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BUILT

BUILT

program BUILT

Surface Triangulation Program for Built-Up Structures
(version 1.2)
[modifiedto be used with 3-d built-upstructures
consisting of plate and membraneelements,
Yupa's birthday,10/28/91

Version 1.0 July 1990
. December 1990
1.2 October 1991

W ritten by
Contact Address

Joaquim Peiro

Department of Aeronautics
Imperial College

Prince Consort Road
London 7 2BY

(071) 5895111 Ext. 4041

This program generates a surface triangulation given
the definition of the surface in terms of edges and
faces represented by means of composite curves and

surfaces with curvature continuity.

Note: the normal to the support surface is defined by

X V. this normal should agree with the orientation
defined by the boundary segments of the surface to be
generated.

numbering of the support points of the surfaces

14 7 10
21~ 51 8L"jll
a6 9 121
+-

input/ioutput files

The convention for naming the input and output files
is as follows. A run is assigned a problem name, say
TEST, and a version, for instance 2; then the names
assigned to the input and ouput files are:

inp 1 geometrical definition of the surface
This file does no change during the
remeshing procedure
* file name > TEST.dat

iNP2 s previous triangulation of the surface



Note

iou3

Note:

param
param
param

param
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension
common /sp

* file name > TEST. tril

local length coordinates of the points on
the edges of the previous triangulation

* file name > TEST.edgl

...... local coordinates in the parameter plane

of the points on the faces of the previous
triangulation
* file name > TEST.facl

...... nodal values on the previous mesh of the

spacings for the new triangulation
* file name > TEST.refl

inp2 to inp5 are required only when remeshing.

The
the

files inp2 to inp3 have been produced by
program in a previous run. The file inpb5

could be obtained from the estimation of the
errors after analysis or defined by the user.
This second option would allow the wuser, after
generating an initial coarse mesh, to define a
new distribution of spacings which w ill enhance

the

all

resolution in chosen areas of the surface.

..... current triangulation of the surface

* file name > TEST.tri2

..... local length coordinates of the points on

the edges of the current triangulation

* file name > TEST.edg?

local coordinates in the parameter plane
of the points on the faces of the current
triangulation

* file name > TEST.fac?

these files are produced by the program.

eter(mxnip=4000,mxnsp=10000,mxnsf=200,mxnhs=1000)
eter(mxnnp=4000,raxpbg=4000,mxebg=12000,mxnis=600)
eter(mxpst=4000,mxest=12000)
eter(mxpsf=6000,mxesf=20000)

character

Ipip(mxnis), Ipsp(mxnsf),Ipbs(mxnsf) Ilpnp(mxnnp)
kpnp(mxnsf), kpne(mxnsf), lkel(mxnsf)
lkip (m xnis),igip(mxnip),alip(mxnip)
lknp(mxnsf),ignp(mxnnp),clnp(2,mxnnp)
nspl(mxnsf),nsp2(mxnsf),isbs(mxnbs)
nwed(mxnnp),nwfa(mxnnp)
cpip(3,mxnip),cpsp(3,mxnsp) ,spnp(mxnnp)
cosf(3,mxpsf),Imsf(3,mxesf),conp(3,mxnnp)

(

(

cobg(3,mxpbg),Imbg(3 , mxebg),sphbg(mxphbg)
cost(3,mxpst),1mst(d,mxest)

nib(mxnis)

al spac,spmin

filnam*12,cv*4 pv*d

o o o o o

assign input and output channels
inpl = 21
inp2 = 22
inp3 = 23
inp4 = 24
inp5 = 25
ioul =41
jou2 = 42
ijou3d = 43
ifoud = 8
ious = 9
ioub = 90
ifoug8 = 91
ifou9 = 92
ioulo= 94
iouti= 95

*** mesh generation options:
0 s initial mesh (constant size)
else ... remeshing



e .

on number:

m(1:1)//".dat',status="0ld"',err=40)
lunknownlle
‘unknown' err=40

,status=
,status=
,status=
,status=
,status=

,status=
,status=

,status="unknown",

‘unknown',
‘Uunknown",
‘unknown',
‘unknown',
‘unknown',

,status="'unknown"',

e

e
e
e
€
€
€

rr=40
rr=40
rr=40
rr=4190
rr=40
rr=40
rr=4190
rr=4190

e first mesh or information for remeshing

hing w

worite (*,10)
worite (*,20)
read (*,*) irem
opens input/iouput files
worite(*,'(//la,$)") ' Enter problem nam
read (*," " (a)') filnam*
write(*,1(a,$)1) ' Enter current versi
read!* "(a)') cv
1 = namlen(filnam)
if (1 .eq. 0) go to 40
open(inpl, file="filna
open(ioul, file="filnam (1:1)//".t1llcv
open(iou2, file=+filnam (1:1)//".elllcv
open(ioud, file=filnam (I:1)//".¢c'llcv
open(ioud, file=filnam (1 :1)/1". "llcv
open(ioub5, file="filnam (1:2)//".1"/lcv
open(iou6, file=filnam (1:1)//".dim"’
open(iou8, file="filnam (I:1)//".f"/lcv
open(iou9, file=filnam (1:1)//".d"'/lcv
open(ioul0 file=filnam (1:1)//".i "Ilcv
rewind (inpl)
reads spacing for th
spmin = -1.
if(irem .eq.0) then

worite (*,30)

read(*,*) spac

spmin = spac
else

worite(*,"(a,$)") ' Enter previous version

read{*l'(a)') pv

if(pv.egq.cv ) then

write(*,"(a,$)") ‘'...and so everyt

goto 40

open(inp2, file=filnam(1:1
open(inp3 file=filnam(1:1
open(inpd4 file=filnam(I:1
open(inp5, file=filnam(I:1

rew
rew
rew

ind (inp2)
ind(inp3)
ind (inp4)

rewind (inp5)

endif

reads

call

make

call

if re

if(ire

call

the geometric

input(inpl,nis

I

I
T

al definition of th

nsf,lpip,cpip,

) t'llpv, status

Yl e'llpv,status=

) c
r

nu

"Ilpv,statuss=
“Ilpv,statuss=

mhber:

go lost

e surface

Ipsp,nspl,nsp2,cpsp,Ilpbs,isbs,nib)

dimension file
size(iou6,nsf,
meshing reads

m .ne.0) then

call inpsg(inp3,n
call inpsf(inp4,n
call inpsp(inp5,np

endif

generates points on

call

genis(irem ,nis
lkip,igip

generates points on

call

gensf(irem nsf

of problem

cpsp)

the information of

is ,lkip,igip.,alip)
sf ,lknp,ignp,clinp)

bg.spbg)

the edges of the

the previous mesh

inpbg(inp2,npbg,nebg,cobg,Imbg,lkel)

surface

pip,cpip,lpnp,spnp,conp,

alip,spbyg)

the faces of the

surface

dpbs,isbs,nspl,nsp2,Ilpnp,conp,
Ipsp,cpsp,kpne,kpnp,cosf,Imsf,npbg,Imbg,

='old"', err=40
‘old ', err=40
‘old ', err=40
‘old ',err=40

[

)
)
)
)

