ···· ··-·········--·· 

eubroutine vmesh( c name) 
C••••••••• • •••• • ••••••••••• • ••*•••••••••••••••• • ••••••• ••••••••• •••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : VMESH . FOR 

PURPOSE: CHOOSE THE REQUIRE YESH PROCESSER TO DO MESHING 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6, 1Q88 
DATE: 

c - --··-····--·~·· ·· · · ····· · ·--················ · · · ··-·-······ - ····· ~ · ··· · ·· c 
C ALGORITHM EXPLAKATION : check the number of nodes in e ach line, if the 
c number equal two then that wil l be the final s tate for that element 
c or the el e ment need todo the transiti on on it, othe rwise continue 
c th e s ubdivision a lgorithm. 
c 
c----- · ·· · · · · ··········· · ··· ·· · ······ · ············-·····-············-·· ·· c 
c called: 
c push.for 
c pop. for 
c vstore.for 
c xmesh.for 
c ymesh.for 
c zmesh.for 
c lnflag.for 
c transi. f or 
c ffdefo.!or 
c wrt.mov .for 
c 

stack one step ir. the loop 
pop up one step in the loop 
s tore nodes for plot 
mesh in x-d irectioo 
mesh in y - direction 
mesh in z-direction 
set flag to choose the requi red trans ition method 
set the required trans ition metho d 
procees the free formed deformation 
wr ite out t.he movie a nd navgraph files for f uther 
proce••ing. 

c •••••• • •••••••••••••• •• •••••••••• • ••••• • ••••• • •• · • •• • ·•• •• ••• • •••••••• 
c 
c cal led by: thr eed.for - - user'• interface 
c 
c • • ••• •• ••• • • • • • ••••••••••• •••••••••• • •••••••••• • •••••• • • • •••••••••• • • • 

c 

c 

c 

c 

character cname • ( • ) 

write (•, • ) ' Automatic mesh generating now ... ' 

iter 0 
loop 1 

c a ll push( loop,iter) 

c. . start th e looping method 
c 
10 continue 

call pop (loop,iter) 
c 
c check the number of nodee in all the lines, then do the proper method 
c 

c 

call lnflag(loop,iflagx,iflagy,iflagz) 
if(iflagx . eq.O .and. iflagy.eq.O .and. iflagz.eq.O)then 

call v•tore(loop) 

c check the nodes in z,y,and x direction and mesh it 
c 

else if(i flagy.eq . 6)then 
call yme•h(loop,iter) 

e l ee if(i!lagz.eq.6) then 
call zmeeh ( loop, i ter) 

elee if(iflagx.eq.6)then 
call xmesh(loop,iter) 

else 
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c 
c do the trans ition for all the possible ways (for 0 <if lag < 6) 
c 

c 

c 

call transi(loop,iter,iflagx,iflagy,iflagz) 
e nd if 
if(iter.gt.O)go to 10 

call surbnd 
call smooth 
call ffdefo 
call wrtmov {cname) 
call wrtnav( cname) 

return 
e nd 

CNAME XMESH.FOR 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

subroutine xmesh(loop,iter) 
c ••• • ••••••••••••••••••• • ••• • •••• ••••••••••••• ••••••••• •• •••••••••••• • • • •• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: XMESH.FOR 

PURPOSE: do subdivision 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

in x d irection 

CHECKED BY: DATE: QCT.6, 1988 
CHECKED BY: DATE: 

C• •···~· ··• •••••• ···· -·~••• • •••••• ·• ••••• •••• • • ••• • • •••••• ••••• ·••• ••••••• 
c 
C ALGORITHM EXPLANATION: CHECK THE BEST NODE FOR SUBDIVISION AND ADD THE 
C NEW NODES TO THE SL~DIVISION LINES 
c 
c•• •• •••• • • •·~·••••••*•••••••••••• • ••••• •••• •••••••••••••••••••••• •••••••• 

c 
c 
c 
c 
c 
c 
c 

called: 
vgtno d . for 
vnewnd.for 
vnew ln. for 
push . for 

choose the required n o de to split with 
find the new nod e 
find the new line 
stack for the new loop 

c••*••••••••• ••••• •• •• •••••• • •••• •••••••• •••••••••• ••••••••••• • •••••••• 
c 
c c al l ed by: vmesh.for --volume mesh controler 
c 
c ••• •••• •• •••••••• •••• • •••••••• • •••••• •• ••••••••••••••••••••••••••••••• 

c 

include 'para.inc' 
dimension coor(4,maxnod),node(ma.xsid,12,maxloop) 
common/auto/coor,node,last,unit 
logical found 

c s tore extra data for remesh check 
c 

do 20 j = 1,12 
do 20 i= 1,node(1,j,loop)+l 

node(i,j,maxloop-1) = node(i,j,loop) 
20 cont i nue 

klast = last 
c 
c find the split line e nding node for surface 1-3, then connect the 
c third and fourth nod es to create the split line for surfac e 4, 
c 

10 

mini = 10000 
do 10 i = 1,3 

if(node (l,i,loop).lt.mini)then 
mini node(l,i,loop) 
line .. i 

end i f 
continue 
if(line.eq.l)then 

linel = 1 
numl = 2 
c a ll vgtnod(loop,1,linel ,line2,numl ,num2 ) 
call vgtnod(loop, l,line2,line4,num2,num4) 
call vgtnod{loop,2,line 1,line3 ,num1 ,num3) 

else if(line.eq.2)then 
line2 = 2 
num2 = 2 
call vgtnod(loop,l,line2,line4, num2,num4) 
c all vgtnod(loop,2,line2 ,line1,num2,num1) 
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c 

c a ll vgtnod(loop,2 , linel ,line3 ,numl,num3) 
el•e 

li n e3 = 3 
num3 = 2 
c al l vgtnod (loop, l,line3,l i nel,num3,numl ) 
c al l vgtnod(loop,l,linel, line2 ,numl,num2) 
c all vgtnod(loo p,l,line2, line4,num2,num4) 

end if 

c find the node• for each new •plit line• . 
c 

c 

call vnewnd (li n e1 ,line2 ,numl,num2,loop) 
call vnewnd (linel,l i n e3 ,numl,num3 ,loop) 
c a ll vnewnd ( line2 1 line4,num2,num4,loop) 
c a ll vnewnd (line3, line4 ,num3 1 num4, loop) 

c •plit the ol d boundary line i n to t wo new line• 
c 

c 

call vnewln(line1 ,numl,loop) 
c a ll vnew ln ( line2 ,num2 ,loop) 
c a ll vnewln(line3, num3,loop) 
call vnewln(line4 1 num4,loop) 

c check for the impoesi b le t ransition c a se 
c 

c 

call push(loop,iter) 
loop = loop.,.l 
call push(loop ,i ter) 

re turn 
e nd 

CNAME YMESH . FOR 

s ubrout ine ymesh(loop,iter) 
C•·• ····· · ··· · ·· • ·······•• •••• •••••• ••••~ • • •• • •·• ••• •••••••• •• •••• •• ••• •••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : YMESH.FOR 

Pt:RPOSE : do subd iv ision in y direc t ion 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY : 
CHECKED BY: 

DATE : OCT . 6, 1088 
DATE : 

C••••••••••••·•••••-••••••• • •• • • ••• ••• • •••••••·•••••• • ••• • ••• ••••••••••••• 
c 
C ALGORITHM EXPLA~ATION: FIJI.'D THE BEST SI.:BOIVISION LOCATION A."'D ADO TRE 
C NOCES TO THOSE SUBDIVISION LINES 
c 
c•••••••••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c c al l ed : 
c vgtnod.for choos e the required node to •plit with 

find the new node c vnewnd . for 
c v newl n.for find t he new line 
c p ush. fo r stack for the n ew loop 
c 
c• ••••••••••••• ••••••• ••••••••••••••••··•• •• •• • ••••• • ••*••••••••••••••• 
c 
c c a l led by : vme•h . for -- vo l ume mesh controler 
c 
c• • •••••••• • •• •••••••• •••••• • •• • •• ••••••••• •••• • •• ••• ••••• ••• • •• ••••••• 

c 

inc lude 'pa r a .inc ' 
d i mene i on coor(4, maxnod) ,node(maxs i d,12,maxloop) 
common/auto/ c oor,node,last , un i t 
l o gi c a l found 

c e tore extra data f or reme•h check 
c 

20 

c 

do 20 j = 1,12 
do 20 i = l,node(l,j,loop)+1 

node (i ,j ,max loop - 1 ) = n od e (i , j,loop ) 
c.o nt.inue 
k l a•t = la•t 

c f i nd the epli t line end ing node f or e urfac e 6 - 7, th e n connect the 
c third a nd fourt h node• to cre a te th e eplit line f o r • urf a c e 8 . 
c 

mini = 1000 
do 10 i = 6,7 
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10 

c 

if(node(l ,i ,loop).lt. mini)then 
mini node(l,i,loop) 
line = i 

end if 
continue 
if(line.eq.5)then 

linel = 5 
numl = ~ 
call vgtnod(loop,l,linel,line2,numl,nua~) 
call vgtnod(loop , l,line2,line4,num2,nua4) 
c all vgtnod(loop,2,linel,line3,numl,nua3) 

else if(line.eq.6)then 
line2 = 6 
num2 = 2 
call vgtnod(loop ,l, line2,l ine4,num2 ,num4 ) 
c a ll vgtnod(loop,2,line2,l : nel,num2,numl) 
call vgtnod(loop,2,linel,line3,numl,nua3) 

else 
line3 = 7 
num3 = 2 
call vgtnod (loop,l,line3,linel,num3,nual) 
c a ll vgtnod(loop,l,linel,line2,numl,num2) 
c a ll vgtnod(loop,l,line2,line4,num2 , num4) 

end i f 

c f ind the nodes for each new split lines. 
c 

call vnewnd(linel,line2,numl,num2,loop) 
cal l vnewnd(linel,line3,numl,num3,loop) 
call vnewnd (li ne2,line4,num2,num4,loop) 
call vnewnd(line3 ,line4, num3,num4 ,loop) 

c sp li t the ol d boundary line into two new lines 
c 

c 

call vnewln(linel,numl,loop) 
call vnewln(line2,num2,loop) 
call vnewln(line3,num3, loop) 
call vnewln(line4, num4 ,loop) 

call push(loop ,iter) 
loop = loop•l 
cal l push (loop,iter) 

return 
end 

CNk~ ZMESH.FOR 

subrouti ne zmesh( loop ,iter) 
c• • •• •• ••••• • • • • • ••••• •• • • • •• ••• • •• • ••••• • • • • •• ••••• •••••• •••••••••• • •• ••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : ZMESH .FOR 

PURPOSE: do subdivision 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

in z direction 

CHECKED BY: 
CHECKED BY : 

DATE : OCT. 6 , 1 Q88 
DATE: 

C· • •• •• ••• • • • •• •• • •• •• • • ••••• •• •••••••~• • •• •••• •• • • ••• • • ••••••• • •••••••••• 
c 
C ALGORITHM EXPLANATION: FIND THE BEST SL~DIVISION LOCATION AND ADD THE 
C NOCES TO THOSE SUBDIVISION LINES 
c 
c• • • • • •• ••• • ••••• • •• • • • ••••••••••••••••• •• ••• •• • ••••••••••• •••••*•• • •• • • • • 
c 
c 
c 
c 
c 
c 
c 

call e d: 
vgtnod.for 
vnewnd.for 
vnewln.for 
push.for 

choo s e the required node to split with 
find the new node 
find the new lin~ 
stack for the new loop 

c•••••• • •• • ••••••• ••• ••~ • · •• • •• •• ••••• •• • • • • •••• ••• • ••• • ••••••• ·••• •••• 

c 
c c a lled by: vmesh.for -- volume meah con troler 
c 
e••• •••• ••• • • • • •••• •• ••• ••• ••• ••• ••••••• *•••••••• • •••••• • •• • • ••••••• ••• 

include 'para.inc' 
dim~ nsion coor(4,maxnod),nod e (maxa id, l2,maxloop) 
common / auto/coor,node,last,unit 
logical found 
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c 
c s tore extra data for remesh check 

do 20 j = 1, 12 
do 20 i= 1 ,node { 1 ,j,loop)•1 

node {i,j, maxloop-1) = node (i,j,loop ) 
20 continue 

k l ast .. las t 

c f ind the split line e nding node f o r s ur fac e Q- 11, then conne ct the 
c thi rd a nd f ourth nod es to c reate the s pl i t line l or s urf a c e 12. 
c 

10 

mini "' 10000 
d o 10 i = G,l1 

if(node ( l ,i, loop) .lt .mini)the n 
mini node {1,i,loop) 
line "' i 

end if 
continue 
if(line. e q . Q)the n 

line1 = g 
num1 = 2 
c all vg tnod(loop , 1, linel ,l ine2 ,numl, num2 ) 
cal l vg tnod( loop, l,line2,line4 , num2,num4) 
c a ll vg t nod(loop,2,linel,line3 ,nu m1 , num3) 

e l se if(line.eq. l O)then 
line2 = 10 
num2 = 2 
cal l vg tnod(loop,l,line2 ,line4 ,num2 ,num4 ) 
c all vgtnod(loop, 2 ,line2 ,li~ el ,num2 ,nu~1) 
c a ll vg tnod(loop,2 , linel ,li~e3 ,numl ,num3) 

e l se 
line3 z 1 1 
num3 = 2 
c a ll vgtnod(loop, 1,line3,line l,num3,num1) 
c a ll vgtnod(loop,l,line 1,line2 ,numl,num2 ) 
c all vg tnod(loop,l,line2 ,line4 ,num2,num4 ) 

end i f 

c find the node s for e ach new s plit lines . 

c 

c a ll vnewnd (linel ,line2,numl,num2 ,loop) 
c a ll vn ewnd(linel ,line3 ,num1,num3, l oop ) 
call v n ewnd(line2,l i ne4,n u~2,num4 ,loop) 
c a ll v n ewnd(line3,l ine 4 ,num3,num4, loop ) 

c s plit the ol d bounda ry li n e into t wo new lines 

c 

c 

call vnewln (line l,num1,loop) 
c al l vnewln(line2, num2,loop ) 
c a ll vnewln(line3,nu m3 ,loop) 
c a ll vnewln(line4 , num4 ,loop) 

c al l push (loop,iter) 
l oop • loop+ l 
c a ll push (loop,iter ) 

re turn 
e nd 

CNAME CHOLIN . FOR 
c • •••••••••• •••• • • •• ••• • ••• • • • • • •• • ••••••• • *••••••• • •••• · •·••••••• • ••••••• 

s ubroutine c holin(nod1,nod2 ,oline ,nold ) 
c ••• •••••••••• •• • • •••••••••· ······~···••• ••• • • •••• ••• • • •••••• • • • • • •• • · •••• 

c 
c 
c 
c 
c 
c 
c 
c 

PROCRAY : CHOLIN.FOR 

PURPOSE t CHECK TO FIND THE POSSIBLE OLD LINE 

WRITTEN BY t SSUTA HSU 
lot ODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE : OCT . e , 1Q88 
DATE : 

c---··········· · ·· ········ · ···· -·······--············· · ········ ··········· c 
C ALCORITHW EXPLANATION: 
c 
c •••••••••• •••• • •• ••• • ••••• ••••••• • ••• ••••• • ••••• • • •• ••••• • • • •••• • ••••• 
c 
c c a ll e d byt vnext l . ! o r -- f ind the next possible line 
c 
e • ••••••••••• •••••••••••• ••• • ••••• •• ••••• •••••••• ••• •••••••••• • • • •••••• 

65 



include 'para.inc' 
dimeneion ick(maxe id),itemp(20) 
logi c a l oline 
common/oldln/nnum( 20,maxeid • 6) ,lold ( maxeid• 8 ), nall 

c 
oline =. f a l ee . 

c 
c ... check f or the d i e crete line c aee or parti a l line c aee 
c 

nt emp = nod1 
icnt = 0 

10 continue 
do 40 i "' l,nall 

c ... etart normal che c ki ng 
if(ntemp . eq .nnum( 1,i))then 

icnt • icnt + 1 
ick(icnt) • i 
ntemp = nnum(lold(i) ,i) 

c .. . regular coincident c aee and final condition of emall line• c aee 
if(ntamp.eq.nod2)then 

oline = .t r u e . 
go to 60 

end if 
c .. . partial line c ase 

i f (lold(i). g t. 2)then 
do 20 k: 2,lold(i) 
if(nod2.eq.nnum(k,i ))then 

oline = .true . 
n a ll "' nall • 1 
me = 1 
nnum(l,nall) = nodl 
do 21 m = l ,icot-1 

do 21 n = 2,lold (ick(m)) 
me : me • 1 
nnum(mc,nall ) = nnum(n,ick(m)) 

21 continu e 
do 30 j = 2 , k 

me = me • 1 
nnum(mc,n a l l ) nr.um(j,i) 

30 continu e 
lold(nall} = me 
nold = n a ll 

c ... rearrenge the o r i g inal line 
do 31 j = O,lold(i) -k 

nnum(j•l,i) = nnum(j+k,i) 
31 continue 

lold(i) = lo ld (i)- k+1 
return 

end i f 
20 continue 

end it 
c ... many emall line eegmente c aae 

g o to 10 
end if 

40 continu a 
60 continu e 
c 

return 
e nd 

CNAME CKOLIN. FOR 
c •• •••••• •••••••••••••• •••• • ••••••• •••••••••• •••••••••••••• • •••• ••••• • ••• • 

e ubroutin e ckolin(nod1, nod2,oli ne,nold) 
C••••••••••••••••·············•••••••••••••••••••••••••····••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW , CKOLIN. FOR 

PURPOSE • CHECK NODE IN ALL THE OLD LINE 

WRITTEN BY • SSUTA BSU 
WODIFIED BY: 

CHECKED BY : 
CHECKED BY : 

DATE : OCT . 8, 1Q88 
DATE • 

C••·•········••••••••••••••••••••••••••••••••••••••••••••••·•••••••••••••• 
c 
C ALCORITHW EXPLANATION : CHECK THROUGH THE ALL OLD LINES TO SEE IF THE 
C GIVEN LINE WAS AN EXIST OLD LINE 
c 
e ••••••••••••••••••••••••••·••••••••••••••••••••••••••••••••••••••••••••• • 
c 
c called by: fnewnd.for - - f ind the new node 
c 
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c•••••••••••••••••••·••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

c 

include 'para.inc' 
dimens i on ick(maxsid), i temp(20) 
l o g i cal oline 
common/oldln/nnum(20,maxsid•6) , lold(maxsid•6) , nall 

ol i ne=. f a lae. 

c .. . check for the discrete line case or partial l i ne case 
c 

nt.emp = nodl 
icnt = 0 

10 continue 
do 40 i = l,nal l 

c ... check for the inverse special case 
if (nodl.eq . nnum ( l o ld( i) ,i ) .and. nod2.eq.nnum ( l,i)) t hen 

do 60 km = l,lold(i) 
itemp(km) = nnum(km,i) 

SO c ontinue 
do 61 km = l,lold(i) 

nnum(km,i) = itemp ( lold(i) - km~l) 
51 c ont i nue 

end if 
c . .. start normal checking 

i f (ntemp . eq .nnum(l,i ) )then 
icnt = ic:nt + 1 
ick ( i c n t) = i 
ntemp = nnum(l o ld(i), i ) 

c . .. regu lar co i nci dent case and f inal cond i t ion of s mall lines c ase 
i f ( ntemp . e q .no d2)then 

ol i ne = .true. 
go to 60 

end if 
c . . . partial li n e c ase 

if ( lol d ( i ) . gt . 2)the n 
do 20 k = 2,lold(i) 
i f (nod2 . eq. nnum( k, i)) t h en 

oli n e = .tru e . 
nell = n ell + 1 
me: = 1 
nnum ( 1,nal l) = nodl 
do 21 m = 1,ic:nt- l 

d o 21 n = 2, l o l d(ick(m)) 
me = me + 1 
n n um(mc,nall) = nnua (n,ick ( m)) 

21 continue 
do 30 j = 2,k 

me = me + 1 
nnum(mc,nall) nnum(j,i) 

30 continue 
lold(nall) = me 
nold = nall 

c .. . res tore the original l ine 
do 31 j = O,lold(i) - k 

nnum(j • l, i ) = nnu m(j +k,i ) 
31 c o nt inue 

lold(i) = lold(i)-k+l 
retur n 

end i f 
20 continue 

end if 
c ... many s mall line segments case 

go to 10 
e nd if 

40 continue 
60 continue 

if (olin•) than 
if(icnt.st.l)then 

c ... store the the lines found into one line 
nall = nall + 1 
nnum(l,nall ) = nodl 
jc: = 1 
do 00 i = 1,icnt 

do QO j = 2, l old(ick(i)) 
jc = jc + 1 
nnum(jc,na l l) = nnum(j,ic:k(i)) 

00 continue 
lold(nall) = jc 

c ... delete t hose smal l lines 
do 71 ik = ic:nt,l, - 1 
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80 
70 

71 

c 

do 70 i = ick(ik),nall - 1 
lold(i) = lold(i+l) 
do 80 jj = 1,lold(i) 

nnum(jj,i) = nnum(jj,i+1) 
continue 

continue 
nall = nall - 1 

continue 
nold nall 

else 
nold 

end if 
end i f 

ick(icnt) 

re turn 
end 

CNAME CKTRAN.FOR 
c••••••••••••••••••••••••••••••·•••••••••••••••••••••••••••••••••••••••••• 

subroutine c ktran (temp, kt) 
C••• • ·•··· ••••• ·•••••••••••••••••••*••••••••••••••••••••· · ········ ·••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

c 

PROGRAM: CKTRAN.FOR 

PURPOSE: CHECK THE EXIST TRANSITION ~ODES 

~~ITTEN BY : SSVTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE : OCT. 6, 1988 
DATE: 

C ALCORITHW EXPLAKATIO~: check, if the node a l ready exist then use it 
c for the new s urface and delete it from the check list (to save t i me 
c and space), otherwise create a new node. 
c 

c 
c called by: 
C tran1.for t ransition method 1 

transition method 2 C tran2.for 
c 
c•••··•·- -·····•·• •••••• ••• ••••••••••••••••••••·· ··•·······•· · · ··••••••··• 

include 'para.ioc ' 
dime ns ion coor(4,maxnod) ,node(maxsid,12,maxloop),temp(4) 
commonjautojcoor ,node ,laet , un it 
common/tran/ntran(1000),kall 
logi c al found 

found=- .false. 
do 10 i = 1,kall 

if(abe(temp(l)-coor(1,ntren(i))) .le.0.005 .and . 
S abe(temp(2)-coor(2,ntran(i))).le . 0.005 . a.nd . 
$ abs (temp(3)-coor(3 ,ntran(i)) ). le.0.005) then 

kt = ntran(i) 
nod = i 
found = .true. 
go to 20 

end if 
10 continue 
20 continue 

if (found) then 
do 30 j = nod,kell - 1 

ntran ( j ) = ntran(j-1) 
30 continue 

c 

kall kall - 1 
el•e 

kall kall + 1 
ntran(kall) kt 
la•t = kt 

end if 

return 
end 

CN~~ DEFORl . FOR 
c•••• ••••• •••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••• 

subroutine deforl(xo,yo,zo,x,y,z,nodnum) 
c••• •••••••• •••••••••••••••••• •••••• •••••••••• · •• •••••••••• • •••••••••••••• 
c 
C PROGRAM : DEFORl.FOR 
c 
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c 
c 
c 
c 
c 

PURPOSE : DO THE DEFORWATION FOR BOUNDARY LINE 

WRITTEN BY : SSUTA BSU 
YODIFIED BY : 

CHECKED BY: 
CHECKED BY : 

DATE: OCT . 8, 1g88 
DATE: 

C ••·•••••••••••••••••••••••••••••••••••·•••••••••••• • •••••••••••• • •••••••• 
c 
C ALCORITRY EXPLANATION: deform the bounda ry linee fire t , then etore 
c xo , yo , z o ae r eference pointe to map the r eal nodee back to origina l 
c volume for a uto meshing 
c 
c• •• ••• •• ••• •• • ••••• • •••••••••••••••••••••••••••••• •• • •••••• • ••••••••••••• 
c 
c c a lled: deform.for -- free f ormed deformation 
c 
c ••••••••••••••••••••••• •••••••••••••••••• • • ••••••••••••••••••••• •• •••••• • 
c 
c c a lled by: g t e oli.for -- get voluae d a t a 
c 
c •••••• •• ••• •• ·••••••• •••• • ••••••• •• •••• ·•• ••· · • • • •••• • • ••• •·••• • •••• •• 

includ e 'para .inc ' 
dimene ion x (maxeid,l2),y (maxs id,l 2 ) ,z(max s id ,12),nodnum(l2) 
dimene ion xo(maxsid,12),yo(maxsid,12),zo (maxeid,12) 

c deformed after meehing the cube surfaces 
c 

10 
c 

d o 10 j : 1,12 
d o 10 i= l, nodnum(j) 

xi=x(i,j) 
yi s y(i,j) 
z i • z (i, j) 
c al l deform(xi,yi, z i, xd,yd ,zd) 
x(i,j) =xd 
y(i,j) =yd 
z (i,j) ~zd 
xo( i ,j )=xd 
yo ( i,j )2yd 
zo(i,j) =zd 

continue 

return 
end 

CNAWE DRSTOR . FOR 
c • • • •• •••••••• •• •••• • • • •••••••••••••••••••••••··••••• • • •••••••••••• ·•• •••• 

e ubroutin e drstor(xx,yy,zz,nodnum,unit) 
c ••• • •• •••• ••••• •••• •••• • ••••• • •••••••••••• • •••••••• •••• ••••• • • ••• • ••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAM: DRSTOR . FOR 

'~RPOSE : e to re the noda l informat ion f or plot 

WRITTEN BY : SSUTA BSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE: OCT . 8 , 1g88 
DATE: 

C•• ••••• • •••••• ••••• • • •• ••••••••• •·•····· ·•• •• ••••• •••••·•••• • ••• • ••••• •• • 
c 
C ALCORIT~~ EXPLANATION: STORE DATA INTO CRAPHIC BUCKET 
c 
c ••••••••••••• ••• ••• • • • ••• • • • •••• • •••• •••• • ••••••• • •••••• •• ••• • • • •••• • •••• 
c 
c c a ll e d: d e for m. for -- do the free formed deforma tion 
c 
c •••••••••••••••••••••••••••••••················•··•••••••••••••••••••• • •• 
c 
c 
c 
c 
c 

c a lled by: 
g t eoli. f o r 
vmeeh . f or 

get the orig ina l volume d a t a 
vo lume meeh controler 

c ••••••••••••••••••••••••••• • •••••••••••••••••••••••••••••••••••••••••• 
include 'para .inc ' 
dimene ioo xx(maxeid,12),yy(m&Xe i d , 12), zz(ma x e id,1 2),nodnum(l 2 ) 
dimene ion x(O:maxd eg ,max id), y (O: maxdeg ,maxid), 

I z ( O:maxdeg ,max id),ideg (maxid) , i e ur f ( 4 , 8 ) 
common/d a t a / x ,y, z ,ideg 
dat a i e urf / 1 , 8 ,2,6, 1 1 10 1 3, 9 , 10, 8 ,12,8 , 2,12,4 ,11, 

• g , 7 , 11,6 , 3,8 , 4 , 7 / 

c from the bounda ry linee e e gment e to get e ur fa c e bound a ry nodee 
c 

do 10 k z 1,8 
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30 

40 

num=- 1 
d o 20 i=1, 4 

line= i surf( i , k ) 
ln=nodnum(line)-1 
i f (i. e q. 1 . o r . i. eq.2)then 

do 30 j=1 , ln 
n um= n um+ l 
x i=xx (j,line ) 
y i = y y ( j ,line ) 
z i= zz ( j,line ) 
c a l l deiorm(xi, yi, zi , xd , yd,zd) 
x (num, k)=x d 
y (num,k)=yd 
z (num,k)=zd 

conti nue 
e l se 

do 40 j=ln+1, 2, - 1 
n um= num+1 
x i=xx ( j ,line) 
y i=yy (j ,line ) 
z i=zz (j,line ) 
c a ll d e form( x i, y i, z i, xd,yd ,zd) 
x(nu-:~ , k)=xd 
y (num, k) =y d 
z(num, k ) = z d 

continue 
e nd i i 

20 continue 
ideg (k) num 

10 con tin ue 
c 

retur n 
end 

CNA.\ffi EVE:'fl.l.{. FOR 
c• •• · · · - · · ·· ·· ••• • •• • ••· · - - ·~·· ·•·-•••·•• • •• •• - •• •• ••••• • • ••••••· · • • •••••• 

subr outine ev enum (dist,no dnum, iflag) 
C·• •· ·· • ·•• • • • ••• • ••• • •· · · · · • •••···~ · · · ·· ~ · ··· --· ·· · ·• •• ••• • • • •··-·· · ·· · ·• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: EVE~~~.FOR 

PURPOSE: s et t he s ur face close loop to be a n ev en number 

WRITTEN BY : SSUTA HSU 
l.IODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . 6 , 1088 
DATE: 

c-- · · ··· · ·· · · ···•··· ·•·· · · -··· · ··· · · · ···· ·· ·· · -· ···· ·········· ·· · -· · ··-· · · c 
C ALGORITHM EXPLANATION: CHECK THE CLOSE LOOP OF A SURFACE IF THE TOTAL 
C ~~l.{BER WAS NOT AN EVEN NUMBER THEN ADD 1 TO MAKE I T EVEN 
c 
c • • • •• • ••••• • •••• • •• • ••••••••••• •• • •••• • •• • • • • • • • •• • •••••• ••• •• • • • • • •• • • •• 
c 
c c a lled by: mshlin.ior - - me s h the bound a r y l ine s fi r s t 
c 
c •• • • •• ••• •• • •••••••• •••••• •• ·••• • •· • • • •• ••••• •• •• • •• •• ••• •• • • •••• •• • •• • • • 

c 

dimens ion nodnum(1 2 ) ,is urf(4 ,6) , line ( l2) ,i i l ag (l2) ,di s t(1 2 ) 
logica l f o und 
d a t a line / 1,2 , 3,4 1 6, 6 , 7,8,Q,10, 11 ,12/ 
d a t a i a ur f / 1 , 6 , 2 , 6 , l, l0 ,3, Q, 10,8,12 , 6 , 2 , 12 , 4 , 11, 

s 6, Q, 7 ,11, 3 , 8 , 4 , 7 / 

c incr e ase the l argest line s e gme nt b y one t o cha nge the opposi t 
c o dd number to even n umber. 
c 

do 10 i = l , 6 
do 010 j = 1 , 01 

i f(mod(no d n um(i e urf(j, i)) , 2 ) .ne . 
I mod ( nodnum ( iaurf( j +2,i )) , 2)) then 

i f ( l ine (isurf (j , i)) .gt .O . and . 
S li ne (isur f (j+2 ,i)) . gt .O)the n 

if (nodnum(ieurf ( j , i) ) . g t.nodnu m(isurf ( j +2,i))) then 
ic = isurf( j, i ) 

e l se 
ic = i s urf(j+2, i) 

end i f 
e l se i f (l ine (iaurf( j,i)) .g t. O)the n 

i c = i su r f (j,i ) 
e l s e i f (line (ia urf (j+ 2 ,i)) . g t. O)the n 

ic = i s urf (j+2 ,i) 
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2 0 
10 
c 

end i ! 
nodnum(ic) ~ nodnum(i:)+ l 
i!lag (ic) : 1 

e nd i ! 
line ( isu r f ( j,i)) -i s urf(j,i) 
line (isurf ( j+2,i)) = -i sur! ( j~2 ,i) 

continue 
continu e 

return 
e nd 

CNAWE F~WND.FOR 
c •• •• •• • •••• • •••• •••• •• • •••• • •• • ••••• ••• ••••• • •• •• • • •• •• •••• • • ••••• • • • • • •• 

e ubroutine fnewnd (li n e l, l ine2, num1 ,num2 ,le !t,loop,nseg , 
S oline ,nold ) 

C •••• • • • •• • • • • •• • ••••• • •••• • •• •• • • •• • • • • •• • ••• • •• • • • •• ••• •• • ••• • •• ••• • • • • • 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAU : FNEWND.FOR 

PURPOSE : FIND THE NEW NODES 

WRITTEN BY: SSVTA RSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6, 198 8 
DATE : 

C · · · ··· • • • • ••• • • ••• •• • • • ••• •• • • • •• • ••••• ••• • •• ••• • ·· • •••• •• • • • • • • •••• • ••• • 
c 
C ALGORITHM EXPLANATION: FIND THE OLD NODES, OR CREATE NEW NODES 
c 
c • • • - ••• •• • • • • • • • • ••• • •• • •••• • •••••• •• • • • • • • ••• •• • ••• •• • • • ••• •••• • • •••• 
c 
c c alled: vnewde.Cor 
c ckol in. f o r 
c 

f i nd the distance l o r the de f ormed line 
check the e x i stence of the old line 

c ••• • • •• •·• • • • • • • • • • • • • • • ·· ~ · - •• •• ••• • • • ••• •• •· · -·• • • •• • • • • • • •• •• • •••• • 

c 
c c a ll ed by: v newnd . f o r -- f i nd the new nod e 
c 
c • • •• •• • •••• •• • • • • • • • • • • ••• •••••• • ••• ••• • • • •• •• • • • ••• • • ••• • •• • • • •• • • ••• 

c 

include 'para . inc' 
dimension coor(4 ,maxnod) .node(max sid,l2 ,~ax loop) ,xo(maxeid) , 

S y o(maxs id) , z o (max s id) 
re a l new,neweum 
log i c a l oline 
eommon/au~o/eoor , node ,l ae t , uni~ 
common/oldl n / nnum ( 20 , maxs id• 8 ) ,lold(ma x e id•6) , n a ll 

clines. fals e . 
n u m = node(l,l e ft, loop) 
nod1 = node(num1~1 ,l ine1 ,loop) 
nod2 ~ n o d e (num2+l, l ine2 , loop) 

c i f thi s line was a n a l r e ady e x i st o ~d line t h e n r e turn require par ame t e r 
c for copy i t e line d a ta 

do 30 i = 1 ,na ll 
if ( nod2. eq. nnum (lo ld (i), i ) . a n d . nod l. e q. nnum ( l , i)) t hen 

oline = .true . 
nold = i 
re tu rn 

e nd if 
30 continue 
c ... ch e ck !or the di e continue line case or parti a l line case 

call ckolin(nod1 ,nod2, ol i ne, nold) 
if(oline) re turn 

c 
c ! i nd the die t a nce l or the deformed line 
c 

c a ll vn ewd e (nod l,nod2,num,xo, yo ,ao, die t ) 
c 
c find the r e quire eegme n t e ( e ve n n u mb e r in a cloe e polyg o n ) f o r 
c the d e!orma t e d line 
c 

c 

ne eg = nint(di e t /unit) + 1 
if(nseg .lt. 2 ) neeg = 2 
i e u m = numl + n um2 + num + n s eg 
if(mod(i e um,2) . ne .O)then 

neeg = neeg + 1 
end i f 

c map thi e line b a c k to t he refe r e nc e he x a hedron 
c 
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ne~=d i st/(naeg- 1 ) 
o l d = l . Oe30 
k = 0 
n e we um=n ew 
i : 0 
olda um=O . O 
rati o =0 . 0 

10 cont i n u e 
i f (n eweum. l e . o l d e um+0.001 ) the n 

d i ff = neweum - (olds u m-ol d ) 
if(diff. gt . ne~) diff=new 
ratio = r a tio + d i ff / old / ( n um- 1) 
k = k + l 
coor (1,la st+k ) =coor (1 ,nodl ) + (coor ( 1,nod2) - coor {1,nodl )) 

S • rat io 
c oor (2,las t+k)=coo r ( 2 ,nodl ) + (coor ( 2,no d2)-coor ( 2 ,nod1)) 

S •rat i o 
c o o r(3, l aa t+ k)=coor ( 3 , nodl ) + (coor{3,nod2)-coor ( 3 ,nod1 )) 

$ •rati o 
coor ( 4 ,last+k) =r atio 
ne~s um = ne~· ( k+ 1) 

else 
d i ff = olds um - new•k 
i f(diff . g t.o l d)diff=old 
rat io = rat i o + diff/ old/ (num- 1 ) 
i = i ..- 1 
ol d = sqrt((xo ( i +1) -xo(i )) ••2 + ( yo(i+l) -

$ yo(i)) ••2 + (zo ( i+ 1) - zo( i )) • • 2) 
o l ds um = oldaum + o l d 

end i f 
i f ( k . ge . nseg - 2 ) g o to 20 
g o to 10 

20 continu e 
c 

return 
end 

CNAME GTSIDE . FO R 
c•· ·· · ·· ·· --· w· · ·· --·····- -· -- ---- ---· ·· · ------ --·-···-· · · · ·· ·· · · · · -·-· · · -

s u brouti n e g t s i d e (i b e g ,ne xt , left ,nr i t ) 
c -- - ·· ·····-···· · ··· · ··· · · · ·· · · · · · - · ···-··-· - ·· · · ······ · · · ·- ····· · ···· - ~- -

PROGRAM : GTSIDE . FOR 
c 
c 
c 
c 
c 
c 
c 
c 

PVRPOSE : Fl~D THE OTHER OPPOSITE LI~~S OF A GIVE~ SURFACE 

WRI TTEN BY: SSUTA BSU 
MODI FIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6 , 1988 
DATE : 

C• • • • • •· • • • •• ·· •• •• • •••• • •••••• • •• • •• • • • • • • • ••-••• • • •••••• • • •• •• • • •• • *••• • 
c 
C ALGORITH~ EXPLANATION : from the g i ven o ppo s ite l i nea to f ind t h e o the 
c o ppo s i t e l i nea o f that surface 
c 

c 
c c a l led by : 
c vgtnod.for fi nd the best nocie for s p l it l i ne 

f i nd the new distance c vne~nd .for 
c 
c •••• •• •••••• •• •• ••••••• • • • •• • • • • • ••••••••• • •• • • • * • • • • • • • ••• • • • • ••• • • • • • •• 
c f o r x d i re c t i on 

if(i b eg .eq.l . a nd . next. eq . 2 )the n 
left = o 
nr i t = 6 

e l s e if ( ibeg . e q. l . a nd. next .eq. 3 )the n 
l e ft = Q 
n r it • 10 

e l se i f (i beg . eq . 2 . and. next.eq. 4 )the n 
l eft = 11 
nr i t. = 12 

e l e e i f( i beg.eq. 3 . and . next . e q. 4 ) the n 
left = 7 
nrit = 8 

c f o r y d ire ction 
e l s e i f(ibeg . e q . o . a n d . n ext. e q. e )the n 

lef t = 1 
nr it = 2 

e l ee i f (i beg.eq . o . and . next. e q . 7 )the n 
l eft Q 
nrit = 11 
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e ls e if (ibeg . e q . 6 . a nd. next. eq. 8)then 
l eft "' 10 
nrit = 12 

else if(ibeg .eq. 7 . a nd . next.eq , 8 ) then 
left = 3 
nrit = 4 

c for z direction 

c 

e l •e if (ibeg .eq. Q . and . next . eq .10)th en 
l eft = 1 
nrit = 3 

el•e if(ibeg .eq.Q . and. next.eq .l l)then 
left = 6 
nrit = 7 

e l• e if(ibeg . eq . 11 . and. next.eq.l 2)then 
l eft = 2 
nrit = 4 

e l•e if ( ibeg . eq.lO . a nd. next.eq. l2)then 
l eft 6 
nrit = 8 

e nd if 

re turn 
e nd 

CNAME LFLAG.FOR 
c ••••• ·••• •• ·· •••• •• ••• •• • •• • •••••• • ••• ••• • •M••• •~· · • •••••••••••• • ••••• • •• 

subrout ine lflag(loop,linel,line2,1ine3 ,line4 ,if lag ) 
c- -················ · ·~ ··· -··• * ··············· · ····· - ·············-·- -·-- ·· c 
c 
c 
c 
c 
c 
c 
c 
c 

PROCR~~: LFLAG . FOR 

PURPOSE: SET FLAG FOR THE LINES 

WRITTEN BY: SSUTA HSU 
MODIFIED BY : 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6 , 1Q88 
DATE: 

C ALGORITHM EXPLANATION: check the number of ~des o n eac h l ine at x , y, 
c or z di rect ion and set f lag for th em 
c 
c •••• • ••••••••••• •• •••••• •••••••••·········-··· • •• •• ••• • •• ••· ~· ···· · ···- ~ 

c 
c call ed by : lnfl ag .for - - get flag number for line• 
c 
c•••••••••••••••••••••••••••••• • ••••••••• • •~·· · ••• •••••••••••••••••••••••• 

c 
c for 

c 
c for 

include 'para.inc' 
dimen•ion coor(4,maxnod),node(maxsid,l '!, maxloop) 
common/ a uto/coor ,node,laat,unit 

numl nod e (l, li n e l,loop) 
num2 = n o de(1, l ine2,loop) 
n um3 = node (l,line3 ,loop) 
num4 = node(l , line4 ,loop) 
if ( num1.eq . 2 . and. num2. eq.2 .and . 

$ num3.eq.2 . a nd . num4.eq.2)then 

I 

s 

s 

• 

• s 
I 

I 
I 

iflag = 0 

t ran•ition c ase 1. 
el•e if(numl . e q. 4 .and. num2 . eq .2 .and . num3 . eq.2 

. and. num4. eq . 2 )then 
iflag = ll 

el•e if (num2 . eq. 4 .and. num3. e q.2 .and. num4.eq.2 
. and . numl . e q. 2 )then 

i f lag = 12 
e l •e if ( num3.eq . 4 . a nd. num4.eq.2 . and. numl . eq . 2 

. and. num2.eq . 2) then 
ifl ag = 13 

e l•e if (nulll4 . eq . 4 . a nd. numl.eq. 2 . a .nd . num2.eq . 2 
. a nd. num3 . eq . 2 )then 

i flag = 14 

tra n • it ion case 2 . 
e lse if((num l . eq. 2 .and . n u m3.eq.2 . a nd . 

mo d(num2,2) .eq.O .and. mod(num4, 2) . eq.O) .or. 
( n um2 . e q. 2 .and. num4 . eq.2 . a nd. 
mo d(num1,2) . eq.O . and. mod(num3 , 2) . eq.O) ) then 

iflag = 21 
e lse if((numl . eq.2 .and. num2 . eq . 2 . a nd. 

mod(num3, 2) .eq.O . a nd. mo d(num4,2) . eq.O) .or. 
(num3 . eq.2 . a nd. num4 .eq . 2 . a nd. 
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S mod(numl,2).eq.O . and. mod (num2 , 2 ) .eq.O))the n 
iflag = 22 

c 
c for transition case 3. 
c else if(numl.eq.3 .and. num2 . eq.3 . and. ((num3.eq.2 .and. 
c S mod(num4,2).eq.O).or.(mod(num3,2) .eq.O . and . num4.eq.2}))then 
c iflag = 31 
c e l ae if(num3 .eq. 3 . a nd. num4.eq.3 .and. ((numl .eq. 2 . and. 
c S mod(num2,2).eq.O).or.(mod(num1,2).eq.O .and. num2.eq.2)))then 
c iflag = 32 
c elae if(numl. eq . 3 .and. num3 . eq.3 . and . ((num2.eq. 2 . a nd. 
c I mod(num4,2). eq .O).or.(mod(num2,2). eq .O . and . num4.eq.2)))then 
c if l ag = 33 
c e lse if(num2.eq.3 .and. num4 .eq .3 .and. ({numl.eq.2 .and. 
c $ mod (num3,2).eq.O).or.(mod(numl,2) .eq. O . and . num3.eq.2)))then 
c if l ag = 34 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

for transition c a.se 4 
else if((numl.eq.3 .and. mod(num4,2) .eq.O 

$ .and. mod (num2,2) . eq.O) .or. 
$ (numl . eq.3 . and. mod(num2,2) . eq . O 
$ . and . mod(num4,2).eq . O) .or. 
$ (numl.eq. 3 . and . mod(num3,2). eq . O 
$ . and . mod(num2,2).eq.O}) then 

if l ag = 41 
else if((num2.eq.3 . and. mod(num3,2). eq.O 

$ .and. mod(numl,2) .eq . O} .or. 
$ (num2 .eq.3 .and. mo d(numl,2} . eq .O 
$ . and . mod(num3,2) . eq . O) .or. 
$ (num2 .eq. 3 .and. mod(num4,2) . eq . O 
$ .and. mo d(numl,2) . eq .O)) then 

if lag = 42 
else if((num3.eq.3 . and. mod(nuo2,2) . eq . O 

$ . a nd . mod(num4,2) .eq.O) .or. 
$ (nua:3 .eq. 3 . a nd. mod(numl,2) . eq.O 
$ .and. mod(num4,2) .eq . O) .or . 
$ (num3.eq.3 .and. mod ( num4,2) .eq.O 
$ .and. mod(num2 , 2 ) .eq .O)) then 

if lag = 43 
e l se if((num4.eq.3 .and. mod (num1,2) .eq 0 

$ . and. mod(num3,2} .eq.O) .or. 
$ (num4.eq. 3 .and. mod(num2 ,2) . eq 0 
$ . and. mod(num3, 2 ).eq.O) .or. 
$ (num4.eq.3 . and. mod (num3,2) .e~.O 

• . and . mod(numl,2) .eq .O)) then 
if lag = 4 4 

c for regular s ubdivi s ion 
else if(numl.ne . 2 . and. num3 .ne.2 . and. 

$ num2.ne . 2 .and. num4 . ne.2)then 
iflag = 6 

c 
c unknown situation 
c 

else 
if l ag 5 

end if 

return 
end 

CNA.\CE LL~DIS. FOR 

transition c ase 5 

. and . mod(num3, 2 ) .eq.O 

. and . mod(num3,2) .eq.O 

.and. mod(num4,2) .eq.O 

.and. mod(num4, 2) .eq.O 

.and. mod(num4,2).eq.O 

. and. mod (num3,2) . eq . O 

. and. mod(num1,2) .eq. O 

.and. mod(num2, 2 ) .eq . O 

. and. mod(num1,2) .eq.O 

. and . mod(num2,2) .eq.O 

. a.nd. mod(numl , 2) . eq.O 

. and . mod(num2,2) .eq.O 

c · •· • ••• ••• ••••• • ••• ••••••• *••••••••••*• • ••· ••••••• •••••••••••••••••••• ••• 
subrout i ne lindis(num,j,x,y,z,maKd,d i st) 

C•••• • • •• •••••• •• ••• ••••••••••• • ••• •••••~• • •• •• ••••••••••• • ••••••••• •••• • • 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAWz LINDIS.FOR 

PURPOSE: find the dista nce for 12 boundary lines 

WRITTEN BY: SSUTA RSU 
MODIFIED BY: 

CHECKED BY : 
CHECKED BY: 

DATE: OCT. 6, 1Q88 
DATE: 

C• ••••• •••• •• • • •••••••••• •• ••••••••••• ••· •• • • •••• • ••••••••••••• ••••••• •••• 
c 
C ALGORITHM EXPLANATION: USE LINEAR METHOD TO FIND THE DISTANCE 
c 
c •• •• • •••••••••••••••••••••••••••·•••••••• ••• •• • ••••••••• • • •• •••• ·• ••••••• 
c 
c called by: mehlin.for -- meeh the boundary line• first 
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c 
c ••••••••••••• •• • •••••••••• ••••• ••• ••••••*•••••••••••••••••••••••••••••••• 

dimen• ion x (maxd,l2),y(maxd,12), z (maxd,12) 
c 

• uma O. O 
do 10 i = 1,num 

e um a e um+ e qrt((x(i•l,j) - x(i,j)) ••2 + 
I ( y (i+l,j) - y (i,j)) ••2 + ( z (i• l,j ) - z (i,j)) ••2 ) 

10 continue 

c 
di e t a e um 

re tur n 
e nd 

CNAWE LINNOD . FOR 
e ••••••••••••••••• • •••••••• •• ••••••• •• •• ••• •••••••••••••••••••••••*••••••• 

e ubroutine l innod ( nx ,ny,nz,xg, yg , zg , x , y,z , maxd,nodnum) 
C· •••••••••••••• • • •• ••••••••••••••••••••••••••••••••••••••••·•• ••••••••••• 

c 
c 
c 
c 
c 
c 
c 

PROGRAM: LINNOD. FOR 

Pu~POSE: f ind the noda l d ata for t•elve linee 

WRITTEN BY : SSUTA HSU 
MODIFI ED BY: 

CHECKED BY : 
CHECKED BY: 

DATE: OCT . 6, 1088 
DATE : 

C• •·· ··~· · • •••• •••••• ••·~••• · •·• ••••• • •• ••• • ••• •• ••••• ••••• ••••••••••••••• 
c 
C ALCORITHW EXPLANATIO~: 
c 

c 
c c a l l ed by : g t eoli.for - - prepare t~e info rma tion f or meshing 
c 
c • • •• • ••· • •••••••••· ·· ······· · ·· ········ -· ·· ··• • • ••• • •••••••••••••••• • ••• • 

c 

d i me nsion x ( maxd , 12) ,y (maxd,12) ,z(maxc,1 2),no dnum ( 12) 
d i mens i on xg ( 8 ) ,yg (8),zg (8 ),ick ( 2 4 ) 
data ick / 1, 4 ,6,8,2 , 3,6,7, 1, 2 , 6 , 6 , 4 , 3,A,7, 1,2, 4 ,3 , 6, 8,8 , 7 / 

c sto r e nodee on x dire ct ion line 1 ,2 , 3 , 4 
c 

do 20 ~= 1, 4 
do 10 i • 1 ,nx+l 

r a t i o =f loat (i- 1) / fl o a t(nx ) 
x(i, m) =xg (ick ( m))+(xg (ick (m-4 )) - xg ( i ck(m))) •ratio 
y (i, m)=yg ( i c k(m))+(yg (ick(m- 4 )) - yg(ick(m))) • r a tio 
~ (i ,m) =cg (ick(m))+(zg (ick (m-4)) - zg(i ck (m))) • ratio 

10 continue 
no dnum ( m)=nx • l 

20 cont i nue 
c 
c etore node e on y d irection line 6,6 , 7 , 8 
c 

do 40 m=Q,l2 
d o 30 i • 1,ny ~l 

r a tioa !loat(i -1) / f loat( ny) 
x(i,m- 4 )=xg (ick ( m)) • (xg(ick ( m+4))-xg(i c k ( m)))•ra t o 
y(i, m- 4 )=yg(ick(m))+{yg(ick(m+4 ))-yg (ick (m))) • r a t o 
z (i, m- 4 )=zg (ick (m))+(zg(ick ( m+4))-zg (ick (m))) • rat o 

30 continue 
nodnum(m-4 )=ny +1 

40 continue 
c 
c e tore node s on z d i rection line 0,10,11,12 
c 

do 60 m=17,20 
do 60 i•1,na +1 

ratio•floa t(i-1)/f loat ( nz) 
x (i,m- 8 )=xg (ick(m))+(xg ( ick ( m+4)) - xg (ick(m)) )•ra tio 
y (i, m- 8 )=yg (ick ( m))•(yg (ick(m+4 ))-yg (ick ( m))) •ratio 
z (i, m- 8 )=zg (ick ( m))•(zg ( ick ( m•4))-zg (ick(m))) • r a tio 

60 continue 
nodnum(m- B) =nz+l 

6 0 continue 
c 

re turn 
end 

CNAWE LNFLAC.FOR 
c • •• ••• • •• •••••• ••••••• •••• • • ••••• ••••• ••• •••••••• • ••• •••• •• ••• •••• •• •••• • 

e ubroutin e ln£lag( loop, iflagx, i!lagy ,i f l agz) 
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C• •••••••••• • ••• • ••• ·•·•••••••••••••••••••••••*•••••• • ••••••••••• • •• • • •• • •· 

PROCRAW : LNFLAG. FOR 

PURPOSE: SET NODAL FLAG FOR X,Y,Z DIRECTION 

c 
c 
c 
c 
c 
c 
c 
c 

WRITTEN BY : SSUTA RSU 
lol OOIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE : OCT. 8 , 1088 
DATE : 

C••• •• •••• • • • •••••••••••••••••••• • •••••• • ••• • •• • ••••• • • • •• •• •••••••••••••• 
c 
C ALGORITHW EXPLANATION: cheek the number o f nodes on e a ch line to 
e determind the require flag numbe r for prope r proeeeeina . 
e 
c ••• • • • •••• • ••••••••• •• • ••• •• • •••• • ••• • •• • ••• • ••••••••• •••• • • ••••••••••• • • 
e 
c 
e 

called lfl ag.for - - e e t fl ag for the require direction 

c • ••• • ••••• • • • • ••• •• • • • •• • ••• ••••• • ••·•••• ••• •• • • •• • • • ••• • ••••••••• • •••••• 
c 
c called by: vmeeh . f o r -- volume mes h controler 
e 
c • •••• •• • •••••• • • • • • •••• • ••••••••• • •• • • ••• • • • ••••• • •• •• ••••••• • ••••••·•••• 
c 
e se t 
c 

c 
e se t 
e 

e 
e set 
c 

c 

fl ag for l( direction 

c a ll lflag(loop,l,2,3,4,iflagx ) 

flag for y d irection 

c a ll l f l ag (loop,6,6,7,8,if l agy) 

f l ag f or c direction 

call l!lag (loop ,O,l0,11, 12 , iflagz) 

return 
e nd 

CNA.'.!E !.a' BACK . FOR 
c •- ·• ··· · ·· · · ··· • ••· • ••• •• ••••• • ••••••• • •• ••• • • ••• •• • • • •••••••• •• • •• •• • • • 

subroutine mpba ek(nx , ny,nz , xg, yg,zg,dis . , xo,yo,zo,x,y, z , w 
S ,nodnum) 

C••• ••••• •• • • •• •• •• • • • ••• • ••••••••• ••• •• ••• • •• - · • ••• •• ••••••••• · • ••• • • ·•• • 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : WPBACK.FOR 

P~RPOSE: mapped the node a back t o orig inal vol ume f o r mesh i ng 

WRITTEN BY : SSvTA BSU 
WODIFIED BY: 

CHECKED BY : 
CHECKED BY : 

DATE : OCT. 
DATE : 

8, 

C· •······· · · ·· · · ······ · · · · ·• · · · · ·· ··········· · •· ••• ••• ••• •· · · ·•·•••••••• •• 
c 
C ALGORITHM EXPLANATION : FIND THE PROPER LOCATION OF E.ACH DEFORMED NODE 
C IN IT'S ORIGINAL CUBE FOR FURTHER PROCESSING 
c 
c• ••••••• • • · •• • • • •••·••• • ••• • •• • •• • •••••••• •• • • ••••• • • ••••••••••••••••• • •• 

c c a lled by: gte oli.for -- prepa r e the volume infor~ation 
e 
c • ••• •• • •• •• •• •• • •••• • • • •• • ••• • ••••••• • •····· ~ ·••••• •• •• • •••• • •••• • ••• • ••• 

include 'pa r a .in c ' 
re a l new,newa um 
d imena ion x (maxeid,l2), y ( maxa id,l2),z(maxa id,12),w ( maxe id, l2) 
d ime n e ion xo ( ma x e id, l 2 ) ,yo ( maxaid,l2), z o(maxeid,12), 

I nodnum(12) , di e t(l 2 ) 
d i me n a ion x g (8),ya ( S ), zg ( 8 ), iek (24 ) 
d a t a iek/ 1 , 4 ,6 ,8 , 1 , 2 ,6, &,1, 2 , 4 , 3 , 2, 3 ,&, 7,4, 3, 8 ,7,6 , &,8, 7 / 

d o 20 j • 1 , 12 
i f (j. le . 4)the n 

nma nx 
e l e e i f (j. g t. 8 )the n 

n aa• n z 
e l ee 

nms ny 
end i f 

newc di e t(j)/(nodnum(j)-1) 
old= l .Oe30 
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1 0 

2 0 
c 

$ 

k=O 
newsum=O . O 
i =O 
oldsum=O . O 

r atio = 0 . 0 
cont inue 
if ( n ews u m.l e .olds um+O.OOl)then 

dif f = news u m - ( o l dsum- o l d ) 
i! (di ff . g t. n e w)diff = new 
ratio = r a tio + d i ff / o ld/ nm 
i f (rat io . g t.l. O)ra t i o = l . O 
k = k +l 
x(k,j) =xg (ick ( j))+(xg ( i c k (j+ l2) ) - x g (ick( j))) • ratio 
y(k,j) =yg (ick ( j))+(yg( ick ( j +l2))-yg(ic k ( j)) ) • r a tio 
z(k , j) =zg (ick ( j ) ) +( z g ( i c k ( j +l2) )-zg ( i c k (j))) • r atio 
w( k , j ) ratio 
newsum = new• k 

e l se 
di ff = o l d e um - new• (k- 1) 
i f ( diff . g t.o l d ) d i f f =old 
r ati o = r a t i o + d i ff /old/ nm 
i = i +l 
old= s qrt(( xo(i +l,j) - x o(i, j )) ••2 + ( yo (it l ,j) -

yo(i,j)) • •2 t ( zo ( i +l,j) - zo (i ,j)) ••2) 
o ldsu m = old s um + old 

end if 
if(k . g e . no dnu m( j )) g o to 2 0 
g o to 10 

continu e 

re turn 
e nd 

CNk~ MSHLIN . FOR 

s ubroutine mshl i n ( nx ,ny , nz,x , y,z, n od n urn,unit, d i st) 

c 
c 
c 
c 
c 
c 
c 
c 

PROGRk~ : MSHLIN.FOR 

PURPOSE : MESH THE T'li'EL VE BOUNDARY l,ll'iE 

~~ITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . 6, 1088 
DATE: 

C• •••• • • ••• •••••••• •• • •• • • • • •••••••• • • •••••••••••••••••• •••••••••• •••• •• •• 
c 
C ALGOR I THM EXPLANATIO~ : FIND THE NODES ON BOUNDARY LINE BY THE REQUlRE 
C ELEMENT SIZE 
c 
c •••• ••••• • ••• • •••• •• • • •• •• • • • •• · • • • ••• •••• ••••• • • ••• • • • •• ••••••••• •• ••• • • 
c 
c ce.lled: 
c li nd ie . for f ind t he tot al d ista nce of a deformed line 

se t t he total nod e number to be even numbe r c ev e num . for 
c r e node . for i f the number i s not e ven t h e n re s et the number 
c 
c•• • • • • •• • • • • • ••• • •• • • ••••••••••••• • • • • • • ••• • • ••••• ••• • • • • • • • ••••••••• •• •• 
c 
c c a l l e d by: gtso l i.for -- prepe.r e the informa tion ! or mesh i ng 
c 
c • • • •• •• •• · •••·• • - • • • • •• • • •• • • •••• •• ••• • • •• ••••• •••• •• • •• •• •••• • •• •••• • • • • 

c 

c 

inc lud e ' para . inc' 
d i mension x (ma x e id,l 2 ) , y ( maxe i d , 12) ,z ( maxe i d , l 2),nodnum(l2) 
d i mension xb ( maxe i d),yb(maxsid) ,zb(maxeid) ,di•t( l 2 ) ,i! l ag ( 12 ) 

d o ~0 j=l , l 2 
eum=O.O 
nnod=O 
g d ie=O.O 
if(j.le . 4 )the n 

num=nx 
els e if ( j . g t . 4 . a nd. j . le . 8 )then 

n um=ny 
e l se if( j .gt .8)then 

num=nz 
end if 

c f ind the boundary di e tancee for eac h line fir• t 
c 
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call lindis(num,j,x,y,z,maxeid,dis) 
c 
c reset the segment of e a ch line af ter deformated 
c 

naeg = nint(dis/unit) 
if(naeg . eq .O) nseg=l 
fdis=dia/naeg 
do 10 i=l,num+l 

if (i . gt.l) then 
dele= aqrt( (x(i ,j )-x (i-1,j)) ••2 + (y(i, j)

y(i- l , j )) ••2 + ( z (i,j)- z (i-1, j)) ••2) 
sum = s um•de lt 

e l se 

c 

delt = 1. e10 
end i f 

c if the fi nal length between two node (delt) is greater than d eformed length 
c then increase the deformed node nUIIlber otherwise increase the final node 
c n umber. 
11 i f (gd i s .le.sum+.OOl ) then 

nnod=nnod•1 
if(nnod . g t.maxs id)then 

write ( • , • ) ' ERROR increase maxs id to',nnod 
return 

end if 
di f f= s um-gdis 
xb(nnod ) = x (i ,j) - (x( , j)-x(i-l ,j))/delt•dif! 
yb(nnod) = y(i,j) - (y( ,j)-y (i-1,j))/delt•diff 
zb(nnod) = z( i, j) - (z( ,j)-z(i-1, j ))/delt-diff 
gd i a=gdis +Idi s 

10 

c 

go to 11 
end i f 

continue 
nodnum(j) =n nod 

c restore the line node data 
do 30 i=1,nnod 

x ( i, j) =x b ( i) 
y (i ,j) =yb( i) 
z(i,j) = z b(i) 

30 continu e 
diat(j)=di s 

20 continu e 
c 
c se t t h e surface close loop is even number to perform hexahedron mesh 
c 

c 

call evenum(dist,nodnum,iflag) 
call renode(nx,ny ,nz,x ,y,z, nodnum,diet, iflag) 

re turn 
end 

CNAME NDDLI~.FDR 
c•••• •*•••• ••• • •••••••••••••••••••••~•••••••••••••••••••••• ••• •••• •••••••• 

subrouti ne nodl in(xg ,yg,zg,nx ,ny, nz,x,y,z) 
c•• ••••••••••••••••••••••••••••••••••••••••••••••••••••••• • *•••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: NODLIN. FOR 

PURPOSE : s tore the nodes d ata of twelve linea 

WRITTEN BY : SSUTA HSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE : OCT. 6, 1088 
DATE: 