)
)
)
)
)
)
)
)
)



c*
c*
c*

o 0o 0o o o o o o

6o 6o 0o o 0 o0 o o

. spbg,lkel,ignp,clnp,nwed, lknp)
*** produces the global numbering
call glnum(nis ,nsf ,npst,nest,Ilpnp,conp,kpnp,kpne,
cosf,imsf,Ipbs,isbs,Ipsp,cpsp,nspl,nsp2,
cost,Imst,nwed,nwfa)
*** outputs the necessary information for analysis and remeshing
call outbg (ioul,npst,nest,cost,Imst)
call outsg(iou2,nis ,lpnp,spnp,nwed)
call outsf(ioud,nsf ,kpnp,cosf,nwfa)
call datagraphic(iou8,ioud9,npst,nest,cost,Imst)
10 format(10(/),
. R I RN L R RN A
*%%
1 BUILT
! o surface triangulator ***'1/,
' BhE for built-up structures KL I
20 format!/,"' *** mesh generation ***'l/,
' 0.- initial mesh e
! 1.- remeshing ',//,
Option ?2: ", )
30 format!/,' *** initial mesh ***'1/,
' element size ?2: ',§)
40 stop
end
[input] reads the geometrical definition of the surface
subroutine inputinp ,nis ,nsf Ipip,cpip,Ilpsp,nspl,nsp2,
cpsp.,lpbs,isbs,nib)
dimension Ipip (*),Ipsp(*),Ipbs(*)
dimension nspl(*),nsp2(*),ishs(*)
dimension cpip(3,*),cpsp(3,*)
dimension nib!*)
character*80 text
worite (*,10)
*** greads the number of edges and faces
read (inp,' (a)') text
readlinp,*) nis,nsf
*** for each edge read the global coordinates of the points
in both faces (the points in the segment are ordered).
is ‘number of the edge.
Ipip pointer of the position of the edge points in cpip.
cpip 13D coordinates of the points in the edge,
read (inp," " (a)') text
kp = 0
do 200 is=1,nis
Ipip(is) = kp+1
readlinp,*) ] ,nip,nib(is)
do 100 in=1,nip
kp = kp+1
readfinp,*) (cpip(il,kp),il=1,3)
100 continue
200 continue
Ipip(nis+1) = kp+l
*** for each surface reads the coordinates of the support points,
is number of the face
Ipsp pointer of the position of the support points in

nspl,nsp2 number of points in the

cpsp :3D coordinates of the support points,
read (inp,l(a)l) text

kp = 0

do 400 is=1,nsf

andV direction, respectively.
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read (inp,*) js,nspl(j )., nsp2(js)
nno= nspl(j )*nsp2(j )

Ipsp(is) = kp+1l

do 300 in=1l,nn

kp = kp+1l
read (inp,*) (cpsp(il, kp),il=1,3)
300 continue
400 continue
Ipsp(nsf+l) = kp+1l
c
¢ *** reads in the right order the number of the edges that define
c the boundary of the face to mesh ( a minus sign in the number
c of the edge indicates that the correct orientation for this edge
¢ is the opposite to its defining orientation).
c
c nn S number of edges defining the boundary of the face,
¢ Ipbs o pointer of the position of the edges in isbs.
¢ isbs . number of the edges bounding the face to be triangulated,
c
read (inp,1(a)') text
kpl = 1
do 500 is=1,nsf
Ipbs(is) = kpl
readtinp,*) J]s,nn
kp2 = kpl+nn-1
read (inp,*) (isbs(ik),ik=kpl,kp2)
kpl = kp2+l
500 continue
Ipbs(nsf+l1) = kpl
c
close(inp)
[
10 form atf/,’ facet > reading surface definition data')
c
return
end
ot .
c* [inpbg] reads the triangulation of the previous mesh *
c* - *
subroutine inpbg(inp,npbg,nebg,cobg,Imbg,lkel)
dimension cobg(3,%) mbg(3,) 1kel(n)
c
c *** notation
c (L number of nodes in the previous triangulation
¢ nebg number of elements in the previous triangulation
c cobyg 3D coordinates of the nodes (stored but not used)
c Imbg connectivity array
c lkel pointer of elements in Imbg in each face
write (*,10)
c
readtinp,*) npbg,nebg
c
do 100 ip=1Il,nphbyg
read (inp,*) jp.,(cobg(in,jp),in=1,3)
100 continue
isfo =1
lkel(l) =1
c
do 200 ie=1I,nebyg
read (inp.,*) je, (Imbg(in,je) ,in=1,3) ,isf
if(is f.ne.isfO) then
isfo = isf
lkel(isf) = ie
endif
200 continue
c
lkel(isf+ 1) = nebg+l
c
close(inp)
[
10 form att/,' facet > reading previous triangulation')
c
return
end




c*

c*

o 0o 0o 0o o0 0o o o o o

o
o
o
o

O 0 0 0o 0o o o o o

c*
c*
c*

[inpsg] reads the arc lengths of points generated in the
boundary edges of the previous mesh

subroutine inpsg (inp,nis,lkip,igip,alip)
dimension Tkip (*),igip(*),alip(*)

worite (*,10)
the information about the length and global number of the

points generated in the previous mesh along the edges of
the surface is stored in the vectors:

igip global number of the points generated along the edge is
(number in the surface definition) in the previous mesh

alip local length coordinate of these points

Ikip pointer for the vectors igip, alip

kp = 0

do 200 is=1,nis

lkip (is) = kp+1l

read (inp,*) nn
do 100 ip=1I,nn

kp = kp+1l

read (inp,*) igip (kp),alip (kp)
continue

continue

Ikip(nis+ 1) = kp+l

close(inp)
format(/,"' facet > reading previous edge data’)

return
end

[inpsf] reads the local coordinates of the points generated in
the boundary faces of the previous mesh