C• •••••••••••••••••••••••••••••••• •••·•••••••••••·••·•••••••• •• ••••••••••• 
c 
C ALCORITHW EXPLANATION , 
c 
c •••••••••••••••••••••••••••••••• • ••••••••• • •••••••••••••••••••••••••••••• 
c 
c c alled : 
c 
c• ••·••••••••• • •••••••••• ••••••• • •• • ••••••••••• • •••••••••••••••••••••••••• 
c 
c c a lled by: orimsh.for -- find the origin~l meeh 
c 
c •••••••••-•••••••••-••••• ••• ••••••••••••••••••• • ••••••••••••••••••••••••• 

dimens ion x(nx+l,ny+1,nz+1),y(nx+l,ny+l,nz+l),z(nx+1,ny+1,nz+1) 
dimene ion xg(8) ,yg ( 8),zg(8), ick(8) 
data ick/1, 2,4 , 3, 6, 6 , 8 , 7 / 
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c 
c store the corner point first 
c 

10 

m = 0 
do 10 k = l,nz+l,nz 

do 10 j = l,ny~l,ny 
do 10 i = l,nx+l,nx 

m = m+1 
x(i,j,k) 
y (i,j ,k) 
z (i, j,k) 

continue 

xg(ick (m)) 
yg(ick(m)) 
zg(ick(m)) 

c store nodes into x-direct i on bound ary lines 
c 

20 

do 20 k = l ,n z +l ,nz 
do 20 j=l,ny+l,ny 

do 20 i =2 ,nx 
r~tio=f lo~t(i - 1) /f lo~t(nx) 
x(i,j,k) x(l,j,k) ~ (x(nx+l ,j,k) - x(l,j,k) ) · r~tio 
y (i,j ,k) y (l ,j,k) + (y(nx~l,j,k) - y(l,j,k)) · r~t io 
z( i , j ,k ) = z ( l,j,k) + ( z(nx+l 1 j,k) - z(l,j,k) ) • rat io 

continue 

c store nodes into y - direction boundary lines 
c 

30 

do 30 k =l,nz•l,nz 
do 30 i = l, nx • l,nx 

do 30 j =2,ny 
rat i o =float(j-1) / float ( ny) 
x (i ,j , k) x (i,l,k ) + ( x ( i,ny ~ l, k) - x (i ,l , k)) •rat i o 
y ( i,j,k) y ( i, l ,k) + ( y ( i,ny• l,k) - y(i,l,k)) • rati o 
z (i, j,k) = z ( i,1,k) + (z (i ,ny +l, k ) - z (i,l, k)) • rat i o 

continue 

c sto re nodes into z - d i rection boundary lines 

40 
c 

do 40 i = l 1 nx•1 1 nx 
d o 40 j = l,ny+l,ny 

do 40 k=2,nz 
ratio=fl o at(k - 1)/flo a t(n z ) 
x (i,j, k ) x(i,j,l) + ( x (i,j,nz +: ) - x(i ,j,1)) • ratio 
y(i , j,k) y(i, j, l ) + (y(i,j,nz·•) - y(i,j,l))•ratio 
z(i,j,k) z(i,j,l) + ( z (i ,j,nz - 1) - z (i,j,l))•ra t i o 

continue 

ret urn 
e nd 

CN~~ ~ODSTO .FOR 
c • •• • ••••••• • • • • •• • • •• •• ••••• ••• • •• •••••• ••••••••••••••••••···•••• ••• • • ••• 

subroutine no dsto(cname,nx,ny,nz) 
c ••• ••••• •·•••••••••• •••••• • • •• •·• •• •• ••• •• • •••••••••••• ••••••• •• • • • • •••• • 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: NODSTO.FOR 

PURPOSE: store all the nodes for movie f i le displ~y 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY : 

DATE : OCT . 6, 
DATE: 

1Q88 

C······---··············· · · · · · · ····~--········ ·· ···· - ···· ···· ············· c 
C ALGORITKM EXPLANATION: 
c 
c ••••••••••••••••••••••••••••• ••••••• • •• •• • ••••••••• •••••••• • ••• ••••• ••••• 
c 
c called: 
c 
c•••• • ••• •••••••••••••••••••••• •••• •••••••••••••••••••••••••••••• ••••••••• 
c 
c c~lled by: orimsh.for -- find the origi n~! meeh 
c 
c •••-•••·••···••• • • ••••••••••• • ••• • • •• •••••••• ••••••• ••• •• ••• • •• ••• • •••••• 

include 'p~r~.inc' 
dimens ion x(O : m~xdeg,m~xid),y (O : m~xdeg,maxid), 

I z(O:maxdeg , maxid) ,id eg (m~x i d) 
common / d a t a / x,y , z,ideg 
d i mens ion coor(4,m~xnod) ,nod e (maxsid,l2,maxloop),jp(4•max id ) 
common/ auto/ coor, node, l ast ,uni t 
ch~r~cter cn~me• ( • ) 
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i mov "' 13 
ope n(imov , fil e =cn&me/ / '.def ', e t a tue='new ') 

n p c 1 
ic = 0 
n pt = 0 

c e tor e me e h f or the f r ont, bac k fac e 

ic = 0 
m a (nx+1) • (ny+ 1) 
do 10 It ,. O, m,m 

do 10 j = l, ny 
do 10 i = l,nx 

jp(ic• l) : k•(nx +l) • (j- l )•i 
j p (ic+ 2 ) = k+( nx• l ) • (j- l )+i+ l 
jp(ic+3 ) = k +(nx +1) • j•i+ l 
j p(ic+4 ) = -(k • ( n x • l ) • j +i) 
ic = ie + 4 

10 continue 
c 
c s tore meeh for the l ef t , ri g ht fac e 

n • (ny +1 ) •( n z +l) 
do 20 It= 2•m,(2 •m+n), n 

do 20 j = l ,ny 
do 20 i = l ,oz 

jp(ic+l) k ... (n z +1) • (j-l)+i 
jp(ic+2 ) = k +(n z•l) • (j- 1 )+i+ l 
jp(ic•3} = k·(n z +l} • j • i+1 
jp(ic+4} = -(k•(nz+l) • j+i) 
ic = ie + 4 

20 continue 

c etor e mesh for the top,bottom face 
c 

1 ,. ( nx +1) • (nz• l ) 
d o 30 k = 2 • (m•n),(2• ( m•n) -l ) , l 

do 30 j = l ,nz 
do 30 i = l ,nx 

jp(ic+1) k .(nx+l) • (j- l )•i 
jp(ic•2) • k •(nx •1) • (j- l )+i+l 
jp(ic+3 ) = k ·(nx+ 1) • j•i•l 
jp(ic+4 ) = -(k+(ox+l) • j+ i ) 
i c = ic ... 4 

3 0 continue 

c 

nedg e • ic 
nj "' l ae t 
npt = ic/4 

c e tor e meeh f or plot 
c 

6 0 

40 

do 40 i d .. l, npt 
do 60 me= 1, 4 

i f ( mc. eq . 4 ) then 
x(mc:- l ,id) 
y ( mc-l, id) 
z ( mc- l , id) 

e l ee 
x ( mc- l ,id ) 
y(mc-l,id) 
z ( mc- 1 ,id) 

e nd i f 
continue 
ideg {id) 

c on ti nue 
3 

coor( l ,- jp ((id - 1) •4 +mc)) 
coor( 2 ,-j p ((id - 1) • 4 +mc)) 
c:oor ( 3, -j p ((i d - 1) • 4 +mc)} 

coor ( l, j p ((id- 1) •4+ me)) 
coor( 2 ,j p ((id·l) •4•mc)) 
coor(3,jp((id- 1) •4+mc)} 

c defo rm the meeh f o r firet v i ew of the e h ape 
c 

do &0 i = 1,lae t 
c a ll d eform(coor (1,i),coor ( 2 1 i) , c:oor(3 ,i),xo, y o, zo) 
coor( l ,i) x o 
coor ( 2 ,i) y o 
coor(3, i) = z o 

&0 continue 

c write movi e polyg on f il e 
c 

write (imo v, l50) np , n j, npt, nedge 
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c 

write(imov,150) 
write ( imov, 180) 
write (imov 1 150) 
cloae (imov) 

150 ! o rm&t(10i8) 
180 f ormat(1p6e12 .5) 
c 

return 
end 

CNAME NODSUR.FOR 

np,npt 
((coor(i,j),i =1,3),j=l,nj) 
(jp(i),i=1,nedge) 

c ••• • • •• • • •••••• •••• • ••• ••• •••••••••• • ••••••••••••••••••••• •••••*••••••••• 
e ubroutine nodaur(nx,ny,nz ,x,y,z , m&xd) 

c•••••••••••••• •• ••• • •• •••• ••••••••• • • • • •••••••••••••••• • ••••••••••••••••• c 
C PROGRAM : NODSUR.FOR 
c 
C P~~OSE: atore the nodea data of aix • ~rf acea 
c 
C WRITTEN BY: 
C MODIFIED BY: 
c 

c 

SSUTA HSU 

C ALGORITHM EXPLANATION: 
c 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6, 
DATE : 

1088 

c •••••••••••·~·-· •••••• •• ••• •••••••••••••••• • · ·••••·~···••••••••••••••••*• 

c 
c called: 
c 
c •••• • •• • •••······-· ~ · ·~· ··· ····-~ · • •••• • ••••~·•• ••••• • ••••••••••••••••••• 
c 
c call e d by: o rimsh .for -- find the origina l ~eah 
c 

c 

c 

inc lude 'para.inc' 
dimension x (maxd , l2) 1 y(maxd, l 2),z(maxci 
d imens i on coor( 4 ,maxnod),node(maxsid , l · 
commo n/ a uto/coor,node,l a st ,unit 

nod = 0 

·· ···· -······· ··-· -··· ··· ··· 
12) 

max loop) 

c s tore nodes on two z d irection surface• 
c 

10 
c 
c store 
c 

20 
c 

do 10 k 5,7,2 
do 10 j 1 ,ny+1 

do 10 i = 1,nx+l 
nod no d +1 
ratio = i loat (i- 1) / f loa t(nx ) 
coor ( 1,nod) x(j,k)•(x(j,k • l )-x (j , k) ) • r &tio 
coor(2 , nod) y(j, k )+(y(j,k•1)-y (j, k))•rat io 
coor (3,nod) z (j,k)+(z(j,k+l)-z(j,k)) • r&tio 

continue 

nodes on t~o x direction surface• 

do 20 k = 6,8 
do 20 j 1 , ny + l 

do 20 i = 1,n:~:•1 
nod = nod +l 
r&t io = fl o at(i - 1)/ f loat (n z ) 
coor ( 1,nod) x (j,k)+(x(j,k+2)-x(j, k)) • rati o 
coor (2,nod) y{j,k) +(y(j,k+2)-y(j,k)) • ratio 
coor(3,nod) = z(j,k) •(z(j,k+2)-z (j ,k)) • r&tio 

continue 

c • tore node • on two y direction •urf&ce• 
c: 

do 30 k = Q, 11 , 2 
do 30 j l,nz+ l 

do 30 i = 1 ,nx+ 1 
nod nod+l 
ratio = !lo &t(i-1)/float(nx) 
coor(l,nod) x(j,k)+(x(j,k+l)-x(j, k))•r&tio 
coor(2,nod) y(j,k)+(y(j,k+l)-y(j,k))•ratio 
coor(3 ,nod) z(j ,k)+(z(j,k+l)-z(j,k) ) • r a tio 

30 continue 
la•t = nod 

c 
re turn 
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end 
CNAME ORIMSH.FOR 
c•••••••••• • •••• • •••• • •• • •••••••· • • • ••••• • • • • • • • ••• ••• ••••••••••• • ••• • • • •• 

subroutine orimah(xg,yg,zg ,nx,ny,nz ) 
c •••• • •••••••••• *•••••••••• • • ••• • ••• •••• • • • • •••••• • ••••• *•••••••••••••• ••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : ORIMS H.FOR 

PURPOSE : s tore the nod es d a t a !or origina l mesh 

WRITTEN BY: SSUTA RSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6, 1988 
DATE: 

C·•••· · ··· · ~ · ·· · · · · ·· ····· · ··· · ··· ·· ·· ··· -··· · ··*······· · ················ · c 
C ALGORITHM EXPLANATI ON: s tore the orig ina l me eh data for check the 
c difference with a utoma tic meshi ng 
c 
c• ••••••••••• • •••••••••••••••••••••••••••• • •• • •••• • ••• • • •• •• •••• •• • •••• •• • 

get the nodes for lines 
get th e nodes for surface 

c 
c 
c 
c 
c 
c 

c a lled: 
nodlin. for 
nods ur. f or 
nodsto. f or store a ll the nodes for g raphic bucket 

c•• ••••••• • •••••• • • • • • • •• ••• ••••• • • • •• • ••• ••••• ••• •• •••••• • •• ~ •••••• •• • •• • 

c 
c called by : g tsoli.for -- pre pare the informat ion for meshing 
c 
c • • • ·~ *·•·· ··· ~·-· · • •• •••• •• •• • •••• • •• • • ••• • • •• •• • •~ ·-··· •••••• •••• • ••• •• • 

c 

dimension x (20, 20 , 20) ,y(20,20,20) ,z(20,20 ,20) 
dimension xg (8) ,yg (8 ) ,zg (8) ,ick (8 ) 

c store the line node s 
c 

call nodlin (xg,yg,zg ,nx,ny ,n z , x , y,z ) 
c 
c sto re the surf a ce node s 
c 

call nodsur(nx,ny,nz,x,y,z) 

c store into the mesh for original meat plot 
c 

call nodsto(nx,ny, nz, x,y, z) 
c 

return 
end 

CN~~ PREPAR . FOR 
c• • ••• • • • • ••• •••••• •• •• • ••••••••• • ••• • •• •• • • ••• • ••• ••••• •• · ~· ··• • • •• ••• 

eubrout ine prepa r(x,y,z,w,nodnum,unitt) 
c•• • ••• • ••••• • • • ••• • •••• • ••••• •••• •••• • ••• • ••••••••• •••••••• •• ••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: PREPAR.FOR 

PURPOSE: • t o re the nooa l data for volume me shing 

WRITTEN BY: SSUTA HSU 
UODIFIED BY: 

CHECKED BY : 
CHECKED BY: 

DATE : OCT. 6, 1988 
DATE: 

C•*••••••• •• ••••• ••• • ••••• • •••••••••••••••• •••••• • • • ••• • • • • • ••••• •• ••••••• 
c 
C ALGORITHM EXPLANATION: 
c 
c••• • • • ••• • ••• ••• • •• •• • ••••• • •••• • • • ·••• • ~•• •• •••• • ••• • • • •••• • ••• • •• •• • •• • 

c 
c call e d by: g t s oli.for -- prepare the in f orma tion ! o r me s hing 
c 
c•••••••••••• • •••• • ••••••••• • •••••• • • ••• ••• • • • •••••••••••••••••••••• • ••••• 

c 

include 'pa r a .inc ' 
d i mene i o n x ( maxaid, 12) , y ( ma.x e i d , 1 2 ) , z (max a i d 1 12) 1 

I w(max a id 1 12),nodnum( l2) 
dimension coor(4 1 ma xnod),node(max aid,1 2 1 maxloop ) 
common/ a uto/coor 1 node,laat,unit 

c s tore the coord ina t e a nd we i ght for e ~ch nodes 
c 

k ~ 0 
do 10 j = 1 1 12 

if(j.le. 4)then 
ibe g = 1 
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c 

iend 
e l ae 

ibeg 
i e nd 

e nd i f 

nodnu<a(j) 

2 
nodnuc(j)-1 

c get the line noda l information !or the ! i rat vol u•e 
c 

20 
c 

node ( l,j,l) • nodnum(j ) 
do 20 i = ibeg,iend 

k .. k +l 
coor(l, k )=x(i, j) 
coor ( 2 , k )=y(i ,j) 
coor ( 3 , k )=z ( i, j) 
coor ( 4 ,k) aw(i,j ) 
node ( i+ l ,j ,l ) = k 

conti nue 

c fi nd the ! ire t a nd l aat node for rest of the linea 
c 

40 
30 

10 

c 

if ( j . gt . 4)then 
do 30 i 1,nodnum (j),nodnum ( j )-l 

do 40 m = 1,4 
do 40 n • l,no dnum(m),nodnum ( m)- 1 

de l x = aba ( x (i,j)-x ( n,m) ) 
dely = aba(y(i,j) - y ( n,m)) 
delz = aba ( z (i ,j)-z (n, m)) 
i f ( d e l x . lt.O.OOl .and. d e l y .l t.O.OOl . a nd. 

S delz . lt .O. OOl ) then 
nod e ( i~l ,j, l ) = noc e ( n • l ,m,l) 

e nd if 
continu e 

cont inu e 
end i f 

continue 
l a•t k 
unit = unit t 

c store ex tra dat a f o r smoothing p urpose 
c 

60 
.so 
c 

do 50 j "' 1,12 
d o 60 i= l,node( 1 , j,1) +1 

nod e ( i,j,max l oop) = node (i,j,l ) 
con tinue 

continue 

r e turn 
e nd 

CNAME READSO. FOR 
c••• •• •• •• ••• •• • ••••••••••••••••••••••••• • ••• ••••••••••••••••• • ••••••••• • • 

aubroutine readao(fname,nx,ny , nz ,unit , xg,yg,sg,ierr) 
c••• •••••••••••••••••••••••••·•••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCR~~ ~ READSO . FOR 

PURPOSE : re a d in the volume data by counter c:loc:kwiae order 

WRITTEN BY : SSUTA RSU 
loiODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE : OCT . 6, 
DATE : 

1988 

C· ··• •••••••• • ••• ••• ••• ••••• • • ••••••• ••• • •• • •••••• •••• •••••• ·············· 
c 
C ALCORITRU EXPLANATION : 
c: 
c •••••••••••• • •••••••••• •• • ••••••• ••••• • ••• •• •• • • •• ••••••• •• • •• ••••••••••• 
c 
c c a l led by : gtaoli . ! o r -- prepare volume informa tion 
c 
c • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

dimenaio n xg ( 8 ) ,yg ( 8), zg (8) 
c haract er ! n ame• ( •) 

c r ead in t h e prime volume 8 pointe 
c: 

c 

open( l1 , ! il e • fname// '.aol ' ,atatua ='old', err= l0) 
read ( 11 1 • ,end=99) unit 
read ( ll,•)(xg(i ) ,yg ( i),zg(i),i=l, 8 ) 

c f ind the incremen~• on each d irection 
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c 

• nx • nin t(eqrt((xg ( l )-xg (2))••2 + (yg (l) - yg ( 2)) ••2 • 
( zg (l) - zg (2)) • • 2 ) / unit) 

if ( nx . l e .l) nx., l 

• ny • nint(eqrt((xg ( l )-xg ( 4)) • • 2 + (yg (1) - yg(4))• • 2 + 
(zg (l)-zg ( 4 )) • • 2) / unit) 

if ( ny . le . 1) ny• 1 

• nz • nint ( eqr t((xg ( l )-xg (5)) ••2 + (yg (1) - yg (6)) ••2 • 
(zg ( l )- zg (6)) ••2)/unit) 

if(nz . l e . l) nz• l 
go t o gg 

c 
10 ierr• l 
gg cloae ( ll ) 

return 
end 

CNAME RENODE . FOR 
c •••••••••• ••••• ••••••••••••••• • •• ••• ••••••••• ••• •• • ••••••••• ••••••• •••• • • 

a ubroutine renode (nx,ny,nz,x,y,z,nodnum,diat,if l ag) 
C••• ••• •• •••• • •• •• ••••••••••••••••····••••••••• •• •• • •••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : RENODE.FOR 

PURPOSE: re - meah line f or ne~ ly even number 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY : 

DATE: OCT. 6, 1988 
DATE : 

C···· ·· ······· · ···• • •• •••••·•~····· ··• •*•• • ••••••• • • •• •••···· · ••••• •·• •• •• 
c 
C ALGORITHM EXPLA~ATION: IF THE CLOSE LOOP WAS AN ADD Ol'o"E TO WAKE IT EVEN 
C LOOP THEN RE -ARRA~GE THE NODAL LOCATIO~ 
c 
c··~·· ···· • •• •••• • • • •••••••• •••• • • ••· ·• •••••• ·· •••••••••••••••••••••• • • •• • 

c 
c CALLED BY : MSHLI~.FOR 
c 
c···• ••·· ·· · ·· ·· ···· · ····· ·· · • ···· ··· · ······ ·· ····· ·· ·•· ••• •••• ••••• ••••• 

c 

i nc lude ' para . inc' 
d ime ns ion x (maxaid,l2),y(max s i d,l2) ,z(: xsid, l2 ) 
d i meneio n xb (maxsid) ,yb ( max s i d) ,zb (=axs d), 

S nodnum(l2) ,dia~(12) ,iflag ( 12) 

do 20 j =l,l2 
if(i f l a g ( j) . eq.l)the n 

a um=O. O 
nnod=O 
gci ie=O. O 
fd i s =d i at(j )/ (nodnum(j ) -1 ) 
do 10 i =l,nodnum(j)-1 

if ( i . st. 1) then 
delt=dia t(j)/(nodnum(j)-2) 
a um• delt • (i-1) 

else 
delt = l.elO 

end if 
11 i f (gd i a .le.eum +.001 )then 

nnod=nnod+1 
d iff=a um- gd i a 
xb (nnod) = x (i ,j ) - ( x ( , ) - x( -1,j)) / delt • d ff 
yb (nnod) = y( i,j) - (y ( , ) - y( -l,j)) / delt •d ff 
zb (nnod) = z (i,j) - (z( , ) - z ( -l,j)) / d elt•d ff 
gdie=gd i a .. fdia 
go to 11 

end i f 
10 cont i nue 

nodnum(j )=nnod 
c 
c 

30 

reetor e the line node data 
do 30 i o:1,nnod 

x ( i , j) =x b ( i) 
y(i,j)=yb(i) 
z (i, j)=zb(i) 

continue 
e n d i f 

20 continua 
c 

return 
e nd 

CNAME SWAREA . FOR 

84-



c •••• • • • •••• • • • • • •••• • ••• ••• •••••• ••••••• •• •· · ··· •• • •• •• • • •••• ••••• •• •••• • 
e ubrou t ine emar~a (id , coox , cooy, cooz , are a} 

C· • • •• •• • • •• •• • • ••• • • •••• · •••• • • • ••• • • • •••• • •••• • ••• • • • ••• ••••• • ••• • •• •• • • 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : SWAREA. FOR 

PURPOSE : FIND THE AREA FOR THE ELB~NT 

WRITTEN BY: SSUTA HSU 
WODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE : OCT . 6 , 1 Q88 
DATE : 

C• • • • •• ••• •• • • • ••• • • •• • • • • •••• • ••••••••• • • • •••• · •••••••••••• •• • •• • •• •• • • •• 
c 
C ALCORITRW EXPLANATION: FI~~ THE AREA BY TRIANGULAR ~TBOD 
e 
c •• •• • • • • • • ••• • •• • ••••• •• •• ••• • • • • • ••• • • • • ••••• • ••• • •••••• • •• •• •••• • •• • ••• 
e c a lled b y : 
c e mooth . f o r -- me s h emooth~r 
c 
c•• ••••••••• ••• • • • • • • • •••• • ••• •• • ••••••••• •• • • •• • • •••• •• • •• •* •• •••• • •• •• • • 

e 

includ e ' pa r a .inc' 
eommon/ a u t o/coor,nod e ,la e t,uni t 
eommo n / f i n/ ncon ( O: l O ,ma xid ) 
d i me ns ion node(maxsid,l2 ,maxloop) , coo r ( 4 , ma xno d ),cood(3 , 20 ) 

e . . f ind t he cente r vector 
coox (eoor(l ,nc o n(O,i d ) ) + coor( l ,ncon ( l ,id) ) + 

S coor (l,ncon ( 2 , i d)) + coor(l ,ncon ( 3 ,id) ))/4 . 0 
eooy (coor ( 2 ,ncon(O,id)) + coor ( 2 ,ncon( l , id )) • 

S coor(2,ncon(2, i d )) + coor ( 2 ,ncon(3 ,id ))}/4 .0 
cooz (coor(3,ncon (O, i d)) ~ coor (3 1 ncon (l,i d )) + 

S coor ( 3 , ncon ( 2 ,id )) + coor (3 , ncon ( 3 ,id )))/4 . 0 
c ... tind th e a re a f or th a c s u r f a c e 

c 

a = e qrt((coor(l,ncon(O,id))-coor ( l ,ncon(l,id))) • •2 + 
S (coor(2 ,ncon(O,id )) - coor ( 2 ,ncn n (l,id ))) ••2 • 
S (coor(3 ,ncon(O,id))-coor(3 ,nc< n{l,id))) ••2) 

b • eqrt((coor(l,ncon(O,id) )-coor ( l,ncc n ( 3,id))) • • 2 + 
S (coor(2 ,ncon(O ,id))-coor(2,nct ~(3,id))) • • 2 + 
S (coor( 3 ,ncon(O,id )) - coor ( 3 ,nco (3,id)))• • 2) 

c • sqrt((eoor( l ,ncon(3 ,id ))-coor ( l , ncor ( l,id ))) • • 2 + 
S (coor(2 , ncon(3 ,id)} - coor ( 2 , ncor ( l ,id))) ••2 • 
S (coor( 3 , ncon(3 , id)) - eoor ( 3 , nco: (l, i d ))) •• 2 ) 

d • eqrt((coor( l, ncon( 2 ,id))-coor (l , nco~(l,i d))) • • 2 + 
I (coor (2 ,ncon (2 ,id) )-coor (2 ,nec~( l ,id))) ••2 • 
S (coor(3,ncon(2 ,id) ) -coor (3, nc~n(l,id))) • • 2) 

e • e qr t((coor( l , neon ( 3 ,id ))-coor ( l , nco n ( 2 ,id))) ••2 + 
I ( c oor ( 2 ,ncon(3 ,id)) -coor ( 2 ,ncon ( 2 ,id))) ••2 + 
S (coor(3 , ncon(3 ,id )) - coor (3 , ncon(2,id))) ••2 ) 

•l a ( a + b • c)/2 . 0 
e 2 • (c + d ~ e )/2 .0 
a real • e qrt (e l • ( •l-a ) • ( •l - b) • (el - c )) 
a r e a2 • e q r t (e2• ( • 2 - d) • ( •2- e ) • (•2 - c)) 
ar e a = a re a l + a r ea2 

re t urn 
e nd 

CN~~ SMOOTH . FOR 
e • •••• • •• •• •• •••••••• •••• • •• ••• • • • • • • ••• • •• • •• •• •• • • • • •••••• • •• • • ••••• • • • • 

subrout i ne emoot h 
C• • •••• • •• • • • • • • ••• •••• • • •••• • •• • • •• • • •• • • •• ••• • • • • • • • •• • ••••• • •••••• • ••• • 
c 
c 
c 
c 
c 
c 
c 
c 

P ROCRAU : SMOOTH . FOR 

P URPOSE 1 SWOOTHINC THE ELE~NTS FOR BETTER VIEW 

WRITTEN BY: SSUTA HSU 
WODIFIED BY 1 

CHECKED BY : 
CHEC KED BY : 

DATE : OCT . 8 , 1 Q88 
DATE: 

C• •• •••• ••• •• • ••••••••••••• •••••••• ••••••• • • •••••• • •• • • • • •••• •• •• • • • ••• •• • 
c 
C ALCORITHW EXPLANATION: optim i z e the node coordina t e f o r beet hexahedr on 
c e l ement b y a rea pull met ho d ( modi f e d La p l a ci a n me t ho d ) 
e 
c • • • •• • •• •• •• ••• • ••• •• ••• • ••• ••• • • ••••• • ••• • •• • ••• •• • • •• ••• ••••••• • • • ••••• 
c c a ll ed: 
c e ma r e a . f o r -- f i nd t he a rea fo~ the e l e me nt 
c 
c • •• • •• • • • •• •••••••• • • ••• ••• •••• • •••••• •• •• ••• •• ••• • • • •• • • •• • • ••• • • • •••••• 
c c a l l ed by • 
c vme • h . f or -- volume mesh control e r 

8~=", .. .... 



c 
c• •·•••• • ••••••••••••••••••••*•••••••~••••***••••••••••••••••••••••••••••• 

c 

c 

include ' para . inc' 
dimens i on x (O: maxdeg,maxid), y(O:maxdeg,maxid) , 

S z (O:maxdeg,maxid),ideg (maxid) 
c o mmon/datajx ,y,z ,ideg 
dimension node(maxa id,l2 , maxloop),coor ( 4,maxnod) ,isurf(maxid/ 4 ) 
common/autojcoor , node,l ast,un it 
common/ f in/ncon(0 :10,ma xid) 
c ommonjoldln / nnum(20,maxsi d•6),lold(maxaid•6),nall 
commo n/bsur /iaurf, icont 
log ical found 

wr ite( • , • )' Smoothing now please wait ... ' 
do Q itr = 1 , 2 

do 10 nod= nnum( 1 , l ), last 
sumx 0.0 
IIUmy 0.0 
sumz 0 .0 
a uma 0 .0 
f ound = .false . 

c ch e ck to see if the node wa11 in boundary(and transition) surface or not 
c 

30 
20 
c 

do 20 i = 1,icont 
do 30 j = 0,3 

i f(nod.eq.ncon(j,i s urf(i)) )then 
fo und = .true. 
go to oO 

end if 
continue 

continue 

c i f the nod e ~•• in boundary s urfaces , but not i n bou nd ary lines then do 
c th e surface smooth ing, otherwise do the solid smooth i n g 
c 
50 conti nue 

if ({ ou nd) then 
do 60 j = 1, 1 2 
do 60 i = l,node ( l,j ,maxloop ) 

if(nod.eq.node(i~ l , j,maxloop))gc to 10 
60 cont i nue 

do 70 id = l,max i d 
i f ( nco n(O ,id ) .le .O) g o t o 120 

c ... check if the element i a on the boundary sur face o r not 
if(nod.eq.ncon(O,id) .or. nod.eq .ncon(1 ,id) .or. 