subroutine inpsf(inp,nsf, lknp,ignp,clnp)
dimension lknp (*),ignp(*),clnp(2,%)

worite(*,10)
the information about the local coordinates in the parameter

plane and global number of the points generated in the previous
mesh on the faces of the surface is stored in the vectors:

ignp global number of the points generated along the edge is
(number in the surface definition) in the previous mesh

clnp local coordinates of these points

lknp pointer for the vectors ignp, clnp

kp = 0

do 200 is=1,nsf

lknp(is) kp+1

read (inp,*) nn
do 100 ip=1I,nn

kp = kp+1l

read (inp,*) dignp(kp), (clnp(in,kp),in=1,2)
continue

continue

lknp(nsf+1l) = kp+l

close(inp)

format!/,' facet > reading previous face data')
return
end

[inpsp] reads the spacings in the points of the previous mesh

subroutine inpsp(inp,npbg,spbg)
dimension sphgt*)
common /spal spac,spmin

write(*,10)
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C***
C the array spbg contains the spacings for the new mesh
C to be generated as nodal values of the previous mesh
C
readfinp,*) np
f(np.ne.npbg) then
write (*,20)
stop
endif
do 100 ip=1Il,nphbyg
read (inp, *) jp.,spbgf(jp)
spmin = min(spmin,spbag(jp))
100 continue
¢
close(inp)
[
10 format(/,' facet > reading new spacings data')
20 format(/,"' err-facet > subroutine inpsp"',/
1 incompatible spacing file")
¢
return
end %
c* *
c* [namlen] counts the number of characters in filnam
ot
integer function namlen(filnam)
¢
character*12 filnam
c
namlen = 0
do 10 i = 12,1,-1
if (filnam (i:i) .eq. ' ') go to 10
namlen = |
go to 20
10 continue
20 return
end
ot .
c* [split] generates points on a ferguson spline defined *
c* by nps points according to the spacing spi in the *
c* points of the previous discretization of the edge
ot ¥
subroutine split(irem ,nps,npi,npn,xsp,tsp,xip,sip,xnp,snp)
¢
parameter (naux=2000)
dimension xsp(3,*),tsp(3,*) an(S,*) ip(*).sip(*),snp(*
dimension al(naux), xne(naux), xI(haux),coef(5 naux)
dimension rl (6),rZ (6),r (6)
common /spal/ spac,spmin
C
c *** notation:
c NPS number of points defining the spline curve
¢ NP number of points in the previous discretization
c of the edge (sampling points), unused if initial mesh,
c npn number of newly generated points
c Xsp 3D coordinates of the points defining the spline
c tsp tangents vectors for the spline
¢ xip length coordinates of the sampling points
¢ sip element size at the sampling points
c xnp 3D coordinates of the newly generated points
c
ndim = 3
eps = l.e-05
¢
if(nps.gt.naux) then
write(*,10) nps
stop
endif
¢
c *** interpolates splines for the support points,
¢

do 300 id=1I,ndim
do 100 ip=1I,nps

xI(ip) = xsp(id,ip)
100 continue
call spline(2,nps,xl,xne, al)

do 200 ip=1I,nps
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300

400

550

tsp (id,ip) = xne(ip)

continue

continue

calculates the length of each segment,
ul =0.0

2 =1.0

ssp = 0.0

rumin = l.e+30

ns = nps-1

do 500 is=1,ns
do 400 id=1I,ndim

idl = id+ndim
rli(id ) = xsp(id,is)
rl(id 1) = tsp(id, is)
isl = is+1
r2 (id ) = xsp(id,isl)
r2 (idl) = tsp(id isl)
continue
call coeff(ndim,rl,r2,al,a2,a3,a4,a5,rum)
coef(l,is) = al
coef(2,is) = a2
coef(3,is) = a3
coef(d4,is) = a4
coef(5,is) = a5
rumin = min(rumin,rum)
call lengt(0,al,a2,a3,a4,a5,ul, 2, ,eps)
al(is) =
SSp = sSsp+s
continue
calculates the number of elements and the
if(irem .eq.0) then
ane = ssplspac
nel = max(int(ane+o0.5),2)
sdt = ssplreal(nel)
npn = nel+1
if(npn.gt.naux) then
write (*,10) npn
stop
endif
do 550 ip=1I,npn
ap = ip-1
snp(ip) = ap*sdt
continue
elxne(l,_= 0.0
ane = 0.0
do 600 is=1,npi-l
dl = sip(is)
d2 = sip (is+1)
Xr = xip (is +1)-xip(is)
av = (d2-dl)/xr
if(av.le .eps) then
anel = 2 . *xri(dl+d2)
anel = log(d2/dl)/av
endif
ane = ane+anel
xne(is+1) = ane
continue
nel = max(in t(ane+0.5),2)
scl = anelreal(nel)
npn = nel+1l
if(npn.gt.naux) then
write (*,10) npn
stop
endif
ik =
XI =0.0
ik = ik+1
It (incol
To loo isITTTi-i

resulting

spacings.



700

800

1000

1100

1200

1300

1400
1450

1500

10

anl
an2
X r
X2

xne
Xxne

xip (is+ 1)-xip (is)

X I+

iis)
(is+1)

Xr

if(an.gt.an2) goto

dl
d2
av

sip(
sip(

(d2-

continue

ane

if(av.le

xin
else

xin
endif

ik

is)
is+1)
dl)y/xr

anl

800

.1 .e-05) then

= ane*0.5*(dl+d2)

= dlI*(exp(a

ik+1

snp(ik) =

an

real

x I+ xin
(ik)*scl

if(an.le.an2) goto
continue

X |

X2

continue
snp(npn)

endif

places

si o=

the

snp(ik

do 1000

xnp(id,np)
continue

(m IZA(dOis: I,ns

is-1

uo =
al =
a2 =
a3 =
a4 =
ab =

co
co
co
co
co

do 1100
id+nd

id 1 =
ri(id

ri(id 1)

isl =
r2 (id

)

)

r2 (idl)
continue
al(is)
continue

sis =

id

ef(l
e f(2
e f(3
ef(4
ef(5
id=

= X

points.

+1)-snp(ik)

= I,ndim
= xsp(id,I)

s )

is)

is)

is)

,is)
[,ndim

im
sp(id,is)

= tsp(id,is)
is+1

= X

sp (id,isl)

tsp (id,isl)

if(si.gt.sis) then

g u ir
call markp(al,a2,a3,a4,a5,rumin, ul,
call fgcurv (0, ndim, rl, r2,
0rla-i, ,
xnp(id,np) = r(id)
continue
if(np.eg.npn-1) go to
ik = ik+1
si = sl+snp(ik+1)-snp(ik)
if(si.gt.eps) goto 1200
endif
continue
continue
do 1500 id=1,ndim
xnp(id,npn) = xsp(id,nps)
continue
format(/," err-facet >
! increase

return

viane)-1.)lav

700

1450

160
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end
c* .
c* [genis] generates points in the edges of the surface *
[ — . *
subroutine genis(irem ,nis ,Ipip,cpip,lpnp,spnp,conp,
lkip,igip,alip,spbg)
c
parameter (naux=4000)
dimension Ipip (*),Ipnp(*)
dimension spnp(*),conp(3,*)1cpip(3,*)
dimension Ikip (*) ,igip (*),alip (*),spbg(*)
dimension xsp(3,naux),xnp ,naux),tsp(zé naux)
dimension xip(naux),sip(naux),snp(naux)
c *** notation
¢ CONP e vector containing the 3D coordinates of the points
c generated in the edges of the surface.
c SPNP s vector containing the length coordinate of the
c generated points (remeshing).
c [ DL I— Is a pointer for the vectors conp and spnp.

do 2000 is=1,nis
worite (*,10) s

is | = s+l
nipl = Ipip(is)
nip2 = lIpip (isl)-1

c nk:°

do 100 ip=nipl,nip2

nk = nk+1

xsp(l,nk) = cpip(lip)

xsp(2,nk) = cpip(2,ip)

xsp(3,nk) = cpip(3.,ip)
100 continue

if (nk.gt.naux) then

write(*,20) nk

stop
endif
c
¢ *** if remeshing fetch the spacings
c
npi = 0
if(irem .ne.0) then
kpl = Tkip (is)
kp2 = lkip (is+1)-1
do 200 ip=kpl,kp2
npi = npi+l
xip(npi) = alip(ip)
ip = dgip (ip)
sip(npi) = sphg(jp)
200 continue
endif
if(npi.g ux) then
wrlte(, 0) npi
stop
endif
c
c *** generates points along the edge
c
call split(irem nk,npi,npn,xsp,tsp,xip,sip,xnp,snp)
if(npn.gt.naux) then
write(*,20) npn
stop
endif
c
c *** stores the computed coordinates
c

do 300 ip=1I,npn

kn = -kpO+ip

conp(l,kn) = xnp(l,ip)

conp(2,kn) = xnp (2,ip)

conp(3,kn) = xnp (3,ip)
300 continue
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stores the length coordinate of the generated points

do 1000 ip=1I,npn
kn = kpO+lp
spap(kn) = snp(ip)
continue

updates the pointer
write (*,30) npn

kpO = kpO+npn
lpnp(is+1) - kpOo+l

continue

formatt/,' ¥** generating edge no: ',t3)

format!/,1 err-facet > subroutine genis"',/,
1 increase naux to: ',17)

formatt/,' generated points: ',I|)

return

end

[gensf] discretizes the faces of the surface given the edges
that form their boundary and the distribution of element
sizes in the previous mesh.

note: it is assumed that the boundary segments delimiting the
surface have been introduced in the right order of contiguity

subroutine gensf(irem nsf ,Ipbs,isbs,nspl,nsp2,lpnp,conp,
Ipsp,cpsp,kpne kpnp,cosf,Imsf,npbg,Imbyg,
sphg,lkel,ignp,clnp,Inew, lknp)

parameter (mxpl=5000,mxel=10000,mxsl=16000)

dimension lphs(*),ishs 3) nspl(*),nsp2(*)

dimension Ipnp(* conp |psp * cpsp(3,*

dimension cosf 2 Ims f(3°* ) kpnp(*) kpne(* ,Ikng(*
dimension onp jcf np 2,*2),Ine (*), kel (*).1mbg(3,*) Lspog (o)
dimension r(12 Lcol(Z,mxpl), Lml(3,mxel)

dimension c¢b (2 meI 1Ibg 3,mxel ,dbg mxpl

dimension ipfr(mxsl):igff(mxsl),cog(3,mxsl

common /spal spac,spmin

logical store

tolerance for determining common points in terms of the
distance in 3D when forming the initial generation front.

eps = l.e-05

f}pne(]l)’ :1f

loop over the faces

do 1000 is=I,nsf
write!*, 101 s
isl is+

npu = nspl(is

npv = nsp2 |s

nl = Ipsp(is

2 = Ipsp(lsl) |

nksl = lpbs(is)

nks2 = Ipbs(isl)-1

if(npu*npv.gt.mxpl) then
(wFrjl (B,Z(?) 'mg(p)l',npu*npv
stop

endif

interpolates the composite spline surface for the face
kp = 0



100

C kK%

200

400

do 100 ip =nl, 2

kF = kp+l

ri(l,kp) = cpsp(l,ip
rl(2,kp) = cpsp(2,ip
r1(3,kp) = cpsp(3,ip
continue

call sfgeo(npu,npv,rl)

forms a background mesh in the parameter
if(irem.eq.0) then
4

npg =
neg = 2
anu — npu[-1
anv = npv-1
cbg (1,1) = 0.
cbg (2, 1) = 0.
cbg (1,2) = anu
chg (2,2) = 0.
cbg (1,3) = anu
chg (2,3) = anv
cbg (1,4) = 0.
chg (2,4) = anv
dbg (1) = spac
dbg (2) = spac
dbg (3) = spac
dbg (4) = spac
lbg (1,1) =1
lbg (2, 1) = 2
lbg (3,1) =3
lbg (1,2) =1
lbg (2,2) =3
lbg (3,2) = 4

else
do 200 ip=1Il,npbyg
Inew (ip) =0
continue
ipl = lknp(is)
ip2 = lknp(is+1)-1

do 300 ip=ipl,ip2
npg = npg+l
cbg(1,npg) = clnp(lip)

cbg(2,npg) = clnp(2,ip)
ip = dgnp(ip)
Inew(jp) = npg

dbg (npg) = spbg(jp)
continue

el = lkel(is)

ie2 = lkel(is+1)-1

do 400 ie=1iel,ie2

neg = neg+l

11 = lrabg(l,ie)

12 = Imbg(2,ie)