S nod . eq.ncon(2 ,id ) . or. nod. e q.ncon(3,id))the n 
do 00 im = l,icont 

if( id .eq. i 11urf(im))then 
call smarea(id,coox,cooy,cooz,ar ea) 
8UIDX 

au my 
aumz 
sum a 

•umx ... a rea• coox 
s umy + area•cooy 
s umz + area•cooz 
auma. • area 

end if 
00 continue 

e nd i f 
7 0 continu e 

e ls e 
c .. .. do the volume smooth ing 

do 100 id = 1,maxid 
if(ncon(O,id) .le . O)go to 120 
do 11 0 nc = 0,3 

if(nod .eq. ncon(nc , id) ) then 
c a ll s marea (id ,coox,coo y,cooz, area) 
a u mx 
a umy 
aumz 
auma 

end i:t 
110 continue 
100 continue 

end if 
120 continue 

• um.x + a r ea•coox 
aumy + a r ea•cooy 
a umz + a re a•cooz 
a uma + a re a 

i f ( a u ma . le .O) go to 10 
coor ( 1,nod) aumx j a uma 
coor(2,nod) sumy/ auma 
coor(3,nod) aumz/auma 

10 continue 
0 continue 

1:36 



c 
c s tore the coordinate into common block f or plot 

iele = 1 
do while (ideg (iel e ) .ne.O) 

do 130 i = O, i deg(iele) 
x ( i ,iele) =coor ( 1,ncon(i,iele)) 
y(i,iele) =coor(2,ncon(i,iele)) 
z(i, i ele) =coor(3, ncon(i,iele )) 

130 continue 
iele = iele +1 

end do 

return 
end 

C~AME SURBND.FOR 
c•• •• ••• •• •• • • ••• • • ••• • •• •• ••••••••••• · •••••• • ••••*•• •• •••••••••• •• •••• 

eubroutine eurbnd 
c• •• ••••• • ••••• •·• • •• • • •••••• • •• • ••••••••••••• •••• •••••••••••••••••• • •• 

include 'para .inc' 
common/auto / coor,node,last,unit 
c ommon/ fin / ncon (O : lO,maxid) 
common/oldln/nnum( 20,maxs id•6), lold(ma xsid•6) ,nall 
c o mmon/t ran/ntran(lOOO),ka ll 
common/ bsur/ isurf,icont 
d i mension coor(4,max nod) ,node(~axsid,12,maxloop) ,isur f{maxid/4 ) 
log ical lck(0:3 ) ,coin(0:3) 

c c heck to see if t h e node was in boundary {a nd t ransition) surface or not 

i cont = 0 
do 10 i d = 1,maxid 

if(ncon (O,id) .le.O) go to 100 
do 20 i "' 0,3 

lck( i ) = .false . 
20 continue 

do 30 k = 0,3 
c ... chec k boundary li n e nodes 

do 32 i = 1,12 

32 
c . . . che cx 

40 
c .. . check 

.so 
31 

30 
c 

do 32 j = 2,node{l,i,maxloop)+1 
if(ncon(k,id) . eq.node(j,i,maxloop))then 

lck {k) = .true. 
go to 31 

end if 
cont inue 

boundary s urf a ce nodes 
do 40 i = l,nall 
do 40 j = l,lold(i) 

if{ncon(k,id} . eq .nnum(j , i})then 
lck(k) = .true . 
go to 31 

end if 
continue 

boundary transition nodes 
do .SO i = 1,kall 

if {neon ( k , id) . eq . ntr an (i)) then 
lck(k) = . true . 
go to 31 

end if 
continue 
continue 
if(.not.lck(k))go to 10 

continue 

c if the all the nodes were on boundary surfaces then etore tha t surf a ce id 
c but check for the coincident surface which i s a internal s urface between 
c two boundary shell 
c 

go 

80 

i!(lck(O) . a nd. lck(l) .and. lck(2) . and. lck(3))the o 
do 80 i = l ,icont 

do 80 im = 0,3 
co in (i m) = . false. 
do 90 in = 0,3 

if (ncon(im,id).eq.ncon(in,isurf(i)))then 
coin(im) = .true. 

end if 
continue 
if( . not.coin{im)}go to 60 

continue 
if ( coin(O) .and . coin(l) .and. coin(:il) . and. co in(3) }theo 
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70 

do 7 0 k = i ,icont 
i s urf(k) = i s ur ! ( k +l) 

conti n u a 
icont = icont - 1 
g o to 10 

e nd i f 
60 continue 

icont = icont + 1 
i s u rf (icon t) = i d 

a nd if 
10 cont i nue 
c 
1 00 r e turn 

end 

CNAlofE TRANt. FOR 
c •••••••••••• • ••••••••••••••••••• ••• •• · •••·••••••·•~ · ·•••• • ••• • • •• ••••• • •• 

s u b routine tran1(loop ,ite r,j t ,ifl a g ) 
C·••••••••••••• ·• ••••••• • •• ••• • ••• •• ••••••• • ••• •••• ••• • •• ••••••••• • ••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : TRA.N 1. FOR 

PURPOSE : DO TRANSITION BY #1 METHOD 

WR ITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE : OCT . 6, 1988 
DATE: 

C• · •··•••••• • ••••• ••••• • • •··•• • • • • •• • • • •• • •••••••••••••••••••••••••••••••• 
c 
C ALGORITH~ EXPLANATION : d o tra nsition on only one line 
c 
c•••••••••••••••• • •• •• ••·• •• • •• ••••• • ••••• ·· ·~· -· • •••• • ••• • ••• • • •••• ••• • • • 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c al l ed : 
c ktran 

tran11 
tra nl 2 
tra n l3 
tran1 4 
push 

check the nod e s on the line to s ee i f the nod e h a v e 
been u s e d o r not 
d o th e trans it i on on line 1 6,9. 
d o the transit ion on line 2 6,10 . 
d o the trans ition on line 3 . 7,11. 
do th e trans ition on l i ne 4 ,~ , 1 2. 
s tore the d a t a into new loop 

c ••••••••• •• • •••••••• • • ••• • • • • ••• • •• • • • •• • ·· • • · · •••• • ••••• • • •••• ••••• ••••• 
e 
c c a lle d by : tra n s i.for - - tra n s i tion f lag ch . e k er 
c 
c •••••••••• • •••• •• • • •••• • ••• • •••••• •••• •••••• · ·••••• • ••• • •••• ·· • •••••••••• 

e 

include 'par a . inc' 
dimeneion coor ( 4 , maxno d ) ,no de (maxs i d , l 2,ma xloop), k t( 6 ) 
eommon/ a uto/ coor,node , l aat,unit 

i f( iflag . eq .l l )then 
jn=jt+l 
jm = jt + 2 
jo = jt + 3 

e ls e if(ifl ag . e q. l 2)then 
jn=jt+ 2 
j m = j t-1 
jo "' jt + 1 

e l ee if(iflag . eq . 13)then 
jn = jt+1 
jm "' jt - 2 
jo = jt.- 1 

e l se if(i!lag . a q . l 4 )the n 
jn "' jt - 2 
j m • jt - 1 
jo = jt - 3 

e n d i f 
k t ( 1) 1 as t + 1 
n jt = noda ( l, jt,loop ) 
do 10 i • 1 , -4 

coor (i , kt( l )) •((coor (i,node ( 2 ,jn , loop)) + 
S coor(i,node ( 3 ,jn,lo o p)))/2.0 + 
S eoor (i,node (3, jt,loop)))/2 .0 

10 continue 
c a ll cktra n(eoor(l, k t(1)) , kt( l )) 
kt(2 ) "' l ast • 1 
d o 20i= l , -4 

coor (i, kt( 2 )) =((eoor (i, node ( 2, jn,loop)) + 
S coor (i ,node {3 ,j n ,loop)))/2 .0 + 
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• coor(i,node(njt,jt,loop)))/2.0 
20 cont i nue 

c a ll c k tra n(coor( l,kt(2)),kt(2)) 
kt(3 ) = l aet + 1 
do 30 i • 1, 4 

coor (i ,kt ( 3 )) =((coor ( i,node ( 2 ,j m,loop)) + 
S coor (i, node ( 3 ,jm,loop)))/2.0 + 
S coor(i, nod e (3, jt,loop)))/2.0 

30 continue 
c a l l c k t ran (coor(l,kt{3)), kt ( 3 )) 
k t(4 ) = l a st • 1 
do 40 i • 1,4 

coor(i,kt(4 )) =((coor (i ,node ( 2 ,jm,loop)) + 
I coor(i,oode ( 3 ,jm,loop)))/2 . 0 + 
S coor (i ,node (njt ,jt , loop}))/2 .0 

40 continue 
call cktr an(coor(1, kt ( 4)) ,kt ( 4 )) 
kt (6) = l aet • 1 
l aet = kt (6) 
d o 50 i • 1,4 

coor (i, kt (5)) =((coo r (i,node ( 2, jo,loop)} + 
S coor (i,node ( 3 ,jo,loop)))/2 .0 + 
S coor (i ,node ( 3 ,jt,loop)))/2 .0 

50 conti nue 
k t(6) = l ast + 1 
lae t = k t(6) 
do 60 i • 1,4 

coor(i,kt(6)) = ((coor(i,node(2,jo,loop)) + 
S coor(i,node(3,j o,loop) ) )/2 .0 + 
S coor(i,node(njt,jt, l oo?)))/2 . 0 

60 continue 
if(ifl&g . e q. ll )then 

c a ll tranll (loop,jt.,j n,j m, jo , kt) 
e lse if(iflag . eq . 12)then 

c a ll tr anl 2 (loop,jt , jn,jm,jo,kt) 
e l se if(iflag . eq . 13)t.hen 

c a ll tra nl3(loop ,jt,jn , jm, jo,kt) 
e ls e if(ifl ag . e q. l4)then 

c a ll tran 14 (loop,jt,jn,jm,jo,kt) 
end if 
c &l l pueh (loop,iter) 
do 70 i • 1 , 4 

loop • loop•1 
c a ll pue h (loop,iter) 

70 continue 
c 

re turn 
e nd 

CNAME TRAN11 . F OR 
C••• • •••••• • •••••• • • •••• • • • •• • • • • ••• • •••••••• • ••••• • ••• • •• •• ••• • •••••••••• 

subroutine tran11(loop,jt,jn,jm, jo , kt) 
C•• •• • • • • ••• • • •••••••• • ••••••••••• ••••••••••• • •••• •• • •••• • •••• ••• •• •• • •• •• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : TRAN11.FOR 

P URPOSE : do the traneit ion by H 11 me t hod 

WRITTEN BY: SSUTA HSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE: OCT . 6, 1gss 
DATE : 

C· ·•• • • •• ••••• ••• • •••• • •• • • •• •• • •••• •• · · ·· · ·· ••• • •• •• • •••• • •••• ••• • • •••• •• 
c 
C ALGORITHW EXPLANATION : transition on line l,o, Q 
c 
c ••• •• • • ••• •• •••• • • ••••••• •• • •••••••••••••••• •• • • •• • • • ••••••••• • ••• ••••• • • 
e 
c ealled t 
e 

ate i d e - - a i ven the two oppoeite line• on a e urfac e then 
aet the other two lin•• · 

c 
c ·••• • •• •• •• •••••• • •• ••••••• • ••••••• • •• • • • ••••• •••• • •• • • • •• • ••••••••• ••• • • 
c 
c c al l ed by: ~ranl . !or --do tranei~ion on a li ne 
c 
c •• • ••• ••••••• •• • • •• •• • •• •••• • ••••• • ••••••••• ••• • • •• • •• • • • •••• •• •• • •• ••••• 

inc lude 'para. i nc' 
dimene i on coor ( 4 , maxno d},node (ma x e id,l2,maxloop), kt ( 6 ) 
common/ a uto/coor,node,laet ,unit 

e ... e to re th em into 6 n ew l oo p 
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c 

loop2 
loop3 
loop4 
loopS 

loop + 1 
loop + 2 
l oop + 3 
loop + 4 

c store the loop 6, the l eft s ide 
c 

do 10 j = 1,12 
node(1,j,loop6) = 2 

10 cont inue 
c etore line 1 

node (2 , j t, loopS) 
node ( 3,jt,loop5) 

c store line 2 
node ( 2,jn 1 loop5) 
node ( 3,jn,loop5) 

c etore line 3 

node ( 2,jt, loop) 
node(3,jt, loop) 

node (2, j n , loop) 
k t (1) 

node(2,jm,loop5) 
node ( 3,jm,lo op5) 

c s t..ore line 4 
node(2,jo,loop5) 
n od e (3, jo, loopo) 

c store line 6 A e 

node (2 1 j m 1 loop) 
k t(3) 

node ( 2 1 jo, loop) 
kt(&) 

11 

call gtside (jt,jn,l eft,nrit) 
do 11 i = 1,node (l,le!t,loop)+l 

node(i,left,loopo) = node (i,le! t, loop) 
continue 
node(2,nrit,loop5) = node(3 , jt,loop) 
node (3,nrit,loop6) = kt(l) 

c s tore line 7 & 8 

12 

call gteide(jm,j o,le ft,nrit) 
do 12 i = 1, node (1,l e ft,loop)+ l 

node(i,left,loop5) = node(i,le!t , loop) 
continue 
n ode(2,nrit,loop5) = kt(3) 
node(3,nrit,loop5) = kt(5) 

c store line g A 10 

13 

call gt s ide(jt,jm,left,nri t) 
do 13 i = 1,node(1,le!t,loop) +1 

node(i , le!t 1 loopo) = node(i,left,loop) 
continu e 
node(2,nrit,loop5) = node(3,jt,loop) 
node(3,nrit,loop5) = kt (3) 

c store line 11 ~ 12 

14 

call gteide(jn,jo 1 l ef t 1 nrit) 
do 14 i = l,node (1 1 le!t , loop)+l 

node(i 1 left,loop5) = node(i,left,loop) 
continu e 
node(2,nrit,loop5) = kt(l) 
node(3,nrit,loop5) = kt(&) 

c 
c store the loop 4, the back eide 
c 

do 20 j = 1, 12 
n od e (l,j,loop4 ) = 2 

20 continue 
c store line 1 

nod e (2,jt,loop4) 
node(3,jt,loop4 ) 

c store line 2 
node (2 ,jn ,loop4 } 
node(3,jn,loop4) 

c store line 3 

kt ( 3 ) 
kt(4 ) 

kt (5) 
kt ( 6 ) 

do 21 i = l,node (1,j m1 loo p)•l 
node(i,jm,loop4) = node(i,j m, loop) 

21 continue 
c etore line 4 

do 22 i = l,node(l,j o, loo p)+1 
nod e (i,jo,loop4 } = n ode (i,jo, loop) 

continue 
c s tore line 6 A 6 

call gtside (jt,jn,left,nrit) 
node(2,left,loop4) kt(S) 
node(3,l e ft,loop4) kt(6} 
node(2,nrit ,loop4) = kt(4) 
node(3,nrit,loop4) = kt(6} 

c etore line 7 A 8 
call gte ide(jm,j o ,left,nri t ) 
d o 23 i = 1,no de (l,l eft, loop)+ l 

node(i,le!t,loop4) = node(i , left,loop) 
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23 continue 
do 24 i = l, node(l , nrit,loop)+l 

node(i,nrit,loop4) = node(i,nrit,loop) 
24 continue 
c. etore line Q A 10 

call gtaide(jt,jm,left,nrit) 
node(2, l e!t,loop4) kt(3) 
node(3,left,loop4) node(node(l,left,loop)•l,le!t,loop) 
node ( 2 ,n rit,loop4} = kt(4 ) 
node(3,nrit,loop4} = node(node (1,nrit,loop) +l , nrit ,loop) 

c atore line 11 A 12 

c. 

call gteide(jn,jo,left,nrit) 
node(2, left,loop4) kt(5) 
node(3 ,left,loop4) node(node(l,left,loop)+l,left,loop) 
node ( 2 ,nrit, loop4 } kt ( 6 ) 
node(3 , nrit,loop4) node(node(l,nrit ,loop)•l,nrit,loop) 

c. store the loop 3 1 the top side 
c 

do 30 j = 1,12 
node(l,j,loop3) 2 

30 continue 
c store line 1 

node(2,jt,loo p3) = kt(l) 
node(3,jt, loop3) = kt(2) 

c store line 2 
do 31 i = 1,node(1,jn,loop)+l 

node(i,jn,loop3) = node(i,jn,loop) 
31 conti nue 
c. store line 3 

node ( 2 1 jm,loo p3) = kt (5) 
node(3,jm,loo p3) = kt (6) 

c. store line 4 
do 32 i = l,node(l,jo,loop)+l 

node(i,jo,loop3) = node(i,jo,loop) 
32 continue 
c. store l ine 5 A 6 

call g tside(jt ,jn,left,nrit) 
node(2,left,loop3) kt(1) 
node ( 3 ,left,loop3 ) node(node(1,left,lc •P)+l,le!t,loop) 
node(2,nrit, loop3) = kt(2) 
node(3 1 nrit, loop3) = node(node(l,nrit,lo >p)+l,nrit,loop) 

c atore line 7 A 8 
call gtside(jm,jo,left,nrit) 
node(2,left,loop3) kt(5) 
node(3,left,loop3) node (nod e (l,l e! t ,l ~op)+l,le!t,loop) 
node(2,nrit,loop3) = kt ( 6 ) 
node(3 1 nrit, loop3) = node(node(1,nrit,:oop)+l,nrit,loop) 

c atore line g ~ 10 
call g tside(jt,jm,lef t,nrit) 
node(2,left,loop3) kt(1) 
node(3,left,loop3) kt(5) 
node(2,nrit,loop3) = kt(2) 
node(3,nrit,loop3) = kt(6) 

c store line 11 A 12 
call gts i de (jn,jo,lef t,nrit) 
do 33 i = 1,node(1,left,loop)+l 

node(i,left,loop3) = node(i, l eft,loop) 
33 continue 

do 34 i = 1,node(l,nrit,loop)+l 
node(i,nrit,loop3) = node(i,nrit,loop) 

34 continue 
c 
c. store the loop 2, the middle bottom aide 
c 

do 40 j = 2,12 
node(l,j,loop2) 

40 continue 
c. store line 1 

2 

num = node(l,jt,loop) 
node(l,jt,loop2) = num- 2 
do 60 j = 1,num-2 

node(j+l,j t,loop2) = node(j+2,jt,loop) 
50 continue 
c a tore line 2 

node (2 , n , loop2) 
node(3 , jn ,loop2) 

c. store line 3 
node (2, j m, loop2) 
node (3, jm, loo p2) 

kt(l) 
kt (2) 

kt(3) 
kt(4) 
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c store line 4 
node(2,jo,loop2) = kt(6) 
node(3,jo,loop2) = kt(6) 

c s tore line 6 k 6 
c al l gtside(jt,jn,left,nrit) 
node(2,left,loop2) node(3,jt , loop) 
node (3,l e! t,loop2 ) kt(l) 
node (2 ,nrit,loop2) = node(num , jt,loop) 
node(3,nrit,loop2) = kt(2) 

c store l ine 7 k 8 
c al l g tside (j m,jo ,left,nrit) 
node ( 2 ,lef t ,loop2) kt(3) 
nod e ( 3 , left,loop2) kt(5) 
nod e (2, nrit,loop2 ) = k t ( 4 } 
node ( 3 ,nrit,loop2} = kt(6) 

c store l ine 9 A 10 
c all gtaide (j t ,j m,left , nr it) 
nod e (2, left,loop2) node (3,jt, loop) 
node(3,left,loop2) kt(3) 
node (2,nrit,loop2) = node(num, j t ,loop) 
nod e ( 3,nrit,loop2) = kt(4 ) 

c s tore line 11 A 12 

c 

c all g t side(jn,j o ,left, nr it) 
node (2,left,loop2) kt(l ) 
node(3,l ef t,loop2 ) k t(o) 
node(2,nrit,loop2) = k t(2) 
node (3, nr it,loop2) = kt(6 ) 

c store the loop 1, the rig ht s ide 
c 
c sto re line 1 

nod e (l,jt,loop ) 
node ( 2 , jt, loop) 
node(3,jt,loop) 

c store line 2, skip 2nd 
node(l,jn,loop ) = 
node(2,jn, loop) = 

c store line 3, sk i p 2 nd 
nod e ( 1,jm, loop ) = 
node(2,jm,loop) = 

c s t ore line 4, skip 2 nd 
nod e (l, jo, loop) = 
node(2 1 jo,loop ) = 

c store line 5, sk ip 6 

2 
node(num,jt,loop) 
node(num+ l,j t,loop) 
node 
2 
k t(2) 
node 
2 
kt(4) 
node 
2 
kt ( 6) 

c all gtside (j t, jn,lef t, nri t) 
node ( l,l e ft,loop) 2 
node (2,lef t,loop ) = node(num,jt,loop) 
node(3,left,loop) = kt(2) 

c s tore line 7 ,skip 8 
c al l g t side (jm,j o,l e ft,nrit) 
node (1,lef t,loop) 2 
nod e ( 2 ,lef t,loop ) = k t(4) 
nod e ( 3,left,loop) = kt( 6 ) 

c s tore line 9, sk i p 10 
c all gtside (j t ,j m,le ft,nrit) 
nod e (l,l ef t,loop ) 2 
nod e (2,lef t, loop) = node(num,jt,loop) 
node (3,left,loop) = kt(4) 

c s tore line 11, skip 12 

c 

c a ll gtside(jn,jo,left,nrit) 
node(1 1 left,loop) 2 
nod e (2,left,loop) kt(2) 
node (3,lef t,loop ) = k t( 6 ) 

return 
end 

CNAWE TRAN12.FOR 
C••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

s ubrouti ne tran12(loop,jt,jn,jm,jo,kt} 
C• •• · •• • ••••••• •• •• ••• • •••• ••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: TRAN12.FOR 

PURPOSE: do the transition by # 12 method 

WRITTEN BY : SSUTA BSU 
UODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT. 6, 1988 
DATE : 

C• ·•····•· · •• • • •• ••• • •••·•• ••• ••• ••••• • ••••• ••••• •••• ••• ••• • ••• •••••• • •••• 
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c 
C ALGORITHW EXPLANATION: transi tion on line 2 1 8 1 10 
c 
c ••• • ••••• • •••••••• •• • • •••••••• • • •• • • •• •• • • • • •••• ••• • •••• •• •••• • • • •••••••• 
c 
c c a lled: 
c 

gtaide -- given the two oppos ite linea on a aurface then 
get the other two linea. 

c 
c ••• • •• •••••••• • • •• • •••• • ••• • • ••• • • • • · •••••• •• • • •• ••• ••• ••• •• •••••••• ••• • • 
c 
c c a ll ed by: tra nl . for -- Hl trae ition controler 
c 
c •••••••••••• ••• •••• • •• • • ••••••• •• ••• • •• • ••••••••• • ••••••·•••• • ••• ••• ••••• 

c. 

c 

include 'para.inc' 
dimeneion coor ( 4 , maxnod) 1 node (ma x s id,l2,maxloop) 1 kt(6) 
commonf au tofcoor,node 1 l ast 1 unit 

.. s tore them into 6 new loop 
loop2 loop + 1 
loop3 loop . 2 
loop4 loop . 3 
loopo = loop + 4 

c etore the loop 5 1 the l ef t aide 
c 

d o 10 j = 1,12 
node(l 1 j 1 loop5) 2 

10 continu e 
c etore line 1 

node(2 1 jm 1 loop5) 
node(3 1 jm 1 loop5) 

c store line 2 

node (2, j m, loop) 
kt(3) 

nod e ( 2 1 jt 1 loop5) 
nod e (3 1 jt 1 loop5) 

c s tore line 3 
node(2 , jo,loop5) 
node(3,jo, loop5) 

c atore line 4 

node ( 2 , j t 1 lo::>p) 
node (3, j t 1 loop) 

node(2, jo 1 loop) 
kt (5) 

node(2,jn 1 loop6) 
node ( 3 1 jn 1 loop5) 

c atore line 5 A 6 

node (2, j n 1 loop) 
kt ( 1) 

11 

c a ll gtside(jm 1 jt,left 1 nrit) 
do 11 i = 1 1 node(l 1 left,loop)+l 

node(i 1 left 1 loop5) = node(i 1 l eft 1 loop) 
continue 
nod e (2 1 nrit,loop5) = kt(3) 
node(3 1 nrit,loop5) = node ( 3 1 jt,loop) 

c etore line 7 A 8 

12 

call g t eide (jo 1 jn 1 l eft 1 n r it) 
do 12 i = 1 1 node(l,lef t,loop)+l 

node(i 1 left,loop6) = node(i,left 1 loop) 
continue 
node ( 2 1 n r it 1 loop6) = kt(5) 
node(3,nrit 1 loop5) = kt(l) 

c atore line 0 A 10 

13 

c all gteide(jm,jo,left,nrit) 
do 13 i = l,node (1,left,loop)•l 

node(i 1 left,loop6) = node(i 1 left, loop) 
continue 
node ( 2 1 nrit,loop5) = kt(3) 
nod e (3,nr it,loop6) = kt(5) 

c store line 11 A 12 

14 

c 

call ats id e (jt.,jnll ef t,nrit) 
do 14 i = l,node (1,left,loop ) •1 

node(i,left,loop5) = node(i,left,loop) 
continue 
node(2,nrit,loop5) = node ( 3 1 jt,loop) 
node(3 ,nrit,loop5) = kt(1) 

c atore the loop 4 , the back e ide 
c 

do 20 j = 1,12 
node (l,j,loop4 ) 

20 continue 
c s tore line 1 

nod e (2 1 j m, loop4) 
node ( 3 , jm 1 loop4 ) 

c s tore line 2 
nod e (2, j t 1 loop4 ) 
nod e (3, j t, loop4 ) 

2 

k t (5) 
kt(6) 

k t(l) 
kt (2) 
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c etore line 3 
do 21 i = l,node(1,jo,loop)+1 

node(i,jo,loop4 ) = node(i,jo,loop) 
21 continue 
c store line 4 

do 22 i = l,node(1,jn,loop) +1 
node(i,jn,loop4) = node(i,jn,loop) 

22 continue 
c store line 6 ~ 6 

c a ll gtside(jm,jt,left,nrit) 
node(2,le!t,loop4) kt(6) 
node(3,left,loop4) kt(l) 
node(2,nrit, l oop4) = kt(6) 
node(3,nrit,loop4) = kt(2) 

c store l in e 7 ~ 8 
call gts ide( j o,jn, left ,nrit) 
do 23 i = l,node(l,left,loop)+l 

node(i,left,loop4) = node(i,left,loop) 
23 continue 

do 24 i = l , node ( 1 , nr it, loop)~l 
node(i,nr i t, l oop4) = node(i,nrit,loop) 

24 continue 
c store l in e g ~ 10 

c a ll g t s id e (jm,jo,lef t,nrit) 
node(2,left,loop4) kt{5) 
node(3,left,loop4 ) node(node (l,left,loop) +1 , l eft , loop) 
node(2,nrit,loop4) = kt(6) 
node(3 , nr i t, loop4 ) = node(no d e (l,nrit,loop) +1,nrit,loop) 

c s tore line 11 l 12 

c 

c a ll gtside (j t,jn, l e!t,nrit) 
node(2,left,loop4) kt(l) 
node(3,left,loop4) node {node ( l,left,loop)+ l,left,loop) 
node(2,nr i t, l oop4) = kt(2) 
nod e (3,nrit,loop4) = node(node(l,nrit,loop)• l,nri t,loop) 

c s tore the loop 3, the bo tto m aide 
c 

do 30 j = 1, 12 
nod e ( 1,j, l oop3) 2 

30 continue 
c s tore line 1 

do 3 1 i = 1,node(1,jm , loop) • 1 
node(i,jm,loop3) = node(i,jm,loop) 

31 continue 
c store line 2 

node(2,jt,loop3) = kt(3) 
node(3,jt, loop3) = kt (4) 

c s tore line 3 
do 32 i = l ,node (l,jo, l o o p ) •l 

node (i,jo,loop3) = node(i,jo , loop) 
32 continue 
c s tore line 4 

node(2,jn,loop3) = kt (5) 
node(3,jn,loop3) = kt ( 6) 

c store l ine 5 ~ 6 
c a ll g t s i de ( jm,jt,left,nrit) 
node(2,left,loop3) node(2,l e ft,loop) 
node(3,left, l oop3) kt(3) 
node(2 , nrit,loop3) = node(2,nrit,loop) 
node(3,nrit,loop3) = kt(4) 

c store line 7 A 8 
c a ll gts i de(jo,jn,lef t, nrit) 
node(2,left,loop3) node(2 , le£t,loop) 
node(3,left,loop3) kt(5) 
node(2,nrit , loop3) = node(2 , nrit ,loo p ) 
node(3,nrit,loop3) = kt(6) 

c store line g A 10 
c a ll g teide(j m,jo,left,nrit) 
do 33 i z 1 1 node(1 , left,loop)+l 

node(i , left,loop3) = node(i,left,loop) 
33 continue 

do 34 i = l ,node(1 ,nrit,loop)•1 
node(i,nrit,loop3) = node(i,nrit,loop) 

34 continue 
c s tore line 11 A 12 

call gtside( j t ,jn,left ,nrit) 
node(2,left,loop3) kt(3 ) 
node(3,left,loop3) kt(6) 
node(2,nrit,loop3) kt(4) 
node(3,nrit, loop3) kt ( 6 ) 
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c 
c etore the loop 2, the middle top s ide 
c 

do 40 j = 1, 12 
node(1,j,loop2) = 2 

40 continue 
c etore line 1 

node(2,jm,loop2) = kt(3) 
node (3,jm,loop2) = kt(4) 

c etore line 2 
num = node(l,jt,loop) 
node(1,jt,loop2) = num-2 
do 50 j = l,num- 2 

node(j+l,jt,loop2) = node(j•2,jt,loop) 
50 continue 
c etore line 3 

node(2,jo,loop2) 
node(3,jo,loop2) 

c etore line 4 

kt(5) 
kt ( 6 ) 

node(2,jn,loop2) 
node(3,jn,loop2) 

h(1) 
kt(2) 

c store line 5 A 6 
c all gtside(jm,jt,left,nrit) 
node(2,left,loop2) kt ( 3 ) 
node(3,lef t ,loop2) node (3,jt,loop) 
node ( 2,nrit,loop2) = kt {~ ' 
node(3,nrit,loop2) = node(num,jt,loop) 

c store line 7 & 8 
call gtside(jo,jn,left,nrit) 
node(2,left,loop2) kt(5) 
node(3,left,loop2) kt(1 ) 
node(2,nrit, ioop2) = kt (6) 
node(3,nrit,loop2) = kt(2) 

c store line g & 10 
c all gtside(jm,jo , left , nrit) 
node(2,left,loop2) kt(3) 
node(3,left,loop2) kt(5) 
node(2,nri t, loop2) = kt(4) 
node(3,nrit,loop2) = kt ( 6 ) 

c sto~e line 11 ~ 12 

c 

c all gtside(jt,jn,left,nrit) 
node (2,left,loop2) node(3,jt,loop) 
node(3,left,loop2) kt(1) 
node(2,nrit,loop2) = node(num,jt,loop) 
node(3,nrit,loop2) = kt(2) 

c store the l oop 1, the right s ide 
c 
c etore line 1 

node(1, jm, loop) 
node (2, j m, loop) 

c etore line 2 
node(l,jt,loop) 
node (2, j t, loop) 
node (3, j t, loop) 

c etore line 3 
node ( 1, jo, loop) 
node (2, jo, loop) 

c store line 4 
node (1, jn, loop) 
node (2, j n, loop) 

c store line 5,skip 6 

2 
kt(4) 

2 
node(num,jt,loop) 
node (num +l ,jt,loop) 

2 
kt(6) 

2 
kt{2) 

call g t s ide(jm,jt,left,nrit) 
node(l,left,loop) 2 
node(2,left,loop) = kt(4) 
node(3,left,loop) = node(num,jt,loop) 

c etore line 7 ,ekip 8 
c a ll gteide(jo,jn,left,nrit) 
node(l,left,loop) 2 
node(2,left,loop) = kt(6) 
node (3,le ft,loop) = kt(2) 

c etore line 9, skip 10 
call gteid e (jm,jo,left,nrit) 
node(l,left,loop) 2 
node(2,left,loop) = kt(4) 
node(3,left,loop) = kt(6) 

c etore line 11 , ekip 12 
call gteide(jt,jn,left,nrit) 
node(l,left,loop) 2 
node (2,lef t,loop) = node(num,jt,loop) 
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c 
node ( 3 ,left ,loop ) 

return 
end 

CNAME TRAN13.FOR 

kt ( 2 ) 