13 = Imbg(3,ie)
Ibg(l,neg) = Inew(il)
Ibg(2,neg) = Inew(i2)
Ibg(3,neg) = Inew(i3)
continue

endif

stores the boundary points

npl
nel
store

non
I o o

true,

do 600 iks=nksl,nks2
ksl = isbs(iks)
ks = abs(ksl)

checks orientation of the segment
if(ksl.gt.0) then

npl = Ipnp(ks)
np2 = Ipnp(ks+1)-I

plane

163
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jk =1

else

npl = Ipnp(ks+1)-1
np2 = Ipnp(ks)

jk o= -1

endif

*** stores value of first point for checking

if(store) then

ikpt = npl+l

xkpt = conp(l,npl)
ykpt = conp(2,npl)
zkpt = conp(3,npl)
store = .false,
endif

stores coordinates and forms the front

do 500 ip= pi,np2-jk,jk

npl npl+1
cog(l,npl) conp(l,ip)
cog(2,npl) conp(2,ip)
cog(3,npl) conp(3,ip)
ipfr(npl) npl
igfr(npl) npl+1l

500 continue

if(npl.gt.mxsl) then
write(*,20) 'mxsl',npl
stop

endif

*** checks against the first point,

xdst = conp(l,np2)-xkpt
dst = conp(2,np2)-ykpt
zdst = conp(3,np2 -zké)t
dist = s?rt(xdst *2+ydst**2+z20st**2)
if(dist.It.eps) then
igfr(npl) = ikpt
store = ".true,
endif

600 continue
*** computes the local coordinates
call locuv(npl,cog,col,npu,npv,rl)
*** generates the mesh in the parameter plane

call msh2d(rl,npu,npv,neg,cbg,lbg,dbg,ipfr,iqgfr,
npl,nel,col,Im1)

if(npl.gt.mxpl) then

write(*,20) ‘mxpl',npl

stop

endif

if(nel.gt.mxel) then

worite!*,20) 'mxel" nel

stop

endif

*** stores the local coordinates and the element
connectivities in global vectors

do 700 ip=1I1,npl

np = np+l
cosf(l,np) = col(l,ip)
cosf(2,np) = col(2,ip)

700 continue
do 800 iel=1,nel
ne = ne+l )
Imsf(l,ne) = Iml(L,iel)+np0
Imsf(2,ne) = Iml({2,iel)+np0
Imsf(3,ne) = Iml(3,iel)+np0

800 continue
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np0 = np
kpnp(isl) = np+l
kpne(isl) = ne+l
continue
format(/, ' *** generating face no: 1,i7)
format ' err-facet > subroutine gensf',/,
increase ‘',a,' to: ',i7)
return
end
[mesh2d] generates the mesh in the parameter plane *
subroutine msh2d(r, ,nv,neg,chg,lbg, dbg,
ipfr,igfr,node,nelem,coor, iel)
parameter (mxp = 8000, mxe = 16000)
parameter Cmxs = 2*mxe)
.;. previous mesh.
dimension Cbg(z,*) |bg (3,*) ,dbg(*)
front vectors.
dimension ip fr(*),iq fr(*)
. generated mesh
dimension COOT(Z,*),|9|(3,*)
... surfaces.
*
dimension r(lz,)
help vectors.
dimension coor0O (2 ,mxp}
dimension lcoor(mxp),lcoid(mxp) ,Iwher(mxp)
dimension lcore(mxp),icone(3*mxe), Ilposi(mxp)
dimension nregi(mxp),strec(4,mxp),iside(4,mxs)
dimension lhowm(mxp)

initialize,

call rfiliv(lcoor,mxp,h0)

call rfiliv(lcore ,m xp,h0)

call rfiliv(icone,3*m xe,b0)

call rfiliv(lwher,mxp,0)

call rfiliv(lthowm ,mxp,h0)

call rfiliv(lposi,mxp,0)

call rfiliv(lcoid,mxp,0)

nonf=node

nonr=node

do 100 in=1Il,node

nregi(in)=1ipfr(in)

continue

triangulate regions

call trian(r, nv,nonf,ipfr,igfr,nregi,iel,nonr,
coor,nelem,node,neg,lbg,cbg,dbg)

find out boundary points

call bound(node,nelem,lcoor, iel)

fill in iside

call sides(nelem ,node,nside,iel,iside,lwher,lhowm ,icone)

find out real and ideal number of connectivities

call conre(node,nelem ,iel,Icore)

call conid(node,nside,iside,lcoor,lcoid,coor,strec,
r, nv,neg,lbg,cbg,dbg)

cosmetics sequence,

call eattr(node,nelem  nside,iel,iside,lcoor,Ilposi,
Ilwher,IJhowm ,(lcore,lcoid,icone,coo0r)

do 111 ii=1,3

call swapd(nside,iside, iel,



core,lcoid,coor, ,nv,r)

nsmoo = 2
call smoot(2,3,nelem node,nsmoo,lcoor,lcore,iel,coor,coor0)
111 continue
call areach(node ,nelem,iel,coor)
C
return
C* end *
c* [triang] generates points and triangulates the region *
o L \
subroutine trian(r, ,nv,nonf,ipfr,igfr,nregi,iel,nonr,
: coor,nelem, node neg,lbg,cbg,dbg)
C
parameter (mxn=2000)
dimension nregi(*),ipfr(*),iqfr(¥
dimension iel{3,*),co0r(2,*)
dimension dv2(4) r(12,*
dimension cbg(2,*).dbg(*),I1bg(3,*)
dimension near&< xn) neéarl(mxn),howf(mxn), howfl (mxn)
dimension ncheck(mxn)
¢ *** transformations stretched-unstretched
C
xtr(xq,yq,ax,ay,alph) = alph*ax*xq-ay*yqg
ytr(xgq,yq,ax,ay,alph) = alph*ay*xqg+tax*yq
xba(xq,yq,ax,ay,alph) = (ax*xqgt+tay*yq)lalph
yba(xqg,yq,ax,ay,alph) = -ay*xg+ax*yq
C
aw = 1.1
kount = 0
fac =1.25
do 570 ik=1I,node
ncheck(ik)=-100
570 continue
C
c *** set up ncheck values for region
C pok:QBO ik=1,nonf
k= ipfr (ik)
ncheck(kl)=2
580 continue
C
disw = 0.0
C .
160 continue
ni = nonf
161 contlnue
kn = iqfr(ni
knl = ipfr(ni
xn = coor(l kn
yn = coor(2,kn
xnl = coord, knl
ynl = coor(2,knl
xmp = 0.5%(xn+xn]
ymp = 0.5*(yn+ynl
call getsp(xmp,ymp,r, ,nv,neg,chg,lbg,dbg,dv2)
s?a - dv2(l
alph = dv2(2
anx = dv2(3
any = dv2(4
170 continue
xnf = xba(xn,yn,anx,any,alph
ynf = yba(xn.yn.anx.any alph
xnlf = xba(xnl an anx ,any,alph
ynlf = yba(xnl,ynl,anx,any,alph
x12f = xnf xnIf
yl2f =
aIenIf=5(irtXxIZf*xI2f+yI2f*yI2f)
xdl = xn
ail = sqr (de*de+ydI*ydI2
if(all.It,aw*disw) goto 16
diswl=0.0 o ] ,
call order(ni,ipfriiqfr,coor,disw,diswl)
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goto 161
continue

tolel=0.00001*alenlIf
find out average spacing

aver = spa
x12=xn-xnl

alenl=sqgrt(xl2*xl2+yl2*yl2)

create a new node

safety

facto

Ff(Ede'gtl2!o*alenlf) dside=2.0*alenlf
if(dside.lt.0.55%alenlf) dside=0.55*alenlf

twod2=2.0*dside*dside
xbarf=0.5*(xnf+ xnlf)
ybarf=0.5*(ynf+ynlf}
xdiff=xnf-xnlf
ydiff=ynf-ynlf
dkarg=xdiff*xdifftyd iff*ydiff
dl2=sqrt(dkarg)
hkarg-0.5*twod2-0.25*dI12*d12
hk=sqgrt(hkarg)

dl2=1./d12
xchf=-hk*ydiffrdl2

ycbhf= hk*xdiff*dl2
xtempf=xbarf+xchf
ytempf=ybarf+ychf

temp=xtr(xtempf,ytempf,anx,any,alph)
ytemp=ytr(xtempf,ytempf,anx,any,alph)
loop over possible nodes - find closest
a=ynl-yn

b=xn-xnl

c=(xnl-xn)*ynl+ (yn-ynl)*xnl
radius=dside

hl=0.8*radius

inum=0

do 110 kp=1Il,nonr

ken=nregi(kp)
if(ken.eqg.kn.or.ken.eqg.knl) go to 110

xken=coor(l,ken)
yken=coor(2,ken)

if(a*xken+b*yken+c.le .0.0) goto 110

xkenf=xba(xken,yken,anx,any,alph)
ykenf=yba(xken,yken,anx,any,alph)
xdiffl-xkenf-xtempf
ydiffl=ykenf-ytempf

distf=sqgrt(xdiffl*xdiffl +ydiffl*ydiffl)

if(distf.gt.hi) go to 110

inum=inum+1

howfl (inum)=distf
nearl(inum)=ken
continue

decide which of the nodes is chosen

llnum %t rraﬁn} stop ' triang: increase mxnl

do 599 i=1l,inum

comp=1l.e+6

do 598 j=1,inum
if(nearl(j).eq.0) goto 598
if(howfl (j).gt.comp) goto 598
is-j

comp=howfl(ji

order

neighbours

them

r
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599

* ok

601

* ok ok

* ok ok

410

continue
near(i)=nearl(is)
how f(i)=howfl (is)
nearl(is)=0
continue
add the new point
inum=inum +|
near(inum)=0
howf(inum)=0.0
endif

select w > start by the closest

do 601 i=1,inum
kp=near(i)
if(kp.egq.0) then
Xp=xtemp
yp=ytemp
else
xp=coor(l,kp)
yp=coor(2,kp)
endif

see if this connection is possible

call possib(knl, kn,kp,xnl,ynl,xn,yn,xp,yp,nonf,
nontr,ipfr,igfr,nregi,coor,iyon)

if(iyon.eq.0) goto 601
goto 603
continue

we are in trouble P1DIDI
find the 30 existing nodes that give maximum angle

inum =0

angl=0.0

do 210 kp=l,nontr
ken=nregi(k

i f(ken.e kn or.ken.eq.knl) go to 210
xke(n cooqr(l ken) 1-knl) 8

if(a*xken+b*yken+c.le.0.0) goto 210
see if this connection is possible

call possib(knl,kn,ken,xnl,ynl,xn,yn, xken, yken,
nonf,nonr,ipfr,lqgfr,nregi,coor,iyon)

if(iyon.eq.0) goto 210
xkenf=xba(xken,yken,anx,any,alph)
ykenf=yba(xken,yken,anx,any,alph)
xdiffl=xkenf-xnlf
ydiffl=ykenf-ynlf

xdiffz-xkenl xnf

distf I-sqrt xd|ff|*xd|ff1+ydiffl*ydjff1
distf2=sqrt(xdiff2*xdi f_f2+\yd|f,f2* diff2

cosa=( xd fil*xdiff2+ydiffl ydlff2¥/ (distfl*distf2)
if(cosa. qt 1. 03 cosa-1.0

if(cosa.lt.-1.0) cosa=-1.0

an I:acosg 05a)

|f(gangl I't.angl) go to 210

howf(inum+1)=angl
near(inum+1)=ken

if(inum.eq.0) goto 311
do 310 i=1l,inum

k=i

angi=howf(i)
if(fangi.gt.angl) goto 310
do 410 j-l,inum -k
I=inum -]
near(l+1)=near(l)
howf(l+1)=howf(l)
continue

to

the

list
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near(k)=ken
howf(k)=angl
goto 311
310 continue
311 continue
if(inum .1t.30) inum=inum+]|
if(inum.eq.30) angl=howf(30)
210 continue

¥rrooselect o > start by the closest

if(inum .eq.0) goto 703

wfar=1.e+6
do 701 i=1l,inum
kp=near(i)

angi=howf(i)
xp=coor(l, kp)
yp=coor(2,kp)