C• •• •••·•••••••• • •••••••••••••••••••• • • ••••• • • •••••• •••••• •• ••••• • ••••••• • 
eubroutine tran l3(loop,jt,jn,j m,jo,kt) 

c--· ·············· ·· · ···· · ······ ··-·········· ················· ··· ········· c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW: TRAN13.FOR 

PURPOSE: do the trane ition by # 13 method 

WRITTEN BY: SSUTA HSU 
WODIFIED BY: 

CHECKED BY : 
CHECKED BY : 

DATE : OCT. 6, 1Q88 
DATE : 

C •••••• • ••••••• •••••• ••••••••••••••••••••••••• •• ••••• •••••• •••••••••• • •••• 
c 
C ALCORITR~ EXPLANATION: t rans ition on line 3,7,11 
e 
c • ••••••••••••••••••••••• ••• ••••• ••••••••••·••••••• •••••••• • •••••••••••••• 
c 
c called: 
c 

g tside -- g ive n the two opposite linee on a eurface then 
get the other two linee . 

c 
c••••••••••••••••••••• • •••••• •••••• ••••• ••• ••••••••••• • ••• ••••••••·~·· ·· •• 

c 
c c alled by: tranl.for -- #1 transition controler 
c 
c ••• •• ••• • ••• ••• • • ••• •• ••••••••••••• ••• ••••••••••••••• ••• • • • ••••••••• • • ·•• 

i n c lude ' para .inc' 
d i mension coor ( 4 , ma xnod) ,node (maxsid ,l2 ,maxloop),kt(6) 
commonfau~o/ coor , node ,l ast,unit 

c ... e t.o re t h em 
loop2 
loop3 
loop 4 
l o o p5 

c 

into 6 
loop .. 
l o op + 
l oop • 
l oop ... 

ne w 
1 
2 
3 
4 

loop 

c e tore the loop 6, th e l eft e i de 
c 

do 10 j = 1 ,12 
node( l ,j,loop6) 

10 continue 
c et.o re line 1 

node(2,jm,loop6) 
node {3, jm,loop5) 

c e tore line 2 
node ( 2 , jo, loop6) 
node (3 1 jo , loop6) 

c etore line 3 
node(2,jt,loop6) 
node(3,jt,loop5) 

c e tore line 4 
node ( 2 , jn,loop5) 
node(3,jn,loop6) 

c e tore line 6 ~ 6 

2 

node ( 2 , j m, loop) 
kt(3) 

nod e { 2 , jo ,loop) 
kt (5) 

nod e { 2 1 j t 1 loop) 
node (3, j t 1 loop) 

node ( 2, j n, loop) 
kt (1) 

c a ll g teide (j m,jo ,l e! t,nr it) 

11 

do 11 i = l , node(l,l e ft,loop)+1 
node (i,le!t ,loop5) = node(i,left,loop) 

continue 
node ( 2 ,nrit,loop6) = kt ( 3 ) 
node(3,nrit,loop6) = kt. (6) 

c e tore line 7 ~ 8 

12 

c a ll g t e ide ( jt,jn,left , nrit) 
do 12 i • 1 ,node ( l,left,loop)+l 

node(i , l eft ,loop6) = node(i,le!t,loop) 
continue 
nod e ( 2 ,nrit,loop6) = node(3,jt,loop) 
node ( 3 ,nrit 1 loop6) = kt(1) 

c •~ore line Q ~ 10 

13 

c a ll g t e ide (j m, j t,le!t 1 nrit) 
do 13 i z 1 ,nod e (1 1 l e! t , loop)+1 

node (i , le!t ,loop6) = nod e (i, left ,loop) 
continue 
node (2, nrit, loop6) 
node (3 ,nrit, loop6) 

kt(3) 

c e tore line 11 l 12 
node ( 3 , j t ,loop) 
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call g t e i de (jo,jn 1 l ef t, nr it) 
do 14 i = 1 ,nod e (1,lef t,loop)+l 

node(i,left , loopo) = node (i,left,loop) 
14 conti nue 

node( 2 ,nrit ,loop5 ) = kt(5) 
node(3,nrit,loopo ) = kt(l) 

c 
c s tore the loop 4 1 the front s ide 
c 

do 20 j = 1,12 
node ( 1,j , loop4 ) = 2 

20 continue 
c s tore line 1, 2 

2 1 

22 

do 21 i = l,node(1,jm,loop)+l 
nod e (i ,jm,loop4) = node(i,j m, loop) 

c ontinue 
do 22 i = l,node(1,jo,loop)+l 

nod e (i , jo,loop4) = node(i,jo,loop) 
continue 

c s tore line 3 
node ( 2 ,jt,loop4 ) 
node ( 3 , j t, loop4 ) 

c s tore line 4 

kt(3) 
kt(4) 

node(2,jn,loop4) 
node(3,jn,loop4 ) 

c s tore line 5 l 6 

kt ( 5) 
kt(6) 

23 

call gte ide (j m,jo ,le ft,nrit) 
do 23 i = l,node(l,left,loop)+ 1 

no de(i,left,loop4) = node(i,left,loop) 
continue 
do 24 i = 1 1 node(l , nr it,loop)+ 1 

no d e (i,nrit , loop4 ) = node(i ,nrit,loop) 
24 c onti nue 
c s tore line 7 & 8 

c a ll g t side(jt,jn, left,nr i t) 
node(2 , l eft ,loop4) kt(3) 
node ( 3 ,left,loop4 ) kt(o) 
node(2,nrit,loop4 ) = kt(4 ) 
node ( 3,nri t ,loop4 ) = kt(6) 

c s tore line 9 & 10 
c al l g tei de (jm,jt,l e ft,nrit) 
node(2 ,le f t,loop4) node(2,left,lo op) 
node ( 3 , leit,loop4) kt(3 ) 
node(2 1 nr i t,loop4 ) = node ( 2 ,nrit,loop) 
node(3 1 nrit, loop4) = kt(4) 

c s tore line 11 A 12 

c 

call g teide(jo,jn,le! t, nrit) 
node(2 ,leit,loop4 ) = node(2 ,le f t,loop) 
node(3 , l e! t 1 loop4) kt(5) 
node(2 1 nrit,loop4 ) = node(2,nrit,loop) 
node (3,nrit,loop4 ) = kt ( 6 ) 

c store the l oop 3 , the top side 
c 

do 30 j = 1,12 
node(1,j,loop3) = 2 

30 conti nue 
c s to re line 1 

node(2,j m, loop3) = kt(5) 
node( 3 ,j m,loop3) = kt ( 6) 

c s tore line 2 
do 31 i = l,node (1 1 jo,loop)+1 

n od e (i,jo,loop3 ) = node (i,jo,loop) 
3 1 continue 
c s tore line 3 

node ( 2 ,jt,loop3 ) = kt(l) 
node(3,jt , loop3) = kt (2) 

c s tor e line 4 
do 32 i = 1 1 node(l,jn,loop)+l 

n od e (i,j n ,loop3 ) = node (i, j n ,loop ) 
32 conti nue 
c s tore line 5 A 6 

c a ll g teide (j m,jo, le f t ,nrit) 
node(2,left,loop3) kt(5 ) 
node(3 ,l ef t , loop3 ) node(node(1,lef t,loop) + l , l eft , loop) 
node(2,nri t , loop3) = kt(6 ) 
node ( 3 ,nrit, l oop3 ) = node (node(1,nrit,loop)+l,nrit,loop) 

c s tore li n e 7 A 8 
c a l l g teide(jt,jn ,left , nr it) 
node( 2 ,l eft ,loop3 ) = kt(1 ) 
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node(3, l eft,loop3) 
node(2,nrit,loop3) 
node(3,nrit,loop3) 

node(node (1 ,lef t,loop) +1, l eft,loop) 
kt (2) 
node(node(l,nrit,loop)+l,nrit,loop) 

c store line g ~ 10 
c~ll g tside (jm,jt,lef t,nrit) 
node(2,left,loop3) kt (5) 
node(3,left,loop3} kt(1 ) 
node(2,nrit,loop3} = kt(6) 
node(3 ,nrit,loop3} = kt(2) 

c store line 11 ~ 12 

33 

34 
c 

c~ll gtside(jo,jn,left,nrit) 
do 33 i = l,node (1,left ,loop)+ l 

node{i,left,loop3) = node ( i,left,loop} 
continue 
do 34 i = l ,node(l,nrit,loop}+ l 

node(i,nrit,loop3) = node (i ,nrit,loop} 
continue 

c store the loop 2, the middl e bottom s ide 
c 

do 40 j = 1,12 
node{l,j,loop2) = 2 

40 continue 
c store line 1 

node ( 2, j m, loop2) 
node (3, j m ,loop2) 

c store line 2 
node ( 2 ,jo,loop2 ) 
node (3, j o , loop2 } 

kt ( 3 ) 
kt (4) 

k t(5) 
kt (6) 

c store l in e 3 
num = n ode(l,jt, loop) 
node ( 1,jt,loop2) = num- 2 
do 50 j = l,num - 2 

node ( j•l,jt,loop2) = n ode(j+2,jt,loop) 
50 conti nue 
c store line 4 

node(2,jn,loop2) = kt (1) 
node( 3 ,jn,loop2 ) = kt {2 ) 

c store l i ne 5 & 6 
cal l g tside( jm,jo, left,nr it) 
node(2,left,loop2 ) kt(3) 
node(3,left,loop2) kt(5) 
node(2,nrit,loop2) = kt(4) 
node ( 3 ,nrit,loop2) = kt(6) 

c store line 1 & 8 
call g tside(jt,jn,lef t,nrit) 
node(2,left,loop2) node {3,jt,loop) 
node(3, l eft,loop2) kt(1) 
node(2,nrit,loop2) = node(num,jt,loop) 
node( 3 , nrit,loop2) = kt(2 ) 

e • tore line g A 10 
call gts ide(jm,j t,left,nrit) 
node(2,left,loop2) kt ( 3 ) 
node(3,left,loop2) node (3 ,jt,loop) 
node(2,nrit,loop2) = kt(4) 
node{3 , nrit,loop2) = node(num,jt,loop) 

c stor e line 11 ~ 12 
c~ll g tside(jo ,jn,left ,nrit) 
node(2,left,loop2) kt(5) 
node (3, l eft,loop2) kt(1 ) 
node(2,nrit,loop2} = kt(6) 
node(3,nrit,loop2} = kt(2) 

c 
c store the loo p 1, the right s ide 
c 
c •tore line 1 

node(1,jm,loop) 
node(2,jm,loop} 

c stor e line 2 
node (1, j o , loop) 
node (2, j o, loop) 

c store line 3 
node(l,jt,loop} 
node (2, j t, loop) 
node(3,jt,loop) 

c store line 4 
node (1, j n, loop) 
node (2, j n , loop) 

c store line 5 ,skip 6 

2 
kt{4) 

2 
kt {6) 

2 
node(num,jt,loop) 
node(num+l,jt,loop) 

2 
kt{2) 

c~l l g tside(jm,jo,left,nrit) 
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node ( 1, l e! t ,loop) 
node(2,left,loop) 
no de(3,lef t ,loop ) 

2 
kt(4) 
k t (6 ) 

c s tore l i ne 7,ski p 8 
call gtside(jt,jn,left ,nrit) 
n o de(l , left,loop) 2 
n o de ( 2 ,lef t , l oop) = node ( num , jt,loop ) 
n o d e (3,lef t 1 loop) = kt(2) 

c store l i ne Q, s kip 10 
c a l l g t side ( j m, j t, l e f t,nr i t ) 
n o de ( 1,left,loop) 2 
no de(2 , l eft,loop) = kt(4) 
no de ( 3 , lef t, loop) = no de ( n um, jt ,loop) 

c s tore line 11, sk i p 12 

c 

cal l gtside(jo,jn,left,nrit) 
no d e ( 1 ,le! t, loop) 2 
node ( 2 ,left, l oop) kt(6) 
node(3,left,loop) kt(2) 

re turn 
end 

CNAME TRA~14.FOR 

s u brouti ne t ranl4 (loop , jt , jn ,j m, j o, k t) 
c--· · -··· · ········ · -·········--·-······w•··--··--··············*·········· c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: TRANl-4 . FOR 

PURPOSE : do t he transi tion by # 14 me t hod 

WRITTEN BY : SSUTA HSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE : OCT . 6, 1088 
DATE: 

C••· -· ······ ····~•••• • ••*• •• •• •• •• ··· · -··· · ·· · -····· · ··· ·•·•••······•••••• 
c 
C ALGORITHM EXPLANATION: t r ans ition o n l ine~ 8 , 12 
c 

c 
c c a l led : 
c 

g ts ide - - g i v e n the two oppos i t e li es o n a surf ace th en 
g et th e o ther t wo l ines . 

c 
c• •••••• ••••••••••••••·•• • ····· · ·· · ···••··· •• · ·· ·····•• • • •• ••••••••••• ••• 
c 
c c alled by: tra n1. fo r - - H 1 trans itio n con i ~oler 
c 
c •• • ••••••••• •••••• • • •• • •• • •• •••••••• • ••••••• · •••••••••• • ••• •••*• ••• •••••• 

include 'para.inc' 
dimension coor(4,maxnod),node (~axsid,12 , max l oop) ,kt(6) 
c o mmon/a uto/ coor , node,las t, uni t 

c . 0 . s t ore them into s new l o op 
l oop2 loo p + 1 
l oop3 loop + 2 
loop4 loop + 3 
l oopS l oop + 4 

c 
c s t o re the loop s, the left eide 
c 

10 

d o 10 j = 1,12 
node(l,j ,loopS) 

c on tinu e 
c s tore line 1 

node(2,jo,loopS) 
node (3, jo ,loopS) 

c atore line 2 
node(2,jn,loopS) 
node(3,jn,loopS) 

c etor e l i ne 3 
n o de(2,jm,loopS) 
n o de (3, j m,l o opS ) 

c s tore line 4 
n o de(2,jt,loopS) 
node(3,jt,loopS) 

c s tore l i n e S l 6 

2 

node ( 2 , j o 1 l o op ) 
kt(S) 

node (2, j n, loop) 
Itt (1) 

node(2, j m, loop) 
k t(3) 

node (2 1 j t, locp ) 
node (3, j t, l o op ) 

call g t s i de(jo,jn,left,nrit) 

11 

do 11 i = 1,node(l,left,lo op)+l 
node ( i,left,lo opS) = node (i ,lef t ,loo p ) 

con tinue 

99 



node(2,nrit,loop5) = kt(5) 
node(3,nrit , loop5) = kt(l) 

c sto re line 7 ~ 8 
call g tside(jm ,jt,left,nrit) 
do 12 i = 1,node(l,left,loop)+1 

node (i,l eft,loop5) = node(i,l ef t,loop) 
12 continue 

node(2,nrit,loop5) = kt(3) 
node(3,nrit ,loop5) = nod e (3,jt,loop) 

c store line g ~ 10 
call g t s ide (jo,jm,le!t,nrit) 
do 13 i = l ,node(1,left,loop) +1 

node(i,left,loopo) = node(i,left,loop) 
13 continue · 

node(2 ,nrit,loop5) = kt(5) 
node(3,nrit, l oop5) = kt(3) 

c store line 11 ~ 12 
cal l gtside( j n,jt,left,nrit) 
do 14 i = 1,node(1,le!t,loop)+l 

node(i,le!t,loop5) = node (i,left,loop) 
14 continue 

c 

node ( 2 ,nr it ,loop5) = kt(1) 
node(3,nrit.,loop5) = node(3,jt,loop) 

c sto re the loop 4 , the fron t side 
c 

do 20 j = 1,12 
node ( 1,j,loop4) = 2 

20 continue 
c stor e line 1 

do 21 i = 1,node(l,jo,loop)+l 
node(i,jo,loop4) = node(i,j o,loop) 

21 continu e 
c stor e line 2 

do 22 i = l,node ( 1,jn,loop)+1 
node (i ,jn,loop4) = node(i,jn,loop) 

22 continue 
c s tor e line 3 

node(2, j m,loop4 ) 
node(3 ,j m,loop4) 

c s tore line 4 

k t ( 5) 
k t ( 6) 

node(2,jt,loop4) 
node(3,jt,loop4) 

c store line 5 ~ 6 

k t ( 1) 
kt ( 2 ) 

23 

call gtside(jo,jn,left,nrit) 
do 23 i = 1,node(1,left.,loop)+l 

node(i,left,loop4) = node(i,l ef t,loop) 
conti nue 
do 24 i = 1,node(1,nrit,loop)•1 

node(i,nrit ,loop4 ) = node(i,nrit,loop) 
24 continue 
c stor e line 7 ~ 8 

call gts i de ( jm,jt,left,nrit) 
node(2, l eft, loop4 ) kt(5) 
node(3,left,loop4) kt(l) 
node ( 2 ,nrit, loop4 ) = kt(6) 
node(3,nrit,loop4) = kt(2) 

c store line g ~ 10 
call gtside(jo,jm , left,nrit) 
node(2, l eft , loop4) node(2,le!t,loop) 
node(3 ,le ft,loop4) kt(5) 
node ( 2,nrit , loop4) = no de ( 2 ,nr it ,loo p) 
node(3,nrit,loop4) = kt(6) 

c store line 11 ~ 12 

c 

call g tside (jn,jt,left,nrit) 
node (2 ,le!t, loop4 ) node ( 2,left,loop) 
node(3,left,loop4) kt(1) 
node(2,nrit,loop4) = node(2,nrit,loop) 
node(3,nrit,loop4) = kt(2) 

c store the loop 3, the bottom side 
c 

do 30 j = 1,12 
node(1,j,loop3) = 2 

30 continue 
c store line 1 

do 31 i = 1,node(l,jo,loop)+1 
node(i,jo,loop3) = node(i,jo,loop) 

31 continue 
c stor e line 2 
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node(2,jn,loop3) = kt(5) 
node(3 , jn,loop3) = k t(6) 

c s tore line 3 
do 32 i = 1 1 node(1,jm,loop)+l 

node(i,jm,loop3) = node(i,jm,loop) 
32 continue 
c store line 4 

node(2,jt,loop3 ) ~ kt (3) 
node(3,jt,loop3) = kt ( 4) 

c store line 5 A 6 
call g t side (jo,jn ,left,nrit) 
node ( 2 ,lef t,loop3) = node ( 2 ,left, loop ) 
node ( 3 ,left ,loop3 ) = kt ( 5 ) 
node ( 2 ,n r it,loop3) z node(2,nrit,loop) 
node(3 , nrit ,loop3) = kt ( 6 ) 

c store line 7 A 8 
call g teide(jm,jt,left,nrit) 
node(2 ,l eft,loop3) = node ( 2,left,loop) 
node ( 3 ,left,loop3) kt ( 3 ) 
node ( 2 ,nrit , loop3) = nod e (2,nrit,loop) 
node ( 3 ,nrit,loop3) = kt(4) 

c s tore line Q A 10 
c a ll g t s i de (j o,jm, l ef t,nrit) 
do 33 i = l,node(l,left,loop)+1 

node(i,left,loop3) = node(i,left,loop) 
33 continue 

do 34 i = l,node(1,nrit,loop)•1 
node(i,nrit,loop3) = node(i,nrit,loop) 

34 continue 
c s to re line 11 ~ 12 

c 

c a ll gtside(jn,jt,left,nrit) 
node (2,left,loop3) kt(5) 
node(3,left,loop3) kt(3) 
node(2,nrit,loop3) = kt ( 6 ) 
node(3 ,nrit,loop3) = kt ( 4 ) 

c s to re the loop 2, the middle top side 
c 

do 40 j = 1,12 
node ( l,j,loop2) = 2 

40 continue 
c store line 1 

node(2,jo,loop2) 
node ( 3 ,jo,loop2 ) 

c s tore line 2 
node ( 2,jn,loop2) 
node(3,jn,loop2) 

c store line 3 

kt(5) 
kt (6) 

kt(l) 
kt ( 2) 

node(2,jm,loop2) kt(3) 
node ( 3 ,jm, loop2) = kt ( 4 ) 

c e tore line 4 
n u m = node(l,jt,loop) 
node(l,jt,loop2) = num- 2 
do 50 j = l ,num-2 

node(j+l 1 jt,loop2) = node (j+2,jt,loop) 
50 continue 
c store line 6 A 6 

call g t side(jo,jn,left,nrit ) 
node ( 2 ,left,loop2) = kt (5) 
node(3 ,l eft ,loop2 ) s kt(l) 
node ( 2 ,nrit,loop2) = kt ( 6 ) 
node (3,nrit,loop2) = kt ( 2 ) 

c store line 7 A 8 
call gteide(jm,jt,left,nrit) 
node {2 ,left,loop2) kt(3) 
node(3 ,left,loop2) node(3,jt,loop) 
node(2,nrit,loop2) • kt(4) 
node ( 3 , nrit,loop2) • node(num,jt,loop) 

c e tor e line Q A 10 
c a ll gts i de(jo,jm,left,nrit) 
nod e (2,left,loop2) kt(5) 
node(3,left,loop2) = kt(3) 
node(2,nrit,loop2) ~ kt(6) 
node(3,nrit,loop2) • kt(4) 

c store line 11 A 12 
c a ll gtside (jn,jt,left ,nrit) 
node(2 ,l eft,loop2) s kt ( l ) 
node{3,left,loop2) • node(3,jt,loop) 
node(2,nrit,loop2) • kt(2) 
node(3 , nrit,loop2) = node(num,jt,loop) 
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c 
c •~ore ~he loop 1, the right side 
c 
c s tore l i ne 1 

node(1,jo,loop) 
node (2, j o, loop) 

c s tore line 2 
node ( l,jn,loop) 
node ( 2 ,j n ,loop ) 

c sto re line 3 

2 
k t ( 6 ) 

2 
let { 2 ) 

node ( 1, j m, loop) 
node {2,jm,loop) 

2 
ltt{4) 

c s tore line 4 
nod e {1, j t, loop) 
nod e (2, j t, loop) 
node(3 1 jt,loop) 

2 
node(num,jt,loop) 
nod e { num~1,jt,loop) 

c store line 5, sk i p 6 
c a ll g teide ( jo ,j n,left,nrit) 
node ( l,le f t,loop) 2 
node {2,le f t,loop) = k t(6 ) 
node {3,l ef t,loop ) = kt( 2 ) 

c store line 7 ,skip 8 
c a ll g~side(jm,jt,left,nrit) 
node(1,left,loop) 2 
node(2,lef~,loop) = k~(4) 
node(3, left,loop) = no de(num, jt,loop) 

c s tore line O, skip 10 
CAll gtside(jo,jm,le!t,nrit) 
nod e ( l,le!t , loop ) 2 
node(2,le! t,loop ) = kt ( 6 ) 
node(3,l ef~,loop) = kt(4 ) 

c store line 11, skip 12 
c a ll g tside{jn,jt,left ,nrit) 
n od e ( 1 ,le£t, loop) 2 
node(2,left, loop) kt ( 2 ) 

c 
node(3, left, loop) = node (num,jt,loop) 

r eturn 
end 

C::-IA.\(E TR., ;-:2 . F OR 
c • •·· · · · ·· ·· · · · ·· ··-··· • · • ····· · ···· - · · · ·· • • • • • • •••• •• ••• • • •••••••••••• • •• 

subroutine tran2(loop , iter ,ib~g) 

c--· ········ · · · ···· · · · · · ··· · · ·· · · ·-·· ·· ··· ·· · ··· · · · · · ··· · ·· · ··· · ··· · ·· ·· ·· c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : TRAN2.FOR 

PURPOSE : DO TRA~SITION BY # 2 METHOD 

WRITTEN BY : SSUTA HSU 
lJODIFIED BY : 

CHECKED BY : 
CHECKED BY• 

DATE: OCT. 6, 1088 
DATE : 

C · · ·· ···· · ·· · • •• •• • • • • ••••• • •••••· •• •••••••• • •••• • •• • •• · • •• • • • •• • • •• •• •·• • 
c 
C ALGORITHM EXPLA.~ATION: d o the transition on t wo oppoe it line of 
c a surface in a v olume 
c 
c • • • •• • • • ••• •• • •••• • • •• • • •• • •~ • ••• •• •• • • * • •• •• •• • • • •• •••• •• •·~ · ••• • • •• • •• • 

c 
c c a lled t 
c cktran 
c 
c tran21 
c tr a n22 
c p u s h 
c 

check the nodes on the line to see if the node have 
been us e d or not 
do the transition on line 1- 3 ,1-2, ... etc . 
do the transition on line 2 - 4 , 3 - 4 , ... e tc. 
a tore the d a t a into n ew loop 

e •••••• •• • • • • ••• •• ••• • • • ••••••••• • • ••••• • ••• • •• ••••• • •••• • •• • ••••• •••••• • • 
c 
c c a lled by: trana i.for 
c 
c •• ••• ••• • ••• • ••••••• • • ••• • •••• • •• • •••• •••• • •••• • • • • •• •• ••• • •• ••••••• • •••• 

c 

inc l ud e 'para . inc' 
dimens ion coor{4 ,ma xnod) ,node {maxeid, 12,maxloop),is ur(4 ,12 ) 
dimena ion kt(4) 
common/ a uto/ coor,node,laat,unit 
data i sur/ 0,7,11 , 5, 0,3,10,1, 6 , 2, &, 1, 5, 1 1 ,7, Q, 

I 1,6, 2,5, 1,10,3 , 0, 10,8 ,1 2,6, 11, 4 ,12 , 2 , 
I 7, 4 , 8,3, 6 , 12, 8 ,10, 3,8, 4 ,7, 2,12 , 4 , 11 / 

i e nd • ibeg +6 



numl = node (l,i s ur(l,ibeg),loop) 
num2 = node(l,isu~(3,ibeg),loop) 
if(num1.ge.4 .and. num2.eq.2) then 

jl = l 
j2 = 3 

else if(num2.ge.4 .and. num1 .eq.2) then 
jl = 3 
j2 = 1 

end if 
kt (1) = last+l 
do 20 i = 1,4 

coor (i, kt (l)) =((coor(i,node(2, sur (j 2 ,ibeg},loop)} + 
S coor(i , node(3, isur ( 2,ibeg),loop)))/2.0 + 
S coor( i ,node(3 , isur ( 1,ibeg),loop)))/2.0 

20 continue 
c a ll cktran (coor(l,kt(l)) ,kt(l)) 
kt(2) l ast+l 
numjl = node (l,is ur(jl,ibeg ),loop} 
do 30 i = 1,4 

coor(i,kt (2)) =( (coor (i ,node(2, i sur(j2,ibeg),loop)) + 
$ c oor(i,node(3,isur(j2,ibeg),loop)})/2.0 + 
$ coor ( i,node(numj l ,isur ( jl , ibeg) , loop))) /2. 0 

30 continue 
call cktran(coor(l,kt(2)) ,kt(2)) 
kt (3} = last+l 
do 40 i = 1,4 

coor(i,kt(3)) =((coor(i ,node( 2 ,isu r (j2 ,iend),loop)) + 
S coor(i,node(3, isur (j2,iend),loop))) / 2 .0 + 
S coor(i,node(3, isur(jl,i e nd} ,loop))}/2.0 

40 continue 
c a ll cktran(coor ( l,kt(3)), kt (3)) 
kt ( 4 ) = l ast-1 
numj2 = nod e ( l,isu r ( jl, i end) , loop) 
do 50 i = 1 ,4 

coor( i ,kt ( 4)) = ((coor(i,node( 2 , i sur j2,iend) ,loo p)) + 

S coor ( i,no de ( 3,isur (j 2,i ~d),loop)))/2.0 + 
S coor ( i,node(numj 2, isur(. 1 ,iend),loop) ) )/2.0 

50 

60 
c 

con t i nue 
call c ktran(coor(l , kt( 4)) , k t(4)) 
if (numl.ge. 4 . and. n u m2.eq. 2 ) the n 

call tr an2l(loop, i beg,iend, kt) 
else if(nu m2 . ge . 4 . and . numl.eq. 2 ) the r. 

c all tran22 ( loop,ibeg,i e nd,kt) 
end if 
c a ll push(loop,iter} 
do 60 i = 1,3 

loop = loop +l 
c all push(loop,iter) 

continue 

r e turn 
end 

C~A.\ffi TRA:-121 . FOR 

subroutine tran2l(loop ,ibeg ,iend , kt ) 
c--------·········-·-· ·-················-·· ···-··--··-······· ·········-·· · c 
c 
c 
c 
0 
c 
c 
c 

PROGRAM: TRAN2l.FOR 

PURPOSE: do the bottom tr a nsition for # 2 

WRITTEN BY: SSUTA HSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE : OCT . 6 , 1Q88 
DATE: 

C••••••••••••••••••••••••• •••••••••••••••• ••··••• ••••••••••••••••••••••••• 
0 
C ALGORITRW EXPLANATION: 
c 
c •• ••••••••••••• •••••••••• ••••••••••••• ••••••••••••••••••••••••••••••••••• 
c 
c c a ll ed: 
c 
c 

gts id e -- given the t wo opposite lines on & • ur face then 
get the other two l inea . 

e ••••••••••••••••••••• •• ••••••••••••••• •••••••••• •• •••••••••••••••••••••• • 
c 
c called by: tran2.for 
c 
c •••••••• ••••••••••••••••••••••••~• ••••••·•••••••••••••••••••••••••••••••• 

inc l ude 'para .inc' 
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c 

s 
I 

dimension coor(4,maxnod),node(ma x s id,l 2 ,maxloop) , i e u r ( 4 ,12) 
dimens ion lct(4 ) 
log ical oline 
common/a uto/coor , node,laet,uoit 
common/oldln/nnum(20,maxeid•&},lold(maxs id • 6},na ll 
data i a ur/9,7 1 11,6, 9,3,10, 1, 6,2, 6 ,1, 6,1 1 , 7 ,9, 

1,6, 2,5, 1,10,3,Q, 10,8,12,6, 11 ,4 ,12,2, 
7, 4 , 8,3, 6,12,8, 10, 3 , 8 , 4 ,7, 2 , 12,4 ,11/ 

c .•. e tore them into 4 new loop 
c 

c 

loop4 = loop + 1 
loop3 = loop + 2 
loop2 = loop + 3 
c all gts ide(ieur(1,ibeg ) ,isur(1,i end) ,n9,n10) 
c a ll g tside(i e ur(3,ibeg),isur(3,i e nd) ,n1l,n l2) 

c for transition on top li ne 2,4 
c 
c e to re the loop 4 , a t the top 

nn '" 0 
nm = - 1 
do 10 i = ibeg ,iend,(iend-ibeg ) 

do 20 j ~ 1, 4 
node (1,isur(j , i),loop4) a 2 

20 conti nue 
c store l ine 2 , 4 , 1 ,3 

do 30 j = 1 ,2 
node ( j•l,ieur(3 ,i ) ,loop4) nod e (j+1,isur(3,i),loop} 
nn = nn + 1 
nod e (j•1,ieur(1 ,i), l oop4} kt ( nn) 