¥** check now the size

xpf=xba(xp,yp,anx,any,alph)
ypf=yba(xp,yp,anx,any,alph)

dl=sqgrt((xpf-xnlf)**2+ (ypf-ynlf)**2)
d2=sqrt((xpf-xnf)**2+ (ypf-ynf)**2)
di=max(dl, d2)
if(di.lt.wfar) then
kpl=kp
wfar=di
endif
701 continue
kp=kpl

xp=coor(l, kp)

yp=coor(2,kp)

goto 603
703 continue

print *,1 cannot find the connectivity'
¥** try another side

diswl=1.01*%alenlIf

call order(nl,ipfr,igfr,coor,disw , diswl)

goto 161

603 continue

*** check differences of spacing,

xmx = 0.5*(xmp+xp)

ymx = 0.5*(ymp+yp)

spl = aver*alph

call getsp(xmx,ymx,r, ,nv,neg,chg,lbg,dbg,dv2)
spa - dv2(1)

alph = dv2(2)

anx = dv2(3)

any = dv2(4)

sp2 = spa*alph
if(spl.gt.fac*sp2) then

kount - kount+1
if(kount.le .2) goto 170
endif

*hk nothing wrong with it

kount=0
indic=1
knear=kp

if(knear.ne.0) indic=0

if(indie.eq.0) go to 620
node=node+|
coor(l,node)=xp
coor(2,node)=yp

nonr=nonr+|
nuno=nonr



620

320

330

300

350
400

nregif J=node
knear=node
ncheck(knear)=-100
continue

form element

nelem=nelem+|

ie I(1,nelem)=knl
ie I (2,nelem)=kn

ie I(3,nelem)=knear

nk=nk+l

if(nk/20.eq.1) then

nk=0

write (*,11) nelem,node,ni

format!' nelem = "',i5," npoin = ",i5," nsfr =
endif

update front and active nodes

ni2=nl+|

igfr(nl2)=kn

igfr(ni)=knear

ipfr(nl2)=knear

if (ncheck(knear).lt.0) ncheck(knear)=0
ncheck(knear)=ncheck(knear)+2

nonf= 12

delete sides from active list
ncht=0

npass=1I

ntop=knl

nbot=knear

marker=0

knon=nonf-2

do 300 kp=1Il,knon
ktop=1ipfr(kp)
kbot=1iqfr(kp)
if(marker.gt.0) go to 330
if((ktop.egq.nbot).and.(kbot.egq.ntop)) go to 320
go to 300

marker=|

nonf=nonf-2
ncheck(ktop)=ncheck(ktop) -2
ncheck(kbot)=ncheck(khot)-2

ncht=1
go to 300
kpl=kp-I

ipfr(kpl)=ktop
ig fr(kpl)=kbot
continue

npass=npass+|
if(npass.gt.2) go to 340
if(markerlegq.0) go to 350
ipfr(nonf)=knear
igfr(nonf)=kn

marker=0
knon=knon-I
go to 400

knon=knon+|
ntop=knear
nbot=kn

go to 360
continue

remove nodes from active [list

if(ncht.eq.0) go to 370
ired=20

knon=nonr

do 380 kp=1I,knon
kkn=nregi(kp)
NN-rnphlp VIW i
if(kch.ne.0) go to 390

\i5)
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ired=1ired+1
go to 380
390 kpl=kp-ired
nregi(kpl)=nregi(kp)
380 continue
nonr=knon-ired
370 continue
if(nonf.gt.0) go to 160

return
end

subroutine conid(npoin,nside,iside, lIcoor,lcoid, coord, strec,
r, ,nv,neg,lbg,chg,dbg)

parameter(pi=3.14159265358979328462)

dimension iside (4,*%), Icoor(*) lcoid(*)
dimensijon coord(2,%*),s c(4,%)
dimension r(12,*),cbg ( )1Ibg( *),dbg(*),d2(4)

xba(xq,yq,ax,ay,alph)=(ax*xqt+ay*yq)lalph
yba(xq,yq,ax,ay,alph)=-ay*xq+ax*yq

*** interpolate the mesh parameters,

do 500 i=1Il,npoin

x=coord(1,i)

y=coord(2,1i)

call getsp(x,y,r, nv,neg,cbg,lbg,dbg,d2)

strec (1,i)=d2(1)
strec (2,i)=4d2(2)
strec (3,i)=4d2(3)
strec (4,i)=1d2(4)

500 continue

*** finds out the optimal number of connectivities for each node,
do 1000 ip=1Il,npoin
lcoid (ip)-6

1000 continue

¥** search for a side in the boundary to start,

do 2000 is=1I,nside

ie = iside(4,is)
if(ie.eq.0) then
ib = iside(l,is)
ic = iside(2,is)
goto 2001

endif

2000 continue
2001 continue

imemo = ic

4000 ia=1ib-lcoor(ic)
alph=strec(2,ic)
anx=strec(3 ic)

any=strec (4 ,ic)

xlr=coord(l,ib)-coord(1,ic)
ylr=coord(2,ib)-coord(2,ic)
x2r=coord(1l,ia)-coord (1 |c)
y2r=coord(2,ia)-coord(2,ic)
xI:xba(xlr,y\r,anx,any,alph)

yl=yba(xlr,ylr,anx,any,alph)
x2=xba(x2r,y2r,anx,any,alph)

coMa-txI*x2+yl*y27r/isqgrtAMxl*xl+yl*yl)*sqri<x2*x2+y2*y2))

divi=(3.*theta/Pi)+0.5 —
lcoid (ic)=divi
if(lcoid (ic).1t.1) lcoid((ic)=1



c*
c*
c*

172

ib=ic
ic=ia
if(ic .ne.imemo) goto 4000

100

*

*

*

return

end

[getsp] gets the mesh parameters at a point in the parameter *
plane by interpolating from the previous triangulation and *
conswdermglthe usrface mapping §
subroutine getsp( ,V,r, ,nv,neg,chg,lbg,dbg, d2)

dimension r(12,*),rl(12),r2(12),r3(12),r4(12),r5(9)
dimension chg(2,*),Ibg(3,*),dbg(*) ,d2(4)

determinant function
deter(pi,gl,p2,q92,p3,g3)=p2*q3-p3*q2-pl*q3+p3*ql+pl*q2-p2*ql

computes the tangent vectors to the surface at ( ,V)

iu = int()

iv = int(v)
if(iu.eq.(nu-1)) iu = iu-1
if(iv.eg.(nv-1)) iv = iv-1
ul = u-iu

vl o= vy

ipl = iu+tivinu+l|

ip2 = ipl+1

ip3 = ipl+nu

ipd = ip3+1

do 100 id-1,12

rl(id) = r(id ,ipl)

r2(id) = r(id,ip2)

r3 (id) = r (id, ip3)

rd (id) = r(id,ip4)
continue

call fgsurf(2,rl,r2,r3,r4 ,ul,vli,r5)
rpl - 15 (1)

rp2 - 15(2)

rp3 = 15 (3)

rul = r5(4)

ru2 = rb5(5)

rud3 = rb5(6)

rvli = r5(7)

rv2 = rb5(8)

rvd = 15(9)

searches over the elements of the background mesh

ac = -l.e+30
do 200 ie=1l,neg
k1 = 1bg(1,ie)
k2 = 1bg(2,ie)
= 1b e
Kl =chall
=
:8 y
= cpo(lk
= chg(Z k