30 continue 
c s tore line 5 k 7 

e etore 

10 
c 
c e tore 
c 

50 
40 
c 
c • tore 
c 

70 

8 0 

nm = nm + 2 
nod e (2,ieur(4 1 i),loop4 ) kt(nm) 
node (3,isur(4 ,i),loop4) = node ( 2,isur(3,i),loop) 

line 6 & 8 
node( 2, isur(2,i) ,loop4 ) k t(l-nm) 
nc = node(l,isur ( 2 ,i),loop)•l 
node(3,isur(2,i),lo op4) = node ( nc,i · ur(2,i),loop) 

cont i nu e 

line 11,12 

do 40 i = nll,n12,(nl2-nll) 
do 60 j = l,nod e (1,i,loop)+l 

node (j,i,loop4 ) = node (j,i,loop) 
continue 

cont i nue 

l in e 9 , 10 

nm = 0 
l i nel = isur (l,ibeg) 
l i ne2 = isur(1,iend) 
l eft = n1 1 
do 60 j = n9,nlO,(n10- n9) 

k = l ae t 
nm = nm-1 
oline = . !al ee . 
c a ll f' newnd(line l,line2,nm , nm,lef't,loop4,nnod,oline , nold) 
ii (olin e ) th e n 

nnod = lold(nold) 
node (1,j,loop4} = nnod 
do 70 i = l, nnod 

node(i+l,j,loop4} = nnum(i,nold) 
continue 
laet = k 

el•e 
i f (j. eq . n9 . a nd . nnod.ge.node(l,n11,loop))then 

nnod • node (l,nl l ,loop) 
e l ee if(j . eq.nlO . and . nnod.ge .node(l,nl2,loop))the n 

nnod & node (1,nl2,loop) 
end if 
node (1 , j , loop4 ) = nnod 
node(2,j,loop4) = node(nm+l,linel,loop4) 
do 80 i • 2 ,nnod-l 

node (i+1,j,loop4) = k+i -1 
continue 
node (nnod+1,j,loop4 ) = noda(nm•l,line2,loop4 ) 
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last = k + nnod - 2 
e nd if 
l eft = nl2 

80 continue 
c 
c s tore the loop 2 , a t the left s ide 
c 

do 110 i = ibeg,iend,(iend- ibeg ) 
c store line 1 , 3 

node(1,iaur(1,i),loop2) 2 
node(2 ,iaur(l,i),loop2) node (2, i sur (1,i), loop) 
node (3,iaur(l,i),loop2) node ( 3 1 i eur (1 , i) , loop) 

c s tore line 2,4 
node(1 ,isur(3, i) ,loop2) 2 
node(2 ,ie ur(3,i),loop2) node ( 3 ,ieur(4 ,i) ,loop4 ) 
node(3 ,isur(3,i), loop2) node (2,ieur ( 4 ,i) ,loop4 ) 

c s tor e line 6,7 
node(1,iaur ( 4 ,i),loop2) node(1,iaur(4 ,i),loop) 
do 100 j = l 1 node (1 , i a u r ( 4 , i),loop) 

node (j+ l,ieur (4, i) , loop2 ; = node(j- 1, ieur(4 ,i),loop) 
100 continue 
c store li ne 8 ~ 8 

node ( 1 ,iau r ( 2 ,i),loop2) 2 
node(2, iaur(2,i) ,loop2) node(3 1 isur(1,i),loop) 
node(3, isur(2, i),loop2) no d e(2 ,i aur(1,i), loop4) 

110 continue 
c 
c store line 9 ~ 11 
c 

do 120 i = n9,n11,(n11-n9) 
do 130 j • 1,node(l,i,loop) • l 

nod e (j,i,loop2) = node(j,i,loop) 
130 cont inue 
120 continue 
c 
c s tore line 12 
c 

do 131 i = 1 1 node(l,n9,loop4 ) -l 
node (i,n l2 ,loop2) = node(i,n9,loop4 ) 

131 continue 
e 
e store line 10 
c 

c 

k = last 
line1 = isur(1,ibeg) 
line2 = i sur (1,iend) 
aline = .fal ee . 
c a ll f newnd(linel ,line2 , 2 , 2 ,left,loop,nnod,oline,nold) 

c s tore split line into right line of loop two 
c 

i f (oli ne)then 
nnod = lold(nold) 
node(l,nlO,loop2) = nnod 
do 132 i .. l,nnod 

node(i+l,nlO,loo p2) = nnum(i,nold) 
132 continue 

l ast = k. 
c 
c if the old line was f ound then de l e t e t hat line i n nnum to save a p a c e 
c 

do 133 i • nold , n a ll-1 
lold(i) • lold(i+l) 
do 134 jj • l ,lold(i ) 

nnum(jj,i) = nnum ( jj ,i+ 1) 
134 cont inue 
133 continue 

nall = n a ll - 1 
e l se 

if(nnod.ge.node ( l , n9 ,loop)) nnod = node(l,n9 ,loop) 
n ode ( l , nlO, loop2) = nnod 
node ( 2 , nlO, loop2 ) = node ( 3 ,linel,loop) 
do 135 i a 2 ,nnod - l 

node (i+ l,nlO, loop2) k~i- 1 
135 continue 

c 

node(nnod+1,n10,loo p2) node(3,line2,loop) 
l ast = k + nnod - 2 

c s tor e this new line data for o l d line reference check 
c 
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n a ll = nall + 1 
do 136 i = 1, nnod 

nnum(i,nall) ~ node (i +l , n10 ,loop2) 
136 continue 

c 

lold(na ll) = nnod 
e nd if 

c s tore the loop 3, the bottom a ide 
c 

do 170 i = ibeg ,iend , (i end-ibeg) 
c store line 2, 4 

do 14 0 j = 1,3 
node (j,ie u r ( 3 ,i),loop3) = node(j , i eur ( l ,i),loop4) 

140 continue 
c store line 1,3 

net c node(l,ieur(1,i) ,loop)-2 
node (1,isur(1,i),loop3) =net 
do 150 j = 1,nct 

node(j+1,ieur(l,i ) , loop3 ) = node (j•2, i e u r (1,i) , loop) 
150 continue 
c s tore line 6, 7 

nod e ( 1,ieur ( 4 ,i),loop3) 2 
node (2, ieur ( 4 ,i),loop3 ) n ode (3,isur(l,i) ,loop ) 
node(3,ieur(4,i) , loop3) node(2 , isur(l,i),loop4) 

c s tore line 6 , 8 
node(1,isur(2,i),loop3) 2 
node(2,isur(2, i), l oop3) node(nct+2 , ieur(l, i) ,loop) 
node(3,isur(2, i),loop3) node (3,isur (1,i) , loop4) 

170 continue 
c 
c s tore line Q,11,12 
c 

do 180 j = l,node(l ,n lO ,loop2)+1 
nod e (j, n9,loop3) = node (j,nlO, loop2 ) 

180 continu e 
do 190 j = 1,node(1,n9,loop4 )+1 

nod e (j,n11, loop3 ) = node (j,n9, loop4) 
190 continue 

do 191 i = l ,node(l,nlO, loop4)•1 
node(i,n12,loop3) = node(i,nlO,loop4) 

191 continue 
c 
c s tore line 10 
c 

k = l as t 
n um 1 = nod e (l,linel, loop)-1 
num2 = node(1,line2, loop)- l 
oline = .fa l se. 
left = nlO 
c a ll fnewnd(line1 , l ine2,num1,num2,left,loo p ,nnod , oline, nold) 
k = l ast 
i f (oline ) then 

nnod % lold(nold) 
nod e (l,nl0,loop3) = nnod 
do 192 i=l ,nnod 

node(i+1,n10,loop3) = nnum(i,nold) 
192 continue 

l as t = k 
c 
c if the old li ne was f ound then d e l e t e tha t line to eave spac e 
c 

do 196 i = nold,n a ll- 1 
lold(i ) = lold(i+ l ) 
do 196 jj = 1,lold(i) 

nnum(jj,i) = nnum(jj,i+1) 
1 Q6 con tinue 
1Q5 continue 

n a ll • nall - 1 
else 

if (nnod . ge . node ( l,n10,loop)) nnod = node ( 1, nlO,loop ) 
node(1,n10 , loop3) • nnod 
node(2,n10,loop3) = nod e (numl +1,linel, loop ) 
do 1Q3 i = 2 ,nnod-l 

nod e (i •1,nlO,loop3) k +i - 1 
1Q3 continue 

c 

node (nnod+l,nlO,loop3) node(num2+l ,line2,loop) 
las t = k + nnod - 2 

c store this new line data for old line reference check 
c 
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194 

c 

nall = nall + 1 
do 194 i = 1, nnod 

nnum(i,nall) = node (i+ l ,n10,loop3) 
continu e 
lold{nall) = nnod 

end if 

c store the loop 1, the right side 
c 

c store 
do 230 i = ibeg,iend,(iend-ibeg) 
line 2 ,4 

200 

do 200 j = 1,3 
node(j , isur{3,i),loop) 

continue 
node(j,isur(2,i),loop4) 

c store 
2 

line 1,3 
node(1,isur(l,i) ,loop) 
node ( 2, i eur (1, i) , loop) 
node(3,isur(l,i ),loop) 

line 6,7 

node(2+nct,isur(1,i),loop) 
node(3+nct,isur(1,i) ,loop ) 

220 
c 

do 220 j = 1 ,3 
node(j,isur ( 4 ,i),loop) 

continue 
node(j,isur(2,i),loop3) 

c skips 
c 
230 
c 

line 6 , 8 

continue 

c store line 9,11 
c 

240 

241 
c 

do 240 i = l,node(l,nlO,loop3)+1 
node(i,n9,loop) = node(i,n10,loop3) 

continue 
do 241 i = 1,node(l,n12,loop3) +1 

node(i, nll,loop) = oode(i,nl2,loop3) 
continue 

c s ki ps line nlO,n1 2 
c 

return 
end 

CNAME TRAN22.FOR 
c ··· - ··••••••••• •••••••••*••••••••••• •• ••••••• •-•• ••••• ••· •· ••• • •• · •••• • •• 

subroutine tran22(loop,ibeg,iend,kt) 
C•• •···••••• ••••• • ••• •••• ••••••••• •• •• • •• •• ••• ~ ••••• ••·••• •• •••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: TRAN22.FOR 

PURPOSE: do the top transition for ~ 2 

WRITTEN BY: SSUTA BSU 
MODIFIED BY : 

CHECKED BY: 
CHECKED BY: 

DATE: OCT. 6 , 1988 
DATE : 

C••••••• ••• ••••••••••••••••• • • •• • · •••••••••••••·· •·••• • ••• • •• • •• ••• ••••• •• 
c 
C ALGORITHM EXPLANATION: do transition for line 2,4, or 6,8, or 10,12 
c 
c •• ••••-••• • • ••••• •••• • ••• • •••••••••• ••••• ••• • •••••••••• ••••••• ••••• •••• •• 
c 
c. 
c 
c 

called: gtside -- given the two opposite line• on a surface then 
get the other two line•. 

e •••••• •• • • •• • •••••••• •• • • ••·•· ·····••• • •••••••• •• ••••••••••••••••••••••• • 
c 
c. called by• tran2.for 
c 
c•••••·••• • •••••• •••• •• •••• • ••••••••••••••••••••••• • ••• • ••••••••••••• • • •• • 

c 

include 'pa.ra .inc ' 
dimeneion coo.r(4,maxnod) ,node(maxsid, 12,maxloop) , ieur(4, 12) 
dimeneioo kt(4) 
logical cline 
common/auto/coor,node,laet,unit 
common/oldln/nnum(20,maxa id • 6),lold(maxs i d•6),nall 
data ieur/9,7,11,5, 9,3,10,1, 6,2, 8 ,1, 5,11,7,9, 

I 1,6, 2,6, 1 , 10 , 3,9, 10,8,12,6, 11,4,12,2, 
I 7, 4 , 8,3, 6,12 , 8 ,10, 3,8, 4,7 , 2,12,4,11 / 

c .. store them into 4 new loop 
c 

loop3 = loop + 1 
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loop4 = loop + 2 
loop2 = loop + 3 
c a ll gteide(isur ( 1,ibeg),ie ur ( 1, i e nd),n9,n10) 
c a ll g t a ide( isur (3,ibeg),iaur(3,ie nd ), nl1,nl2) 

c store the loop 4 , a t the bottom aide 

nn = 0 
nm = - 1 
do 10 i • ibeg,iend,{iend-ibeg) 

do 20 j = 1,4 
node (1,i s ur{j,i),loop4) = 2 

20 continue 
c sto re line 1 A 3 

do 30 j = 1 , 2 
node ( j+1,isur (1,i),loop4 ) node ( j• l ,iaur(1,i),loop) 

c store line 2 i 4 
nn '" nn + 1 
node(j+1,isur(3,i),loop4) kt(nn ) 

30 continue 
c s tore line 6 i 7 

c s tore 

10 
c s tore 

nm = nm + 2 
node(2, i sur( 4 ,i),loop4) 
node(3, i sur(4 1 i),loop4) 

line 6 &; 8 
node(2,isur(2, i } ,loop4) = 
node(3,ieur(2,i),loop4 ) 

continue 
li ne g &; 10 

node(2,ieur(1,i) , loop) 
let (nm) 

node ( 2 ,iaur(2 ,i) ,loop) 
kt.(l•nm) 

c find the lines on both s ides 
c 

d o 40 i • n9,n10, (n1 0 - n9) 
nod • nod e ( 1,i,loop) 
d o 50 j = 1 ,nod~l 

nod e ( j,i,loop4) = node(j,i,loop) 
50 continue 
4 0 continue 

c s tore line 11 , 12 

nm "' 0 
line1 • i s ur(3,ibeg ) 
line2 • i eur(3,iend) 
l ef t .. n9 
do 60 j • nl1 1 n12, ( n12-c11 ) 

k = l aet 
nm = nm• l 
oline = . false. 
c all fne~nd (line1 ,lin e2 1 nm,nm ,lef t,loop4 ,nnod,oline,nold) 
if (oline ) then 

nnod a l old(nold) 
node(1 ,j, loop4 ) = nnod 
do 70 i = l, nnod 

node(i+1,j,loop4) = nnu~(i,nold) 
70 continue 

l aet. "' k 
e l se 

if(j . eq . n11 . a nd. n nod . ge . node (1,n9 , loop))then 
nnod = node ( l,n9,loo p ) 

else if(j.eq.n12 .and . nnod. ge .node(1,n10,loop))then 
nnod = node(1,n10,loop) 

end if 
no de ( l,j,loop4) = nnod 
node(2,j ,loop4 ) = node (nm•l, l in e l,loop4) 
do 73 i = 2, nnod-1 

n od e (i+1,j ,loop4) = k+i - 1 
73 continue 

node(nnod+l,j,loop4) = node(nm+l,line2,loop4 ) 
l ae t • k + nnod - 2 

end if 
l e ft "' n10 

60 conti nue 

c e tore the loop 2, a t. the l ef t side 
c 

do 110 i = ibeg ,iend,(iend- ibeg) 
c e t.ore line 1,3 

do 80 j = 1,3 
no de(j,isur(1,i) ,loop2) = node (j,isur(4 ,i) ,loop4 ) 
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80 continue 
c s tore line 2 ~ 4 

node (1,isur(3,i),loop2 ) = 2 
do 00 j = 1,2 

node(j+1 ,isur ( 3 ,i) ,loop2) = node(j• l ,i s ur(3,i),loop ) 
00 continue 
c s tore line 6 ~ 7 

node(1,ieur ( 4,i),loop2) = node(1,ieur ( 4, i) ,loop) 
do 100 j = 1, node(1,isur ( 4, i),loop) 

node(j+1 , i s ur(4 ,i) , loop2 ) • node(j•1,isur(4,i) ,loop) 
100 continue 
c e tore line 6 ~ 8 

node (1,isur(2,i),loop2 ) 2 
nod e ( 2 ,iaur(2,i),loop2) node(2, i a ur(3,i),loop4 ) 
nod e ( 3 ,ieur(2, i),loop2) node(3,iaur(3,i) ,loop ) 

110 continue 
c s tore line 0 ~ 11 
c 

do 120 i = nO,n11, ( n11-nQ) 
nod= node ( 1,i,loop) 
do 130 j = 1 , nod+1 

node(j,i,loop2) = node ( j,i, loop) 
130 continue 
120 continue 
c 
c etore line 10 
c 

do 140 i = 1,node(l,nl1, loop4 )+1 
node(i,nlO, loop2 ) = node(i,nll,loop4 ) 

140 continue 
c 
c etore line 12 
c 

k = l ast 
line l = isur(3,ibeg) 
line2 = isur(3,iend) 
l eft = nll 
oline = .false. 
c all fnewnd (linel,l ine2,2 , 2 ,left,loop,n~od,oline,nold) 
if(oline )then 

nnod = lold(nold) 
node (l,nl2,loop2) = nnod 
do 160 i=1,nnod 

node(i+1,n12,loop2) = n num(i,nold) 
160 continue 

last = k 
c 
c if the old line was fo und th e n delete that line to eave space 
c 

do 161 i z nold,na ll-1 
lold(i) • lold(i+l ) 
do 162 jj = 1,lold(i) 

nnum (jj,i) = nnum (j j, i~1) 
162 continue 
161 continue 

nall = nall - 1 
else 

if(nnod. ge .node ( l ,n 1l ,loop)) nnod ~ nod e ( l, n 1l ,loop ) 
nod e (l,n12,loop2) z nnod 
node(2,n12,loop2) = node(3 ,line1,loop) 
do 160 i = 2, nnod - 1 

node (i+ 1 ,n12, loop2) k ~i - 1 
160 continue 

c 

node(nnod+1,n1 2 ,loop2 ) node(3,line2 ,loop ) 
l as t = k + nnod - 2 

c s tore this n ew line d a t a for old line reference che c k 
c 

n a ll = n a ll + 1 
do 161 i • 1, nnod 

nnum(i,na ll) = node (i+ 1, n12,loop2 ) 
161 continue 

c 

lold(na ll) • nnod 
end if 

c store the loop 3 , the top side 
c 

do 170 i = ibeg ,iend , ( iend-ibeg) 
c e tor e line 1 , 3 

node(1 , isur ( 1,i) ,loop3) = 2 
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node (2,isur(l,i) ,loop3) = node (2,isur(3,i),loop4) 
node (3,isur (1,i) ,loop3) = node(3,isur(3,i),loop4) 

c store line 2,4 
net= node(l ,isur(3,i),loop) - 2 
node(1,isur(3,i),loop3) =net 
do 1 80 j = l,nct 

node (j+ l,isur ( 3 1 i) ,loop3) • node(j•2,isur(3,i),loop) 
180 continue 
c s tore line 6,7 

node (1,i s ur(4 ,i),loop3 ) 2 
node(2 ,i s ur( 4, i),loop3) node (2,i s u r (3,i),loop4) 
node ( 3 ,is ur(4 ,i),loop3) node(3,isur(3,i),loop) 

c store line 6,8 
n ode(1,isur (2, i) ,loop3) 2 
node(2,isur(2,i),loop3) node(3,ieur(3,i),loop4 ) 
node(3,isur(2,i),loop3) node(nct+2,isur(3,i),loop) 

170 continu e 
c 
c s tore line 0,10,11 
c 

do 190 j = 1,node(1,nll, l oop4 )+1 
nod e (j,nO,loop3) = node(j,nll,loop4) 

100 continue 
do 101 j = 1,node (1 ,n12,loop4)+1 

node(j,nlO,loop3) = node(j,n12 ,loop4) 
101 continue 

do 102 i = 1,nod e ( l,n12,loop2)+1 
node(i,n1l,loop3) = node(i,n12,loop2) 

102 continue 
c 
c store line 12 
c 

k = last 
num1 = node(l,linel,loop)-1 
num2 = node(1,line2,loop)-1 
left = n12 
oline = .fa ls e . 
c all ! newnd(l ine l,line2,num1,num2,left coop,nnod , oline ,nold) 
k = l ast 
if(oline ) then 

nnod = lold(nold) 
n ode(1,n12,loop3) = nnod 
do 104 i=l,nnod 

node(i+l , nl2,loop3) = nnum(i,nold) 
104 continue 

last = k 
c 
c if the old line was found then delete that : i ne to save spa c e 
c 

do 196 i = nold,na ll-1 
lold( i ) 2 lold(i+ l ) 
do 196 jj • l ,lold(i) 

nnum (jj , i) = nnum(jj,i+l) 
196 con tinue 
195 continue 

nell = nal l - 1 
else 

if(nnod. ge .nod e (1,n l2 , loop) ) nnod = node ( l,nl2,loop) 
node(l,n12 ,loop3 ) = nnod 
node(2,nl2,loop3) = node(numl•l, linel,loop) 
do 107 i = 2 ,nnod -1 

node (i• l,nl2,loop3) k+i-1 
197 continue 

c 

node(nnod+1,n12 ,loop3 ) node (num2•1,line2,loop ) 
last = k + nnod - 2 

c stor e this new line data for old line reference check 
c 

n e l l = nall + 1 
do 108 i = 1, nnod 

nnum(i,n a ll) a node(i+l,nl2,loop3) 
198 continue 

c 

lold(na ll) • nnod 
end if 

c store the loop 1, the r i gh t side 
c 

d o 230 i = ibeg,iend, (iend-ibeg) 
c store line 1,3 

node(l,i s ur(l,i) ,loop) = 2 
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node(2,isur( l, i),loop) 
node(3,iaur(l,i) ,loop) 

c store line 2, 4 
node ( l,isur ( 3 ,i),loop) 
oode ( 2 ,isur(3,i),loop ) 
node(3,isur(3,i), loop) 

node (3,isur (2,i) , loop4) 
node(2,isur(2,i),loop4 ) 

2 
node(nct+2,isur(3 ,i) ,loop) 
node(nct+3 1 isur(3,i) ,loop) 

c store line 5, 7 
do 220 j = 1,3 

node(j, i eur(4,i),loop) node(j,isur(2,i) ,loop3) 
220 continue 
c 
c skips line 6, 8 
c 
230 continue 
c 
c store line Q1 ll 
c 

do 240 i = l,node (l,nlO, loop3 )+1 
node(i,nQ,loop ) = node (i,n lO,loop3) 

240 continue 
do 241 i = 1,node(l,nl2 , loop3) +1 

node (i ,nll ,loop) = node (i,nl 2,loop3) 
241 continue 
c 
c skips line 10,12 
c 

return 
end 

CN~v.E TRAN5.FOR 
c ·- ·-··•••••••••••••••• ••• ·•••••••••• • •• • ••••••·•••••• •• ••• •••·• ·- ·· ···--· 

s ubroutine tran6(loop,iter) 
c--- -~·· · ······· ···· ·· ··· ··· ···· · ······ · ·······~ ······•-············ ···~ -· c 
c 
c 
c 
c 
c 
c 
c 

c 

PROOR~~: TRAN5.FOR 

PURPOSE: DO TRA~SlTIO~ BY #5 METHOD 

~~ITTEN BY: SSUTA HSU 
MODIF IED BY: 

CHECKED BY : 
CHECKED BY: 

DATE: OCT. 6, 1988 
DATE: 

C ALGORITHY EXPLANATION : If model was too comp ~ ex to subdivided by 
c either tranl or tran2 method, then a dd a cube ins i de the ol d solid 
c 
c• •• • *•••• • •••••••• • •••• • •• •• •••• • •• ••••••••·•·~ ~ ·-••••••·- ~ · ·• •• •••••-••• 
c 
c 
c 
c 
c 

c a lled: 
tra n5l 
push 

a dd a new h e xahedron in the cente r of old hexahede on 
store the data i nto new loop 

c •·•••••••• •• ••• •• ••••······••• •••• •••••••••••••••• • •••• M•• •• • • ••••••••·-· 
c 
c 
c 

called by : tra nai.for -- transition flag checker 

c ••••••• •• •••••• ••• ••••••••••••• •• •••••••••••••• • •••••••••••••••••• •• ••••• 

c 

c 

include 'pa r a .inc' 
dimension coor(4 ,ma xnod),node(m&xaid,l2,maxloop),ce nt(4 ) 
commonfautojcoor,node,laet,unit 

c find the 8 point of c enter cube 
c 

num node(l,4,loop) 
do 10 i : 1,4 

diff = coor (i ,node(num+l , 4,loop)) - coor (i,node (2, l,loop) ) 
coor(i,k+l) = coor(i,node(2,l,loop)) + diff/3 . 0 
coor(i,k+8) = coor(i,node(2,1,loop)) + diff•2 . 0 / 3.0 

10 continue 
num = node ( l , l,loop) 
do 20 i = 1 1 4 

diff = coor(i,node(2,4,loop)) - coor(i,node (num•l,l,loop)) 
coor(i,k+2) = coor(i,oode(num+l,l,loop)) + d iff/3 .0 
coor(i,k+7) = coor(i,node(num+l,l,loop)) + d i ff•2.0/3.0 

20 continue 
num = node(l ,3, loop) 
d o 30 i 1 , 4 

d iff = coor(i,node (num+l,3,loop)) - coor(i,node ( 2 , 2 ,loop)) 
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30 

coor (i, k•3) = coor(i,node ( 2 , 2 ,loop) ) • d iff / 3 . 0 
coor(i, k+6) a coor(i,node (2, 2, loop)) • d i ff • 2 . 0/3 . 0 

continue 
num = n ode (1, 2 ,loop ) 
do 40 i = 1,4 

dif ! = coor(i, node (2,3,loop)) - coor (i ,node( num• l 1 2 ,loop)) 
coor(i,k+ 4 ) • coor (i,node (num+l , 2 ,loop)) + diff / 3 . 0 
coo r (i ,k+5) = coor(i, node (num+1,2 , loop)) + d i/! • 2 . 0 / 3 .0 

4 0 

50 
c 

continu e 
c al l tran51 (loop) 
l aet • k·8 
c a ll p ueh (loop ,iter) 
do60 i: 1,6 

loop = loop.-1 
c a ll pueh (loop,iter) 

continue 

return 
end 

CNAME TRAN61 . FOR 
c--~-······················ · ·· · ···· · ··········· · ·························· 

s ubrouti ne tran51(loop) 
C•••••••••••••••••••••••••·••••••••••••••·••••••••••••••••••••••• • ••• • •••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRk~ : TRAN51 . FOR 

PURPOSE: DO TRANSITION BY #61 METHOD 

WRITTEN BY: SS~TA HSU 
MODIFIED BY: 

CHECKED BY : 
CHECKED BY : 

DATE: OCT. 6 , 1988 
DATE: 

C ······ · · · ························-··4••·••••• ·• ~•· ·~ ·· •• •• ••· ···•·•• • •••• 
c 
C ALGORITH~ EXPLANATION: a dd a cube to t h e ce , t e r o f the c o mpl e x 
c 
c 

tra nsition soli d 

c···-···· ·· ··--·· · ·········-·················· · ·················•······•· 
c 
c cal le d by: t r a n6.for - -specia l nuaber o f no' cs control er 
c 
c ••••••••••• • •• • • •••••··•····•-••••• • ••• • • ••••• · ••••••••••• • •••••••••••••• 

in c lude 'p~ra .i nc' 
d i mens ion coor(4,maxnod),node ( maxeid , 1 2 . Qax loop},i e ur(4 , 6 ) 
common/ a uto/coor,node,lLS t ,unit 
d a t a i e ur/1 1 6,2 ,6 , 1,10,3,Q, 10,8 ,12,8, 2,12,4,11 1 s 5,11, 7 , 9 , 3 , 8,4,7/ 

c .. . store them into o n ew loop 
It = laet 
loop2 • loop + 1 
loop3 • loop + 3 
loop4 loop • 3 
l oop5 • loop + 4 
loope loop • 5 
l oop 7 loop + e 

c in i tialize th e no de number 
do 20 j = 1 1 6 

do 10 i • 1,12 
node(1,i ,loop+j) ~ 2 

10 continue 
20 continue 
c 
c sto re one eur f a c e for each loop f iret 
c 

do 50 m = 1,6 
do 40 j .. 1 , 4 

do 30 i • l , node {l, i eur (j, • ),loop)+1 
node (i ,ieur(j,m),loop+m) = node (i,ieur (j,m) ,loop) 

30 continue 
4 0 continue 
50 continu e 
c e tore the loop 2, the front aide 
c e tore line 3 , 4 ,7 1 8 

60 

inc = - 1 
d o 60 i = 3 , 4 

inc • inc • 2 
node (2, i,loop2) 
node ( 3 , i, loop2) 

continue 
i n c = 0 

k+inc 
k+inc+l 
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do 70 i = 7 , 8 
inc = i nc .. 1 
node {2, i, l oop2) 
no de ( 3,i,loop2) 

70 continue 
c store line 9 ,10,11,12 

inc = 0 
do 80 i = 9,12 

inc = inc + 1 
node ( 2 , i, loop2) 
node{3,i,loop2) 

80 continue 
c store the loop 3, the 
c atore line 2 , 4 ,11,12 

inc = - 3 
do 90 i = 2,4,2 

inc • i nc + 4 
node{2,i,loop3) 
node {3,i,loop3) 

90 continue 
inc ,. 0 
do 100 i = 11,12 

inc = i nc + 1 
node(2,i,loop3) 
node(3,i,loop3) 

100 continue 
c store l i ne 6,6,7,8 

inc = 0 
do 1 10 i = 6 , 6 

inc = i nc + 1 
node ( 2, i,loop3 ) 
node ( 3 , i,loop3) 

110 continu e 
inc = 4 
do 120 i = 7 , 8 

inc = i nc + 1 
node(2,i,loop3) 
node(3,i,loop3) 

120 continue 
c 

= k +i nc 
k+inc•2 

= node(2,i, loop) 
= k+inc 

bottom side 

k+inc 
k+inc+l 

k+inc 
k .. inc+4 

node(2,i,loop) 
k +inc 

node (2, i ,loop) 
k +i nc 

c store the loop 4, the r i ght s ide 
c store l i ne 9,11,6,7 

130 

inc ,. 0 
do 130 i • 9 ,11,2 

inc .. inc + 2 
node(2 ,i ,loop4 ) 
nod e {3,i, loo p4) 

continue 
inc = - 2 
do 140 i = 6,7,2 

k +inc 
k +i nc +4 

inc R inc + 4 
node{2, i,loop4 ) k+inc 
node{3,i,loop4 ) = k+inc+2 

140 continue 
c store line 1,2,3, 4 

inc .. 0 
do 160 i .. 1,4 

num = node(1,i,loop) 

160 
c 

inc "' inc + 2 
node ( 2,i,loop4 ) 
node {3 , i,loop4 ) 

continu e 

c store the loop 6, the 
c store line 1 , 3,9,10 

inc = -1 
do 160 i • 1,3,2 

inc • inc + 4 
node{2,i,loop6) 
node(3,i , loop6) 

160 continue 
inc .. 2 
do 170 i .. 9 ,10 

inc .. inc + 1 
node{2,i,loop6) 
node (3, i ,loop.S) 

170 continue 
c store line 6 , 6,7,8 

inc = 2 
do 180 i = 6 1 6 

k + inc 
node (num+ 1 , i,loop) 

top • ide 

k+inc 
k+inc+l 

k+inc 
k+inc+4 
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num = node ( 1, i , loop) 
inc = i n c + 1 
nod e ( 2 1 i,loop6) k +i nc 
nod e(3 ,i 1 l o op5) = n o de ( num+I, i, l oop) 

180 continue 
inc = 6 
do lQO i = 7 , 8 

nu~ = node(1 ,i , loop) 
inc = i n c + 1 
node(2,i,loop6) k~ inc 
node(3 ,i,loop6) = node(num•l,i,loop) 

190 
c 

conti nue 

c etor e the l o o p 6 1 the left 
c etore line 10,12,6 , 8 

s ide 

2 00 

inc = - 1 
do 200 i = 10 ,12,2 

inc = inc + 2 
node(2,i 1 loop6) 
node(3 , i, l oop6) 

continue 
inc = -3 
do 21 0 i = 6 , 8 , 2 

inc = inc t 4 
node(2, i,loop6) 
node(3 1 i,loop6) 

2 10 c ontinue 
c store l ine 1,2,3,4 

inc : - 1 

220 
c 

do 220 i = 1 , 4 
inc = inc t 2 
node (2,i, l oop6) 
node(3 1 i,loop6) 

continue 

no de (2,i,lco p ) 
k+inc 

c eto~e the loop 7 1 the b&ck s id e 
c sto r e line 1 ,2,5, 6 

240 

inc = 3 
do 240 i = 1 1 2 

in c = i nc + 2 
node(2,i,loop7) 
node (3,i, loop7) 

conti nue 
inc = 4 
d o 260 i = 6,6 

inc = i n c + 1 
node( 2 , i 1 loop7) 
node{3,i, l oop7) 

2 5 0 continue 
c etore line Q, 10,11,12 

inc = 4 
d o 260 i = 9 ,1 2 

k~inc 
k +inc+1 

k + inc 
k + inc+2 

num = node(1,i,loop) 
i nc = inc + 1 
node(2,i,loop7) k +in c 
node(3,i,loop7) = no de (num+l,i ,loop) 

cont inue 260 
c 
c etore loop1, the center 
c etore line 1,2,3,4 

inc = -1 
do 270 i = 1,4 

node(1,i,loop) 
inc = inc + 2 
node(2 ,i 1 l oop) 
node (3, i 1 loop) 

270 continue 
c etore line 6,8,7,8 

inc = 0 
do 280 i = 6 1 6 

node (1, i 1 loop) 
inc = inc + 1 
nod e (2 , i 1 l oop) 
node(3,i,loop) 

280 continue 
inc = 4 
do 2QO i = 7,8 

node(1,i,loop) 
i nc = inc + 1 
node (2, i, loop) 

cube 

2 

k• i nc 
k+inc+l 

2 

2 

k+ i nc 
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nod e (3 , i,loop ) k+inc+2 
200 continue 
c etore l ine 0 , 10,11 ,12 

inc "' 0 
do 300 i = 0 ,1 2 

no d e ( l,i,loop) 2 
inc • inc: • 1 
n o de (2,i,loop ) • k +i nc 
node ( 3 ,i,loop ) a k +i nc+4 

300 continue 

r e t u rn 
end 

CNAME TRANSI . FOR 
c ••••••·••••·•••• • ••••••••••••••·••••••••••••••••••••••••••••••••••••••••• 

s ubroutine tr~n•i(loop,iter,iflagx ,iflagy,i!lagz) 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAU : TRANSI . FOR 

PURPOSE : CHOOSE THE PROPER TRANSITION 

WRITTEN BY: SSUTA HSU 
MOD IFIED BY : 

CHECKED BY: 
CHECKED BY: 

DATE : OCT. 6, 1088 
DATE : 

C·~ · · ········••••••• • ··· · · ·· ~·-····••• • ••••·•••··················· ····· ··• 
c 
C ALGORITHM EXPLANATION : che ck the ~r~nsi tion f l ~g a nd aeeign the proper 
C t rans i ti o n 
c 
c • •·•••• • ••• • •••• • •···~·•·••••••••••••••••••••••••••••• ••••••• •••••••••• • • 

c 
c c alled : 
c tranl . f o r trans i t i on me thod 1 

tran•ition method 2 
t ransition me thod 5 

c t~ an2 . Cor 
c tr a no . for 
c 
c• · ·-· --·· ································•••· · ······-··•·•••••••••••••• •• 
c 
c c a ll ed by : 
c vmeeh . !or -- volume meshing control e r 
c 
c• ••••·••••••••••·••• ••• •• ••••••••••••• ••• ••• •· ••••••••••••••••••••••••••• 
c 
c do #5 tra n e ition -- - a dd cube in t~ e center 
c 

c 

if(iflagx.eq.5 .or. iflagy.eq.5 .or. i f l ~gz.eq.5)then 
c a ll tran5(loop,iter) 

c d o &- direction t ran•itio n 
c 

c 

el•e i ! (i ! l agz .eq . 21 .and. iflagx.ne .2 l ) the n 
call tran2(loop,iter,2) 

elee i !(iflagz . eq.22 . and. if l agy.ne . 21)then 
call tran2(loop,iter,l) 

el•e i f (iflagz . eq . ll . and . iflagx.ne.21 . and. i f l agy .ne.2 l )then 
c a ll tranl (loop , iter,O ,iflagz ) 

elee i f (iflagz. e q . l2 . a nd. ifl agx .ne .21 . a nd. i!l agy.ne.2l)the n 
c a ll tranl(loop,iter ,lO,i ! l agz) 

e lae if(i! l agz . eq . l3 .and. iflagx .ne .21 . a nd. ifl agy.ne. 2 l)the n 
call tranl(loop,iter, ll ,iflagz) 

e l•e i !( i !lagz .eq. 14 .and. i!l agx . ne . 2 1 . a nd. iflagy .ne . 2l)then 
c a l l tr a n l (loop ,iter,l2 ,i flagz) 

c do y - direction t ran•ition 
c 

c 

e l •e i f (i ! l agy . e q . 21 . a nd. iflagx .ne . 22)then 
c a ll tran2 (loop, i ter,3) 

e l •e i ! (i!lagy. e q.22 . a nd. i!lagz . ne . 21 )then 
c a ll tra n2(loop,iter,4 ) 

e l •e i ! ( i! l agy . eq . ll . a nd. iflagx .ne . 22 . a nd. i flagz .ne . 2l )then 
c a ll tran l (loop,iter,5 ,i f l agy) 

el•e i f (iflagy . e q . l2 . and . iflagx .ne . 22 . a nd. iflaga .ne . 2l )the n 
c a ll tranl(loop,iter , 6, iflagy) 

e l •e i ! (i f l agy . eq . 13 . a nd. i! l agx .ne .22 . a nd. iflagz . ne . 2l )the n 
c a l l t r a n l (loop,iter , 7 ,i(l&gy) 

e l •• i f (i f l agy .eq . l4 . and . iflagx .ne.22 . a nd. i f l agz .ne .2l )then 
c a ll tra n l (loop,i ter,S ,i!lagy) 
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c do x - direction traneiti on 
c 

elee if(iflagx. eq .21 .and. i!lagy .ne.22)then 
c a ll tran2(loop,iter,6) 

e l ee if(iflagx.eq . 22 . a nd . iflagz.ne.22)then 
c al l tran2(loop,iter , 6 ) 

e l ee if(iflagx .eq.ll . a nd. i f l agy.n e .22 . and . iflagz . ne.22)tban 
c a ll tranl (loop,iter , l,iflagx ) 

e l ee if(iflagx . eq.l2 . a nd. iflagy . ne.22 . and . i f l agz . ne.22)the n 
c a ll tranl{loop,iter , 2 ,i flagx ) 

else i f (i f l agx . eq.l3 .and . i f lagy.ne .22 . a nd. iflagz . ne .22}then 
c a ll tra nl(loop,iter , 3 , i!lagx) 

e l e e if(iflagx.eq.l4 . and . iflagy.ne . 22 . a nd . iflagz .ne . 22)then 
c a ll tranl(loop,iter, 4 ,i flagx ) 

c 
end it 

retu rn 
end 

CNAME VCTNOO.FOR 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

subroutine vgtnod(loop,next,linel,line2,numl,num2) 
C···· ··· · ····•·•• •·· · ···· ·············· ··•••• ••••••• ·········••••••••••••• c 
c 
c 
c 
c 
c 
c 
c 

PROCR~~~ VOTNOO .FOR 

P~RPOSE: FINO THE BEST SPLIT NODES BETWEEN TWO LI~~S 

WRITTEN BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: 
DATE: 

OCT. 6, 1988 

C•••••••••••• • •••w• • ••• • ••• •••• •••••• •••• •••••••••• •••••••• •••••• ••••••••• 
c 
C ALGORI THM EXPLA~ATION: CHECK THROUGH THE OLD LI~~ TO FIND THE BEST SPLIT 
C ~ODES, IF ~OT FO~~D THEN CREATE A BEST LINE 
c 
c•• ···· · ········••••••••••·•··-········- · · -··· - ····~· -··· · •••• •••••••• • 
c 
c c a lled: 
c 
c 
c 
c 

vnex t l . for 
g t s i de.for 
vnewde.for 

find the next best node 
get o ther p a ir of lines in a sur!ac e 
get new distance 

c •••••••· ···•••••••• ••••••• ••••••• • • • ••••• •••••••• •••• • •••••• •••••••••• 
c 
c called by: 
c xmeeh.for x-direction mesher 

y-direction mesher 
z-direction mes her 

c yme•h.!or 
c zmeeh . ! o r 
c 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

include 'para.inc' 
dimeneion coor ( 4 ,maxnod),node(maxsid,12,maxloop),xo(maxsid), 

S yo(max a id) ,zo(maxsid), iorder(2,12) 
common/ a uto/coor,node,las t,unit 
logical found 
data iord e r/2, 3, 4 1 1, 1 1 4 , 3 , 2, 6 , 7 , 8,6, 6,8, 7 , 8, 

s 10,11, 12,9, 9,12, 11 ,10 / 
c 
c check for the existing line, if not f ound then mak e a new one 
c 

c 

line2 • iorder(next,line l) 
c al l vnextl ( loop,linel,line2 ,n~m1,num2,found) 
if(found) return 

c find the bea t split line 
c 

nnod node (l,line2 ,loop ) 
nodl node(numl+l ,linel, loop) 
dmin l . elO 
di e t 1.e9 
k = 0 

c k = 1 
do whil e (di e t.lt.dmin . a nd. k .l t . nnod) 

dmin = diet. 
k .. k•2 

c k • k+-1 
if(k.lt.nnod)then 

nod2 node( k +l,line2 ,loop} 
diet = aqrt((coor{l , nod1}-coor ( l ,nod2)) ••2• 
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I 

• (coor ( 2 ,nodl ) - coor ( 2 , nod2) ) •• 2 + 
(coor ( 3, nodl ) - coor ( 3 ,nod2)) ••2 ) 

c 
c ge t the deformed di et~nce - - better res u l t 
c c~ll v n ewd s ( nod l,nod2 , n um, xo ,yo , zo , d i et ) 

e nd i f 
end do 
n u m2 k - 2 

C n u m2 = k - 1 
c 

r e tu rn 
e nd 

CN~~ VNEWDS. FOR 
c ••·• • • • ••••••••• • • • • • •••••• •• •••••••••••••••• • •••••••••• • ••••••• • • • •••••· 

e ub r ou t ine v n ewd e ( no d 1, nod2 , num, xo ,yo , z o , d i e t ) 
c---··· ·· · ··· · · ····· · · ······• •* ······················· · ··················· c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : VNEWDS. FOR 

PURPOSE: f ind the d ie t~nce of a de formed l inee 

WR ITTEN BY : SSUTA HSU 
MODI FIED BY : 

CHECKED BY: 
CHECKED BY: 

DATE: OCT . 6 , 1088 
DATE : 

C•• • ••• •••• • •• • •••••·· ·· ~ ·· •••••••• • ••••••••• · ·•••••••••• • • • •••• • ••••••••• 
c 
C ALGORITHM EXPLANATION : 
c 
c · ·· · · ·• •· •••• ••• • • • ••••••••••••~·· ••• •• •• • •• •••••• • • ••• • • •• • ••••• • ••••••• 

c c a l led : def o rm . f o r -- de f o rmed the no d es 
c 
c • •• • ••••••••• • • ••••••• • ••••••• • • • ••••••• • • • ••••• •••• • •••• • •• ••••• · • ••• • · • 
c 
c c a ll ed by: 
c vgtnod.f o r f i nd the best node f o r s plit line 

f ind t h e n e w no d e s c f ne ~nd. for 
c 
c ·· ·--·· · • • ••• • ••• • ··•••• • • • ••••• • •• •·• •••• • • • • •• • ••••• ••• • • •• • • • • • ••••••• 

i nclude 'pa r e .inc' 
d i me ns ion coo r ( 4 , ma.xnod ) ,nod e (maxa id, l2 ,max l o o p ) ,xo(maxe id), 

S y o ( mex e i d) , zo ( maxs id) 
commo n / a uto jcoor,node , l a s t , un i t 

c 
c a saume th e numbe r o f nodee r equir e e a me as the lef t l in e to e t art with 
c 

10 

c 

s um=O . O 
d o l O j = l , num 

x i coor ( l ,nod l) • (co o r ( l, nod2 ) -coo r ( l , nod1 )) • (j- 1 ) / ( num- 1 ) 
y i = coor (2, nodl ) + (coor ( 2 , nod2) - c o o r ( 2 , nodl )) • (j- l )/(num- l ) 
c i = coor ( 3 , no dl ) • {coor ( 3, nod2)-coo r ( 3,no d1 )) • (j - 1 )/(n um- l ) 
c a l l d eform(xi,yi ,z i, x o ( j ), yo( j }, zo ( j )) 
i f (j . g t .1 )the n 

eum = s u m + eqrt ( ( xo (j) - xo( j - 1)) ••2 + ( y o ( j ) - y o (j - 1)) ••2 + 
S (zo( j ) - z o ( j - 1 ) )••2) 

e nd if 
continu e 
d i e t = s um 

r e turn 
end 

C~~~ VNEWL N. FOR 
c ••••• • ••• • •••••• • •• • ••••••••••• • •••• ••••• •••••••••••• • •• ••• •••••••••••••• 

e ubro u t i ne v n ewl n (l ine, num, loop) 
C•••·••••••••••••••••••••••••••••••••••••••••••••• ••••••• • •••••••••••••••• 

PROCRAW : VNEWLN. FOR 
c 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: s to r e t h e o l d line i n t o t wo ne w loop line• a t e ubd i v i e ion nod e 

WRITTEN BY: SSUTA HSU 
!.IODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . 6 , 1Q88 
DATE • 

C•••••• • ••• • • • •• • •• • •••····•·•••••••••••• • •••••••• • •••·••• • ••••••••• • ••••• 
c 
C ALCORITH~ EXPLANATION : 
c 
c• •• •••••·• • • •••••• • • • • •• • • •••• • •••• •• ••••••••••••••••• • ••••••• • •••• • • • ••• 
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c 
c c a lled by: 
c xmeeh.!or 
c ymeab . !or 
c zmeah.!or 
c 

x - direction mesher 
y - direction mesher 
z - direction meeher 

c •••••••••••••• • • •• ••••••••• •••••••• ••••••• ••••••••••• •••••• •••••••• •••••• 
includ e 'p a r a . inc' 
dimena ion coord(4 , maxnod),node(maxaid,l2,max loop), mt emp(maxa i d) 
common f a uto/coo r d,node ,laat ,unit 

c 

10 
c 

do 10 i: l,node(l,line,loop) 
mtemp(i) node (i-l,line, l oop) 

continue 

c .. ato re data into new loop on e 
c 

node(l,line,loop) = node(l,lin e ,loop) - num• l 
do 20 i = l,node (l,line, loop) 

n ode (i+ l, line, loop) = mt emp (i+num- 1) 
20 continue 
c 
c .. store d a t a into new loop two 
c 

30 
c 

loop2 = loop + 1 
node( l ,l in ~.loop2) = num 
do 30 i ' , num 

node ; , line,loop2) = mtemp( i) 
continue 

return 
end 

Ct-:A.\CE V:'--'EW~D. POR 
c········ ·· · ···· · · · · ················ ······· · ··················· · · ·· · · · ·· ·· 

subroutin e vnewnd (linel,line2 ,nnodl,n nod2,l oop) 
C·· ·· · ··· · ·· ·••••••• ••••••· · · ·· ··•·•••·· ······-··••• ••• •••••••· · ·········· 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: V~'EWND . POR 

PURPOSE: find the new nodes f o r the spli t li, e 

~~ITTE~ BY: SSUTA HS~ 
)&ODIPIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE: OCT . 6 , 1Q88 
DATE: 

C••••• • •••••••••• ••• • • •••····•· •• ·••••··· ··••• - ••••••••••••••···•••••••••• 
c 
C ALCOR ITHW EXPLANATION: CHECK THE EXISTENCE OP THE OLD LI~'E IF NOT EXIST 
C THEK ADD NEW NODE TO THAT LI~'E , OTHERWISE COPY THE OLD LINE NODES 
c 
c ••••• •• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c called: 
c g ~side . !or g et o~her pai r of line• in a •ur!ace 

find the new nodes c fne.,..nd. for 
c 
c •••••••• • •••••••••••••••••••••••••••••·····••• • •••••••• • •••• *•••••••••••• 
c 
c called by : 
c xme•h . f or x - directioo meeher 

y - di rection mesher 
z - direction meeher 

c ymesh.for 
c zmeab . ! or 
c 
c• •••••••••••••••• • • ••••••••••••• • • •••••••·•••••••• •• •••• • • • •• •••• ••• •• • •• 

c 

include ' para .inc' 
dimena ion coord(4 , max nod),node (ma x a id,l 2 , max loop) 
logica l oline 
common / a uto/coord,nod e ,laat,unit 
commonfoldln/nnum (20,max•id•8),lold(max•id•8) , n a ll 

if(line2 .lt.linel)then 
mbeg line2 
nex t linel 
numl nnod2 
num2 nnodl 

e l• e 
mbeg 
n ex t 
numl 
num2 

linel 
line2 
nnod l 
nnod2 
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end if 
c 
c f ind th e lines o n both s ides 
c: 

call g tside ( mbeg,next,left,nr it) 
c 
c find the require nodes in the new line and ad jus t the next l ine num 
c: to fit them in to even number. 
c: 

call fnewnd ( mbeg,next, numl,num2,left,loop,nnod,oline ,nold) 
c 
c ... store old le f t line into new left line loop two 
c: 

k=last 
numrit z node ( l,nrit, loop) 
numl ft • nod e (l,left,loop) 
loop2 • loop ... 1 
do 30 i a l ,numlft+l 

node(i,left,loop2) = node(i ,left,loop) 
30 continue 
c 
c store split line into right line of loop two 
c 

if (oline) then 
nnod = lold(nold) 
nodo(l,nr it ,loop2) = nnod 
do 31 i = l, nnod 

node(i+1,nrit,loop2) = nnum(i , nold) 
31 continue 

l ast • k 
else 

node(l,nrit,loop2) nnod 
node(2,nrit,loop2) node(numl•1,mbeg,loop) 
do 4 0 i = 2 ,nnod - 1 

node(i+l,nrit,loop2) k•i - 1 
40 continue 

c 

node(nnod-1,nrit,loop2) ~ode(num2•1 ,next, loop) 
last ~ k + nnod - 2 

end if 

c ... store split line into left line of loop one 
c• no need to store the old right line(it doesn't c hange loop number) 
c 

do 50 i c l,nnod~ l 
node (i,l eft,loop) = node(i ,nrit,loop2) 

60 continue 
c 
c if the old line was f ound then de l e t e that line to eave s pace 
c 

if(oline)then 
d o 80 i • nold,nall-1 

lold(i) = lold(i+l) 
do QO j = 1,lol d ( i) 

nnum(j,i) = nnum(j,i-1) 
QO continue 
80 continue 

nall • nall - 1 
c 
c if this was a new line th en store for old line reference check 
c 
c: if(linel.ne.l . a nd. linel.ne .o . and. linel. n e . Q . and . 
c: S line2 . ne.l .and. line2.ne . 6 . a nd. line2 .ne . 9 )then 

e l se 
oall • nall + 1 
do 61 i a 1, nnod 

onum(i,nall) = node(i+1,left,loop) 
61 continue 

c 

lold(nall) = nnod 
end if 

c ... plot the new spliting line •••• remove it after done 
c 
c 
c 
c 
c: 
c 
c 
c: 
c 

xl coord(l,node(2,nrit,loop2)) 
yl coord(2,node(2 ,nrit, loop2)) 
zl coord(3,nod e (2,nri t ,loop2 )) 
do 60 i = 2,nnod 

x2 coord(l,node (i+l,orit,loop2)) 
y2 coord(2, node(i• l ,nrit,loop2)) 
z2 coord(3 ,node(i•l,nrit,loop2)) 
call pipe (xl,yl,zl,x2,y2,z2) 
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c 
c 
c 

circ(x2 , y2 , z2,0 . 6 , 4 } 
x2 
y2 

c 
c60 
c 

c all 
x1 
y1 = 
zl = 

con t i nue 
z2 

return 
end 

CNAJ,(E YNEXT1. FOR 
c ••• •• •• • •••• ••• • •••••• •• •••• •• •• •• ••••••••••••••••••• ••••••••••• • • ••••• •• 

e ubrouti ne vnext1(loop,line1 ,line2,num1 , num2 ,found) 
C•••••••••••••••• • •• • •••• • ••• •••••••••••• • ••••••••••••••••••••••••• • ••••• • 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : VNEXTl.FOR 

P URP OSE : get the prev ioue defi n e d line to be the e t a rting line ! o r next 
volume e ubd ivieion procese 

WRITTEK BY: SSUTA HSU 
WODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE : OCT . 8 , 1988 
DATE: 

C··· • ·· · ······••••• ••·· ····· · ·········••·•• •· · ·· · ··· ·• •••••••••••• • ••• •••• 
c 
C ALGORITHM EXPLANATION : 
c 
c ••• • ••••••• ••• ••• •• • • •• ••••• •• •• ••••• • • •• • ·• ·••••••• • ••••••••••••••••• 
c 
c c a lled : cho lin.for -- che ck a ll the possibl e old lines 
c 
c •••••••••• • •• ••• • •• • ••• •• • • • • • ••• • ••• ·········•• • •····• •••• ••••••• •••• 
c 
c c a ll ed by: vg tnod. ! or -- find the beet node for e plit line 
c 
c •• ••• • •••••~••• •• •••••••••••••• • • •••· •••••• • · · ••••·• • • •• •~ • • •••••••••• 

c 

include 'p~ra .inc ' 
dimension coor ( -4 , ma.xnod) , node (maxsi d, l · , max loop) 
commoo/auto/coor,nod e ,l as t,un ~t 
common/ o l dln/nnum( 20 ,maxsid · 8 ) ,lold(ma~ id - e ),nall 
log ical found 

f ound = .false . 
nod 1 = node(num1 • l,line1, loop) 
do 30 n = 3, node(1,line2, loop) 

nod2 = node(n,line2, loop) 
j = 1 
do whil e (j. l e . n a ll . a n d . . not. f ou 1d ) 

if( ( nod 1 . eq.nnum(l, j ) .and.nod2 . eq.nnum(lold(j),j)) .or. 
S (nod2. eq .nnum (1,j). and.nodl.~q.nnum (l old( j ), j )))~hen 

num2 = n - 1 
f ound • .true. 
return 

end if 
j "' j • 1 

c che c k fo r partial l ine c ase 

30 
c 

call cholin(nod1,nod2, focnd,nold) 
if(fou nd )then 

n um2 o n - 1 
re turn 

end i f 
e nd d o 

continue 

c if e till not found then r echeck a ll th e nod es one by one, however thie will 
c reee t the nodel (i e . numl } 
c 

do 20 i = 3,node ( l, linel,loop} 
nodl = node (i,linel ,loop) 
do 10 n • 3 ,node ( l ,line~ , l oop} 

nod~ = node ( n,line2 ,loop ) 
j = 1 
do wh i le (j . l e .na ll . a n d .. not. f ound ) 

if((nodl . eq . nnum ( 1 ,j) .and.nod2.eq.nnum (lold(j) ,j)) .or . 
I (nod2 . eq .nnum(1,j) . and. nodl. e q .nnum(lold ( j),j)) )then 

OUIIIl :: i - 1 

nu1112 • n - 1 
f ound ... true. 
retu rn 

e nd i f 
j = j + 1 
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10 
20 

end do 
c a ll chol i n(nod l ,nod2,found,nold) 

i!(found)then 
num1 = i - 1 
num2 = n - 1 
return 

e nd if 
continue 

continue 
re turn 
end 

CNAWE VSTORE.FOR 
c •• ••••• ••••••• ••• •••••••• •••••• •• ••• ••••• • • • •••• • ••••••• ••••·•••••••••••• 

• ubroutine ve tore (loop ) 
C ••••••• ••••• ••• • • ••••••••••• • •• •••• ·••••• ••• •• ••••• ••••••·• •• •· • •••••· • · • 
c 
c PROCRAW : VSTORE.FOR 
c 
c PURPOSE: STORE THE 
c 
c WRITTEN BY : SSUTA 
c loo! ODIFIED BY : 
c 

NODAL !'(U}.{BER FOR 

BSU CHECKED 
CHECKED 

PLOT 

BY : 
BY : 

DATE : OCT. 6 , 1g88 
DATE : 

C •• ••••••• •• •· ·· • ····· ••• • •••••• ••• • ••• ••••••••• ••••••••• •• •••••••••• ••••• 
c 
C ALGORITHM EXPLANATION: store the node number f o r draw polygene by 
C counte r c l ockw i se order 
c 
e ••••••••••••••·•· ··· · • ••••••••••• ••••••••••••••••••••••••••••·••••••••••• 
c 
c c a lled by: vmesh.for - - volume mesh controle r 
c 
c •••··••••••••• • • ••••• •• •• • • • •••• • • • ••••••••• ··••••••••••••••••••• •••••• •• 

$ 

c 

20 

3 0 

c 

includ e 'pa r a .inc' 
dimension x ( O :maxdeg ,max id) , y(O:maxdeg 

z ( O :maxdeg,maxid),ideg (max id 
common / dat a / x , y,z, ideg 

maxid), 
, i surf(4 1 6} 

dimension coor(4 ,maxnod) , node(maxeid,l ~ 
c o mmon/ a uto/ coor,node,last,unit 
c o mmon/ fin / ncon(O:IO,maxid) 

. max loop) 

d ata i s ur f / 1 , 6 , 2 ,5 , g,3,10,1 , 10, 8 ,12 ,6 2,12,4,11 , 
5,11,7,9, 7,4 ,8, 3/ 

if(id. g t. maxid)then 
write( • , • ) 'ERROR - - I ncreaae (maxid> to larger than ',id 
r e turn 

end if 
do 10 k = 1 ,6 

num = - 1 
id=id+l 
do 20 1 = 1,2 
do 20 i = 1 ,node (1,isurf (l,k),loop)- 1 

num=num.,..l 
ncon(num,id) = node(i+l,isurf(l,k},loop) 

continue 
do 30 1 = 3,4 
do 30 i = node(l,ieurf(l,k),loop) ,2,-1 

num=num+1 
ncon(num,id) = node(i+l ,ie urf (l, k ) ,loop) 

conti n ue 
ideg (id) = num 

c •tore th e coordinate into common block for drawing 
c 

4 0 
10 
c 

d o 40 i = O,ideg (id) 
x (i ,id}=coor(1,ncon(i,id)) 
y (i ,id)=coor(2,ncon(i,id)) 
e(i,id)=coor(3,ncon(i,id)) 

continue 
continu e 

return 
end 

CNAME WRTMOV . FOR 
c ••••••••••••••••••••••••••·••·•··•·••••••••••••••••••••••••••••••••••• 

eubroutine wrtmov (cn ame} 
c• ••··••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
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PROCRAW : WRTWOV . FOR 

PURPOSE : WRITE THE WOVIE SuRFACE OEOMETRY FILE 

c 
c 
c 
c 
c 
c 
c 

WRITTEN BY : SSUTA BSU 
~ODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . &, 1gss 
DATE : 

C•••••••••••• • ••• • ••••• •••• • •••••• ·••••• ••••••••••• • ••••••••••••••••• •• ••• 
c 
C ALCORITHW EXPLANATION : 
c 
c•••••••••••••••••••••••••••••••••••••••••••·••••••••••••••••••••••••••••• 
c 
c c a lled by: vmeah .for -- volume mesh con~roler 
c 
c ••• • • •• ••••••• ••••• •••• • • • •·•••••••• •• •••• •• •• • ••••• •••• •••• • •• • • •• • ••• •• 

c 

c 

include 'para.inc ' 
commo n / a uto/coor,node,las t,unit 
common/ f in/ncon (O: lO,maxid) 
common / bsur/is urf,icont 
dimension coor(4 ,maxnod),node (maxs i d,l2,maxloop),jp{4•max i d) 

S , i s u rf (maxid/ 4 ) 
character cname• ( • ) 

wr ite ( • , • )' Write movie geome try su r face fi l e. 
imov = 14 
open (imov , f il e =cname//'. geo' , e t a tus = 'new ') 

c check to see i f the node was in bou nd ary surface or not 
c 

20 

10 

c 

np = 1 
ic = 0 
do 10 i d • l,icont 

if(ncon(O,i d ) . g t.O)then 
do 2 0 k = 0 , 3 

ic = ic• l 
jp{ic) • ncon(k,isurf(id)) 
i f ( mod( ic , 4 ).eq .O)jp( ic) = · j p( ic) 

cont i nue 
end if 

c ontinu e 
nedge = i c 
nj = l a.s t 
npt = icont 

c write movie poly g on file 
c 

c 

wr ite(imov,l60) 
wri t e (i mov, 160 ) 
wr ite ( imov , 180) 
write ( imov, 160) 

160 format ( lOi 8 ) 
180 format ( lp8el2.6) 
c 

return 
e nd 

CNAME ~~TNAV . FOR 

np, nj,npt,nedge 
np,npt 
((coor (i, j ),i= l , 3),j•l,nj ) 
(jp(i),i=l ,nedge ) 

c• ••••••·•·••••••• • •••••••••••••••• • ••• ••• • • • • •• •• ••••••••••• •• •• •• ••••••• 
s ubroutine wrtna v( cname ) 

C•••• •• •••• •• ••••• • ••••••• • •••••••••••••••• ••••• •••••••••••••• • • •• •••• • ••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : WRTNAV . FOR 

Pl:RPOSE : write out the 

WRITTEN BY : SSUTA BSU 
l.IODTFIED BY: 

movie and navgraph s olid geometry fi l ee 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . &, 
DATE: 

}g88 

C•••••••••••••••••••••••••••••••••••••••••••••••••• •••• • •••••••••••••••••• 
c 
C ALCORITHl.l EXP~ANATION : 
c 
c ••••• • •••• • •••••••••••••• • •••••••••••••• • ••••••••••••••••••••••• • •••••••• 
c 
c. c alled by • 
c vmeeh . for ·- v olume meehing controler 
c 
c •• • ••• •••••••••••••••••••••••••••• ••• •••••••••••••••••••••••••••••••••••• 

include 'para.inc' 



c 

c 

d i men•ion jp(• • maxid),invc(4) 
d imen•ion coor(4,maxnod),node(max•id ,12,maxloop) 
characcer cname• ( • ) 
common/ auto/coor,node,laet,unit 
common/ fin / ncon(0:10,maxid) 
data invt/0, 3,2,1/ 

write( • , • )' Write WOVIESTAR eol id CADOS file' 
imov = 15 
inav = 16 
open(imov,file=cnaae//'. mov',•tatu•='new ') 
open(inav,file=cname//'.nav' , • t a tu•=' new') 

np .. 1 
nj • la•t 
do 10 id = 1,maxid 

if(ncon(O,i d ) .le.O)then 
npt = id-1 
g o to 20 

end if 
10 continue 
20 continue 

ic • 0 
do 30 id = 1,npt 

it(mod(id,6) . eq . l)then 
do.40 j. = 0,3 

lC = lC~l 
jp(ic) = ncon(j,id) 

40 continue 
e l ee it(mod(id,6) .eq. O)then 

do 50 j ,. 0 , 3 
ic = ic + 1 
jp(ic) = ncon(invt(j+1),id) 

50 continue 
end if 

30 continue 

c 

nedge = ic 
npt = npt/ 6 

c wr i t e movie solid element file 
c 

c 

wr ite(imov, 160) 
write(imov,l50) 
wr ite(imov,160) 
wr ite(imov,160) 

-np,nj,npt,nedge 
np,npt 
((coor(i,j),i=l, 3},j=l . nj) 
(jp(i),i=1,nedge) 

c wr it e navgraph neutra l file 
c 

ntrnua~ 0 
nmpnum 1 
ngpnum 0 
do 60 j = l,nj 

write(inav,180)j,ntrnum,(coor(i,j),i~t,3),conat 
60 continu e 

ibeg'"l 
do 70 j = l,npt 

iend = ibeg+7 
write(inav 1 190)j,na~pnum,ngpnum,(jp(i) ,iaibeg,iend) 
ibeg = iend+l 

70 contin~ e 
c 
160 form a t(lOi8 ) 
160 format(lp6e12.6) 
180 format('NODE, ',2(15, ', ') ,3(Gl4 .7 , ', ') ,Gl •. 7, '; ') 
190 format( ' ELEW, ',IS, • ,LSD,' ,I5,', ',IS,S(', ',IS),';') 
c 

return 
end 
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··························-····· ········· The following filee are f or the • 
uee of free-form deformation 

···························--······· ····· 
CNAME ALLOEF.FOR 
c •• ·•••• ••• • ••• ••• •• • •••• • • •••• • • •••••••• • • ••••• •••••• ••••• ••• •••••• •••••• 

eubrouti ne a lldef 
c- -· ················· ·····················-·· ····························· c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : ALLDEF.FOR 

PURPOSE: DEFORMATION PROCESSOR 

WRITTEN BY: SSUTA HSU 
WODIFIED BY: 

CHECKED BY: 
CHECKED BY : 

DATE: OCT . 6, 1088 
DATE: 

C•••••••••••••••••••••••••••• • •••••••••••••• • • •••• ·••••••• • • •••••••••••••• 
c 
C ALGORITHM EXPLANATION: c a ll ' def orm' to perform the deforma tion 
c 
c• •• • •••• • ••••••••••••• ••••••• ••• · • ••••• • •••• •• •••• •••••• • ••••·• •• ••••••• • 
c 
c called: deform.for -- de f orm the node• 
c 
c•••• • •••~*•••••••••• ••• •••••• ••• ••• *••• ••••••••~• ••• • • •••••••••• •• •• ••••• 

c 
c c a lled by: vmesh .fo r -- volume mesher 
c 
c• ······-·····-w••·······-· · ··-·········-···-w•···············-·-········· 

includ e 'p~r~ .inc ' 
dimension x (O:maxdeg,maxid),y(O:maxdeg ,maxid), 

$ z(O :maxdeg,maxid),ideg ( maxid) 
common/data/ x,y,z,ideg 

c deformed all the data 
c 

write (•, • )' Freefo rm deformation runnin3, p l ease wait ... ' 
id ; 1 

20 

do whi l e (ideg (id) . gt . O) 
do 20 i "' O,ideg(id) 

xi x (i,id ) 
yi = y (i,id) 
z i "' z(i,id) 
call deform(xi,yi,zi ,xo,yo,zo) 
x(i,id) xo 
y(i,id) yo 
z (i,id) zo 

co ntinue 
id ; id .. 1 

e nd do 

return 
end 

CNAME FFDEFO.FOR 
c•••••••· · ··••••••• ~ · • • « •••••••••••••••• • •••••• • ••••••• •• ••••••••••••• ••• • 

e ubrout ine ffdefo 
C·•••• ••••••• ••••••• •• ••••••••••••••••••••• ••• •••••••• • •• •• •••••• •• • •• •• •• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : FFDEFO.FOR 

P URPOSE : OEFOR~TION PROCESSOR 

WRITTEN BY: SSUTA HSU 
WODIFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE: OCT. 6, 1088 
DATE: 

C•••••••••••••••••••••••••••••••••• • ••••••••• • •••• • •••••••• • ••• • •••••••••• 
c 
C ALGORITHW EXPLANATION: c all 'deform' to pe r f orm the d e formation 

c••• • • ••••• • ••••••••••••••• ••• •• •••• •••••••••• • • • •••• • • • ••• • • • ••••• • •••• •• 
c 
c called: d e form.for -- deform the nodee 
c 
c• ••••••••••• ••••••••••••••••••••••••••••••• • ••••••••·• • ••••••• ••••••••••• 
c 
c called by: vmeeh.for -- volume mee~er 
c 
c ••• • •• •• •••• • •••••• •••••••••• ••••••• ••• •••••••••••••••••••••••••••••••• •• 

includ~ 'p•ra .inc ' 
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c 

dime ns ion xx{O:maxdeg,maxid) ,yy {O:maxdeg,maxid), 
I zz{O:maxdeg,maxid),ideg(max id) 

commonjdata/xx,yy,zz,ideg 
dime nsion coor{4 ,maxnod),node(maxsid, l2,max l oop) 
common/ auto/ coor,nod e ,laet ,uni t 
c ommon / fin/ ncon(O : lO,max i d) 

c deformed after meehing the cube eurfac ee 
c 
c write ( • , • ) • Freeform d efo rmation running, p leas e wai t. 

do 10 j l , last 

10 
c 

xi coor ( 1 , j) 
yi coor (2,j) 
zi coor ( 3 , j ) 
c al l deform(xi,yi,zi , xo ,yo, zo) 
coor(l,j) xo 
coor (2,j) yo 
coor ( 3,j) z o 

cont inue 

c store the coord inate into common block for drawing 
c 

20 

c 

id = 1 
do while (ideg(i d ) .ne . O) 

do 20 i = O,ideg{id) 
xx(i,id) =coor(l,ncon(i, i d)) 
yy ( i,id) =coor (2, nco n (i,id)) 
zz (i,id) =coor (3, ncon(i,id)) 

continue 
i d = id+l 

e nd do 

return 
end 

CNAME FFEDIT . FOR 
C•••••••· ··· ·· •••••••••••••••• •• ···-·· ····~··••·• •• ••• • •·•······••• * •••••• 

c 

c 

s ubroutine ffedit 

common/defor/xmin,ymin,zmin,Kmax,ymax,zm ~x,l , m,n 
commo njd e lta/dxyz ( 400) 

cal l editff(dxyz, l,m,n) 

retur n 
end 

C•••• • •• • • •••••••• ••• ••· • ••••••• ••••• • •••••••••·•••••• • •••••·••••••••••• •• 
subrout ine editff(dxyz,l,m,n) 

c •••••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~•·••• 

dime nsio n d xyz ( 4, 0:l,O:m,O:n) 
c 

write(•,100)l,m,n 
wri te( •,• )' Enter con trol po~nt location number (I ,J, K)' 
read ( • , • ) i , j,k 
write ( • , l0l ) dxyz ( l,i,j,k), dxyz {2,i,j ,k) ,dxyz (3,i,j , k),dxyz ( 4 ,i ,j ,k) 
wr ite( •,•)' Enter new value (X,Y, Z,W) ' 
read {• ,•)dxyz(l,i,j,k) ,dxyz(2, i,j ,k),dxyz(3, i ,j,k),dxyz(4 ,i,j, k ) 

c 
100 
101 
c 

forma t(l x , 'Control poi nt d i mens i on I =',i3 , 'J =', i 3, ' K = ' , i 3 ) 
format(lx,'Current control point val ue i s ( ', 4(f6 . 2,lx),')') 

return 
end 

CNAME FRFOR~ . FOR 
c •••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••-••• 

eubroutine frform( cn ame ,ierr) 
C•••••••••••••••••• • •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAW : FRFOR~.FOR 

PURPOSE : e tore data fo r free form deformation. 

WRITTEN BY : SSUTA HSU 
MODIFIED BY: 

CHECKED BY : 
CHECKED BY: 

DATE : OCT . 6 , 1988 
DATE : 

C•••• •••••••••••••••••••• •••••• • •• • • ••• ••• ••••••• • ••• ••• • • • •••• •• ••·•••••• 
c 
C ALGORITHM EXPLANATION: 
c 
c ••• • ••• • • •• ••••••••••*•• •••• •• •••••••••• • • •••• • ••••••• ••••••••••••••••••• 
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c 
c called: ffread . for -- readin the deformation data 
c 
c • ••• ••••••••• •••••••••••••• •••• ••••••• • •••• • • ••••• • •• • *•••·• • •••••••••••• 
c 
c called by: gtsoli.for -- solid mesh procesor 
c 
c•• •••••••••••••••••• • • ••••••*•••••••• • ••• • •• • ••••••••• •• •• ••••••••••••••• 

common/defor/xmin, ymin,zm in,xmax,yma x,zmax, l,m,n 
common/delta/dxyz 
dimens ion dxyz(400) 
character cname•(•) 
ierr = 0 

c 
c read in th e deformation control pointe data 
c 

open(2,!ile= cname / /'.ffd ',•ta tue= 'old' ,err=10) 
read (2, • ) xmin,ymin,zmin,xmax,ymax,zmax,l,m,n 
kall = 4• (1+1) • (m+1) • (n+1 ) 
if(ka ll .gt . 400)then 

write(•, • ) ' ... Error in FRFORM increase dxyz() to',kall 
s top 

10 
11 
c 

end if 
call ffread(l,m,n,dxyz) 

go to 11 
ierr=l 
close(2) 

c perform free form de f ormation to all the nodes for further process i ng 
c 
c 
c 

call f !defo 

-ret u rn 
end 

CNA.\LE FFREAD . FOR 
c••··· ~ · ~•·• ••••••• ••• • • • •••• •• • ••••••••••••••••••••• ••* ••• • • ••• •·• ••• • • •• 

subrout i ne ffread ( l, m,n,d) 
C«• •••··· • ··· ·····••••••••• •••·• ·· ··· · · ·~ ·-· ·• · ··· ········· · ····• • • • ••• • •• c 
c 
c 
c 
c 
c 
c 
c 

PROGRA.~: FRFORM . FOR 

PURPOSE: read in data for free form deformation. 

WRITTEN BY : SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY : 

DATE : OCT. &, lQ88 
DATE : 

c----······ ··· · · ··············· · ····· · ···· ····-· · · ····· · ··- ············ ··· c 
C ALGORITHM EXPLANATION: 
c 
c • • •••••••••••••••••••••••••••• •••••••••••••••• • •••••••••••••••••••••••••• 
c 
c c a lled: none 
c 
c•• •• • ••••••• •• •••••••••••••••••• ••••+••••••-• •• ••••••••• ••••• •• •••••••••• 
c 
c c al le d by: fr!orm.for -- deformation processor 
c 
c• · • ··~·· ·• ·•••••••• •• •••••••• • ••••••••••••• • ••••••••• ••••••• • •••• •••• ••• • 

c 

10 
c 

s 

dimension d(4,0:l,O:m ,O :n) 

do 10 k 
do 10 j 

rea d 

conti n ue 

return 
e nd 

O,n 
O , m 

{2, . ) (d (1, i, j , k) • d {2. i. j , k ) • d ( 3. i , j. k ) , 
d(4,i,j,k),i=O,l) 

CNAME NODEFO . FOR 
c•• •••• • • • •••••••• ••• ••••••••••••••••••••• •••• •••••••••••••••••••••••••••• 

s ubroutine node!o 
C•• •••••• •• •••••••• •• ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c 
c 
c 
c 
c 

PROGRAM : FRFORW .FO R 

PURPOSE: deleted data of fr e e-form deformation. 

WRITTEN BY: SSUTA HSU CHECKED BY : DATE : OCT. &, 1Q88 

126 



c 
c 

MODIFIED BY: CHECKED BY: DATE: 

C•••••• •·• •• ••• ••• •••••••• ••••••• ••••••• • •••••···•· • --·····••••••••• •• •••• 
c 
C ALGORI THM EXPLANATION : 
c 
c• • •••• • •••• • •••••• ••••• • •• ••••••••• • •••••• ••••• ••• •• • ••••• •••••• ••• • • •• •• 

c called: none 
c 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
c cal l ed by : main.!or -- user '• in terface 
c 
c ••••• ••••••• • ••••••••••••••••••• ••••••• • ••••••••• • ••••••• •• ••••••• • •* ••• • 

common/defor/xmin,ymin ,zmin 1 xmax,ymax,zmax, l,m, n 
xmin 0.0 
xmax 0.0 
ymin 0.0 
ymax 0.0 

c 
c deform a ll th e nodes i o r fu rther p rocess ing 

c al l ffdefo 

return 
end 

CNA.\ffi PDEF. FOR 

subro utin e pd ef 
C•••·-···········-·•·········•••• •• • ••• •••• ••••• •• • • • ····•• • ••••• • •••• ··•• 
c 
C PROGRAM: PDEF.FOR 
c 
C PURPOSE: p l ot t he fr ee f o rm deformation control poi nte 
c 
c 
C WRITT~N BY : SSUTA HSU 
C MODIFIED BY: 
c 

CHECKED BY: 
CHECKED BY: 

DATE : OCT . 6, 1988 
DATE: 

C•• •••••••••••******************** ** •** * *** ** * * ~ v• •••***** *************••• 
c 
C ALGORI THM EXPLANATION: 
c 
c ••••·••••••••••••••••••••• • ••••••••••••••••••· • •••••••••••••••••••••••••• 
c 
c cal l ed: none 
c 
c •• •••••• ••• • ••• •••••• • ••*••• ••••••••••••••• • •••••••••••••••••• ••••••• ••• • 
c 
c cal led by : de f orm.for -- d eforma tion proces•or 
c 
c ••·· ·· ····- ·· ••••• ••• • • •• • ••••••• • ••••••• ••••• • •••••••••••• ••••••• • •••••• 

commonjdeforjxmin,ymin,zm i n,x~ax,ymax,zmax,l , m,n 
common/d e lta/dxyz 
dimen•ion dxyz(400) 

c 
c a ll pdefom(l, m,n,dxyz,xmin,ymin, zmin,xmax , ymax,zmax) 

c 
return 
e nd 

CNA.~ PDEFO~.FOR 
c • • • • •••••••••••••••••••• • •••••••••••••••••••••••••••••••••••••••••••••••• 

subrouti ne pdefom(l,m, n ,d,xmin ,ymin ,zmin,xmax , ymax,zmax) 
C•••••••••• • •••••••••••••••• ••• •••••••••••••••••••••••• •• ••••• ••••• • •••••• 

PROGRAW : PDEFOW . FOR 
c 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: c a lcul a te the free form deformation control pointe convex hull 

WRITTEN BY: SSUTA BSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE: OCT. 8, 1988 
DATE : 

C •••• •• •·•••• • ••••••• • •••••••* •• • • •• ••• •••••••••••••• ••• •·•••••••••••••••• 
c 
C ALGORITH~ EXPLANATION: 
c 
c •••••·•••••••• •• ••••••••••••••••••••• • ••••••••••••• • ••••• • •·••••••••••••• 
c 
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e. 
e. 
e. 

called : circ. f o r 
pi pe .for 

d raw control point 
dra w conv e x ~ull 

c • •• •••••• •• •• • ••••• ••••••• • •• • • • • •••• • • • • •••• • •••• • •• • • • ••• • ••• • • • • • •• • •$ 
e. 
e. c a lled b y : ma in.for -- user ' s i n t er f a c e 
e. 
c • • • • • ••• ••• ••••• •••• ••• •••• ••••• •••• • ••••• • • • • • ••••••••• • •• • ••••• • ••• • ••• 

common/wi ndo w/ wx min, wymin, wzm i n , wx max, wymax , wz max 
commo n j vport/vxmi n,vymin,vzmi n , vxmax ,vymax,vz max 
d i mene ion d(4 , 0 : l,O:m , O : n),xc{0 : 200), yc (0:200),zc (0:200) 

e. f or c ontr a l poi n t circle 
c 

30 

4 0 

50 

r=o.O• ( wxmax - wxmin)/(vx max - vxmin) 
xdi ff =(xmax-xmin) 
ydiff={yma x - ymi n ) 
zdi f f=( zmax - z mi n ) 
i f (xd i f f.ne.O.O . a nd. yd i ff . ne. O . a nd. zdi ff .ne . O)the n 

do 30 k=O,n 
do 3 0 j =O, m 

do 30 i=O,l 
ij k = i ~ j• ( l+l ) + k• ( m+l) • ( l +l) 
x c(ij k ) {xmin + i• (xdiH)/l + d(l ,i ,j, k )) 
y c ( ij k ) ( y min + j • ( yd i ff )/m + d (2,i , j, k ) ) 
zc(ij k) ( zmin + k • ( zdif f )/ n + d ( 3 , i , j ,k) ) 
c&ll circ(xc(ijk ) , yc (ijk) ,zc(ij k ) ,r , 5) 
if(i.gt. O)ca ll p ipe{xc(i jk- l),yc(ijk-l ) ,zc(ij k - 1), 

S xc(ijk),yc(ij k ) ,zc (ij k )) 

$ 

$ 

continue 
do 4 0 k : O,n 

do 4 0 j=l,m 
do 40 i =O,l 

ijk = i + j • (l+l) + k · {mtl) • (l+l) 
lott = i + (j - 1) • (l.o. l ) + k • (m+l) • (1+1) 
c &ll pipe{xc(l s t) ,yc(lat) ,zc(lat), 

xc (ijk) , yc(ijk), zc(ij k)) 
continue 

do 50 k = l , n 
do 50 j =O, m 

d o 50 i =O,l 
ijk = i + j • (l +l) + ~- ( m+ l ) • (l+ l ) 
l et= i + j• ( l +l) + ( k -l) • (m+l) • ( l+ l ) 
c a ll pipe (xc (lst ) , yc(le t), z c(lst), 

continu e 
e nd if 

r e turn 
e nd 

x c( i j k), yc(ijk), z c{ij k)) 

c •• • • • •••••••••••••• •• • •• •• ••• • • ••••-•••• • ••••••• • •••• • ••••••••• 
s ubroutine deform{x,y,z , x d u,ydu, zdu) 

c ••• • ·•••• • • •• • •• •• •• ••• • ••• •· • • •• •• • • • • • ••• • •• • ••••• •• ••••• •••• 
c 
e. th i s subrout ine c a lculate t he f ree f orm d e forma tion . 
c 
c •• • • ••••• • ••• •••••••• • • • •••*•••••• • ••••• • ••••••••••• •••• ••• • • •• 
C • ••••• ••• •••• ••••••••••• ••••• •• • • • • ~ •••• • • ••• • • •• • • •••• • • • • • •• •• •••• • • • • • 
c 
c 
c 
c 
c 
c 
c 
c 

PRO GRAU : FRFORW . FOR 

PURP OSE : c a lcul a t e th e f r e e f orm d e form a tion. 

WRI TTEN BY : SSUTA HSU 
WODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE: OCT . 6, 1Q88 
DATE : 

C• • •••••••••••••••• •• • • • •• • • •• • ••••••• • ••• •• ••••••• • ••• • ••••••••••••• • •••• 
c 
C ALGORITHW EXPLANATION: per for m fre e - f o rm d e format ion by Caete lj a u 
e. a lgori t hm 
c 
c • • • • • •• • • ••••••••• •• • ••• • ••••• •••••• • •• • • •• •• • ••••• •• • • • • ••••• • •••• •• • • •• 
c 
e. cal l e d : none 
e. 
c •• • • ••• • • •• • ••• • • •• • ••• • •• ••••• • • •• • •• • ••• •• • ••••••••••••••••• • • •• •• •••• • 
e. 
e. c a lled by: deform.fo r -- deformation proceseor 
e. 
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c •••••• • •• •••• •• • ••••••••··••••• •• • •• • • •• • ••••••• • • •• •••••• ••• • ••••••••••• 

c 

c 

commonf delorf xmin,ymin,zmin , xmax,yma.x,zmax,l,m,n 
common/ delta / dxy z 
dimen•ion dxyz(400) 

call exdelm (x,y,z,xdu, ydu,zdu,xmin ,ymin,zmin, 
S xmax,yma.x,zmax,l,m,n,dxyz) 

r e turn 
end 

CNAME EXDEFM.FOR 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•ubroutine exdefm(x,y,z,xdu,ydu,zdu,xmin,ymin,zmin, 
I xmax,ymax,zmax,l,m,n,d) 

C•••••• • •••••• ••••• • ••• •• •• ••••••••••••• ••• •••••• • •••••••••••••••••••··••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: FRFORW . FOR 

PURPOSE : calcula te the lree lorm deformation. 

WRITTE~ BY: SSUTA HSU 
MODIFIED BY: 

CHECKED BY: 
CHECKED BY t 

DATE : OCT. 6, 1988 
DATE: 

C• ••• • •••• ••*•••• •• • • ••~•·•·•••••••••••••••• • ••• •• •••• ••••••• • •••••••••••• 
c 
C ALGORITHM EXPLANATION: perform free - form deformation by Casteljau 
c algor ithm 
c 
C ••••••••••• •••••••••••••••••• • ••*••••••••••••••• ••« •w••••M*************** 
c 
c called: no ne 
c 
c·····-·· •••••• ·· ·· · ·~·- - ··• ···· • ··•••••••••·•·••••••••• •• • • • •• • •••••• •• •• 

c 
c c a l led by : defo rm . for - -deformation pro cessor 
c 
c· · ·-············· · ·~ ---·····-····-········· - · ········w·•~·-·········--··· 

c 

c 

dimension d(4 ,0:l,O:m,O:n) 
dimensi o n xd{0:10) ,yd (O:lO), zd (0:10) ,wd 0:10) 
dimensio n xds(0:10) 1 yds(O:lO),zds(0:10) . wds(O:lO) 
dimension xdt(O: lO),ydt(O:lO),zdt{0 :10) . wdt(O:lO) 

xd iff= {xmax - xmin) 
ydif f = (ymax - ymin) 
zdiff=(zmax - zmin) 

c if there i• no def omation boundary t hen retu~n the same value• 
c 

c 

if (xd i ff.eq.O . O .or. ydiff . eq.O.O . or. zdiff . eq.O.O) t hen 
xdu=x 
ydu=y 
.. du= z 

else 
• =(x - xmin)/xdi{ f 
t.= ( y - ymin) / ydiff 
u= (z - zmin)/zdiff 

c if the point in the defomation boundary then deform it 
c 

I 

20 

10 

g 

if(•.ge . - 0 . 005 . and . e . le .l.005 . a nd. t. ge.-0 .005 . a nd.t.le.1.005 
.and . u.ge.-0.006 .and. u.l e .l.005)then 

do 9 k=O, n 
do 10 j =O ,m 

d o 20 i=O,l 
wd ( i) d (4,i,j,k) 
xd(i) ( xmin + i• (xdiff)/1 + d(1,i,j,k))•d(4 ,i,j ,k• 
yd(i) = (ymin + j • (yd if!) /m + d(3,i,j,k))•d(4,i,j , 
ad(i) = (zmin + k• (adi f!) /n + d{3,i,j,k))•d(4,i,j, k ; 

continue 
wde ( j) =point(wd,l,•) 
xd•(j)=point(xd, l ,• ) 
yd•(j) =point(yd,l,•) 
zde(j) =point(zd , l,e) 

continue 
wdt(k) =point(wd•,m,t) 
xdt(k) =point(xds,m,t) 
ydt(k) =point(yda ,m,t) 
zdt(k)=point(zde,m,t) 

continue 
wd u=point(wdt ,n,u) 
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xdu=poi n t(xdt, n ,u) 
yd u=po int(ydt,n,u) 
zdu=point(zdt,n,u) 
xdu=xdu/ wdu 
ydu= ydu/ wdu 
zdu: zdu/ wdu 

c i f the point out o f the defoma.tion boundary then no defor•ation 
c 

c 

e l ae 
xdu=x 
ydu=y 
zdu= z 

e nd if 
end if 

r e turn 
end 

CNAME CIRC.FOR 
c ••••• •• ••••• • •••••••••• ••• ••• • •••••••••• •• ••••••• •••••••••• •••••••••••••• 

a ubroutine circ(xc,yc,zc, r , n) 
C •• ••••••••••••• •••• • •• • ••• • • • • • • • •••••• ••••• • •• •• • •• • ···••• • ••••••••••••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM : CIRC.FOR 

PURPOSE: DRAW CIRCLE ON THE GIVE~ POINT 

WRI TTEN BY : SSUTA HSU 
MODIFIED BY : 

CHECKED BY : 
CHECKED BY: 

DATE: OCT. 6 , 1Q88 
DATE : 

C • • •• ••••• ••••• • • •• ••••••••••••••••••• ••• • ••• • ••• • •••••• •• ••••••••••••• • •• 
c 
C ALCORITHN EXPLANATION: 
c 
C· ·· ·· ······· ··~··• •• ••• ••• •• • ••~ · -·····• • •••••• ···•·•• •••• • •• • •• ••• •••••• 
c para.meter: 
c XC x - coordina.te center of the circle 
c y c y-coordinate c ent e r of t h e ci rcl e 
c r radioue o f the circl e 
c n segments ne eds to f orm a circ le 
c • •••••• ••••••••• •• ••••••••••••••• ••• • • • • •••• • ••·• ••• •••• • •••••••••• ••• •• • 
c 
c c a lled : pipe . f or -- g r aph ics line p loter 
c 
c ••••• •••• • •• ·•••••••••• • ••••• •••••••••••••••••• •••••• •••••••••••••••••••• 
c 
c c a lled by : pde!or . !or -- plot control p o int for fre e - form defo rmation 
c 
c •••••••••••••••••••••••••••• • ••• • •• •••••••• • •• ••• ••••••••••••••••••• • • ••• 

c 

10 
c 

20 

c 

d imena ion x (60), y(60) 
real r 

pi .. a cos (-1.0) 
if(n.l e . 3 ) n=3 
a :o2 . 0 • pi/n 
do 10 i = l,n 

x( i)=xc + r *COa(a*i) 
y(i) =yc + r •a in(a• i) 

continue 

do 20 j=l , n - 1 
c a ll pipe (x( j ) ,y(j) ,zc,x(j•1) ,y(j+ l ) , z c) 

continue 
c a ll p ipe (x ( n ) ,y ( n), zc,x (l) , y ( l ) ,zc) 

return 
e nd 

CNAWB PUSH.FOR 
c ••• ••••••• • • •••••••••••••••••••••• ·•• • • • • • •••••••••• • ••••••••••••••• • • •• • 

a ubr outine puah (loop,ipt) 
C·· ··· ·· · ····· • ••• • ••••• •••••• ··• •• •• ••• ••••• • •• ••••••• ••• • ••••• • •••• • •••• 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRAW : PUSB . FOR 

PURPOSE : PUT THE DATA INTO STACK 

WRITTEN BY : SSUTA HSU 
).(ODIFIED BY : 

CHECKED BY : 
CHECKED BY : 

DATE : OCT. 6, 1Q88 
DATE: 
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C••• ••• •••••••••••• • •••••••••• ••••• ••••••••••••••••••••••••••••••••••••••• 
c 
C ALGORITKW EXPLANATION: 
e 
C• • • • •• • •• • • • ••••••••••• ••• ••••••••••••••••• •• ••••• •• •••••••••••••• • •• •••• 
c 
C CALLED : NONE 
c 
C•••••••••••••• • •• • ••••• •• ••• • ••• • •••••••••• •••• •••••••• • •••••••• ••• ••• • •• 
c 
C CALLED BY : YOST OF THE ROUTINE 
c 
C• •• •• ••• ·•••••• ••••••••• • ••••••••••• • •••••••••• •• • ••••••••• • • •••••• •• •••• 

e 

e 

include 'p ~r a.inc' 
common/etack/ i a rray ( max loop) 

ipt = ipt + 1 
i array(ipt)=loop 

return 
end 

CNAME POP.FOR 
c••·~•·•••••••••••••••••••••••••••••••••••••• • • ••• • ••••••••••••••••••••••• 

subroutine pop (loop,ipt) 
c-- -~······ · ··· ····~······-··············· ·· ··•·················· ·· ······ · c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM: PUSH.FOR 

PURPOSE: POP THE DATA OUT OF STACK 

WRITTEN BY : SSUTA RSU 
MODLFIED BY: 

CHECKED BY: 
CHECKED BY: 

DATE : OCT. 6 , 1088 
DATE: 

C•••• ••• • ••• •••••••••••••••••••••••••• • • • •••••••••••• •• ••·• •••••• • ••••• ••• 
c 
C ALGORITHM EXPLANATION: 
c 
C·• ··· · • · · ········· · -·· - ·•••• •• •••••• •••• ••••· • · ····· · · • ••• • ••• ·· ········· 
c 
C CALLED: NO:-ffi 
c 
c --···· ·· · · ····· · · · · ·· ·- ··············· - ~·· ··· ···· · ·········· · · · · ········· c 
C CALLED BY : WOST OF THE ROUTINE 
c 
C••••••••••••••••••••••• ••• •••••••••• • ·•• •• •••••••••••••••••••••••• • •••••• 

c 

c 

include 'p~r~ .ine' 
common/etack/iarray (maxloop) 

loop=i a rray (ipt) 
ipt = i pt - 1 

return 
end 

l 3 1 



c 
c maximum i nte rna l no de number on each e u rfac e for 2-D caee 
c 

par ameter (intnod=lOOO) 
c 
c maximum al lowabl e n o d e number on each line 
c 

c 
c maximum degree of a curve or line eegmente 
c 
c par ame t er (maxdeg=20) for 2 - D c aee 

parame t e r ( maxdeg= 4 ) 
c 
c maximum number o f po lygon • maxel e•6 
c 

par ame t er ( max id=l2000) 
c 
c maximu n number o f e l ement• 
c 

parame t er (maxe l e =2000) 
c 
c maximum number of node• in a ny mesh 
c 

parameter (maxnod= lOOOOO) 
c 
c max i mum n umb e r o f stack necessary f or t he l oops 
c 

par a me ter ( maxl oop=20) 

c set p i f o r proceseing 2-D case 
c 

c 

parame ter ( p i = 3 . 1415Q3) 
par a meter (twopi=6 . 283185) 
par ameter (ha l !pi=l . 6707Q5 ) 

c set zero fo r error measurement 
c 

para me t e r ( zero=O. OOOl) 
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ABSTRACT 

Development of computer models and subsequent finite 
element analysis , are important aspects of modern engineering 
design. In this process, the geometry creation and finite 
element analysis software are well developed; however, the 
process of discretizing a geometry into a proper finite 
element model is time consuming and tedious. 

The work presented here uses the free - form deformat ion 
method to create smooth solid models, and invokes a solid 
subdivision and transition method to generate the hexahedron 
finite elements . The combination of these two techniques 
provides an automatic mesh generator t hat is easy to use, 
creates acceptable hexahedron elements for finite element 
analysis, and can model basically any complex shape. 
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