performs the box-test

bxl = min(xIl,x2,x3)
bx2 = min(yl,y2,y3)
bx3 = max(xl,x2,x3)
bx4 = max(yl,y2,y3)

if(bxl.gt.u) goto 200
if(bx2.gt.v) goto 200
if(bx3.1t.u) goto 200
if(bx4.1t.v) goto 200

computes the shape functions
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ar = deter(xl,yl,x2,y2,x3,y3)

ar = l.lar
al = deter(u ,v ,x2,y2,x3,y3)*ar
a2 = deter(xl,yl, Vv 1x3,y3)*ar
a3 = 1.-al-a2
am = min(al,a2,a3)
if(am.gt.ac) then
o=kl
2 = k2
33 = k3
ac = am
bl = al
2 = a2
3 = a3l
endif
iftac.ge.o.) goto 300
200 continue
300 continue
*** jnterpolates the spacings
spc = bi*dbg(jl)+ 2*dbg(j2)+ 3*dbg(j3)
*** calculates first fundamental form of the surface
e = rul*rul+ru2*ru2+rud*rus
f = rul*rvi+ru2*rv2+ruldtrv
g = orvi*rvi+orv2rfrv2+rv3trvi
LA eigenvectors and eigenvalues.
f2 = frf
emg = e-g
a =0 .5 *(e+g)
= sqrt(0.25*emg*emg+f2)
eigl = a+h
eig2 = a-b
emax = max(e,g)
epsi = abs(eigl-emax)
if(epsi.lt.1.e-03) then
if(e.ge.g) then
eigl = e
eig2 = g
v2l  =0.0
v22  =1.0
else
eigl = g
eig2 = e
v2l = 1.0
v22  =0.0
endif
b f I "Isqrt(f2+em2*em2)
v21 o= - fr 2
V22 = em2*b2
endif
*** 2d mesh parameters
spl = speclsqrt(eigl)
sp2 = spclsqrt(eig?2)
strec = sqrt(eiglleig?2)
d2 (1) = spl
d2(2) = strec
d2 (3) = v21
d2(4) = v22
eturn
end
(spline] finds the tangents in the points defining a ferguson
splines, ib is an indicator of the end constraints.
ib = 1 e specified tangents: t(l),t(n).

13
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ib = 2 ————— zero second derivatives. *
note: the number of points is . the tridiagonal system of -2 *
equations is solved by gauss elimination . backsubstitution. *
subroutine spline(ib, ,r,t,aux)

dimension aux (*),r (*),t (*)

*rroofirst o orow o= 2. ib =1 > [ 4, 1] ; ib = 2 > [ 3.5, 1]
if( .le.l) then
pause ' spline: =1 wrong number of points’
else if(n.eq.z) then
teh)y = r(2)-r (1)
t(2) = t(l)
else if( .eq.3) then
if(ib .eq.1) then
t(2) = 0-25*(3-*(r(3)-r(\))-l(|)-l(3))
t(l) = -1.25%r(l)+1.50*r(2)-0.25"%*r(3)
t(2) = -0.50*r(1) +0.50*%r(3)
t(3) = 0.25*r(1)-1.50*r(2)+1.25%r(3)
of,.
if(ib.eq.l) then
bet = 4.0
rv o= rv-t(l)
rv o=_rtv -5 (r(2)-r(1))
endif
t(2) = rvibet
¥¥X* rows of the type [1, 4, 1]

do 100 j=3, -2
aux(j) - 1./bet
bet - —aux(j)
\f(bet pause ' error in spline: zero pivot'

(i

2)
rv:S.*(r(+)(|))

t(j-

(r 1) )ibet
1(D conllnue

Kk , :
) last row i = n-1 ib =1 -> [ 1, 4] ; ib =2 -> [ 1, 3.5 ].
aux(n-1) = 1./bet
v = 3t (r () (o-2))
if(ib.eq .l) then
bet = 4.
rv o= rvo-t()
3.5
rv. = rv-1.5%(r( )-r(n-1))
endif
bet = bet-aux(n-I)
if (bet.egq.0o.) stop ' error in spline: zero pivot'
t(n-1).= (rv-t( -2))/bet
* K %

backsubstitution.

do 200 j= -2,2,-1
tep) "t (f)-aux (j+1) 2t (j+1)
Z(D continue

*** end values when ib = 2.

if(ib .eq.2) then

t(r)y = 1.5% (r(2)-r (1 ))-0.5%*t(2)
t(n) = 1.5%(r( )-r(n-1))-0.5%t(n-1I)
endif

endif

return

end
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subroutine coeff(ndim ,rl,r2,al,a2, a3, a4,ab, rumin)
¥** this sub. computes the coeficients of the polynomial [r"'"1%*2

dimension rl(2*ndim ), r2(2*ndim)

al = 0.0
a2 = 0.0
a3 = 0.0
ad = 0.0
a5 = 0.0
ami = 0.
am2 = 0.

do 1000 id=1,ndim
id!l = id+ndim
rl2 = rl(id)-r2 (id)

1

al = al+pp

a2 = a2+2.*prt

a3 = a3+ trt+r2.*p*ts
ad = ad+2.*trs

ab = ab+s*s

ami = aml+pp

am2 = am2+qq

1000 continue

rumin = min(aml,am2)

rumin = sqrt(rumin)

return

end

subroutine lengt(in,al, a2,a3, a4, a5, ul, 2, ,eps)

*** this sub. computes the length of a segment of a cubic,

parameter(nit=20)

epsl = eps
0s = -l.e+30
fl = sqgrt(al+ul*(a2+ul*(ad3+ul*(ad+ul*ab))))
f2 = sqrt(al+u2*(a2+u2*(ad3+u2*(ad+u2*ab))))
21 = 2-ul
St = 0.5%u21*(fl+f2)
ost = St
kt = 1
do 200 it=1,nit
thm = kt
del = 21/tnm
X = ul+0.5*del
sum = 0.0
do 100 jt=1,kt
sum = sum+sqgrt(al+x*(a2+x*(a3+x*(ad+x*ab))))
X = x+del
100 continue
St = 0.5*%(st+u2l*sumitnm)
3.
if(in.eq.0) epsl = eps*abs(os)
if(fabs(S-0S).le .epsl) goto 300
0s =
ost = St
200 continue
stop ' lengt: number of iterations exceeded’

300 return
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end

subroutine markp(al,a2,a3/a4,a5/rumin,ul, 2,si)

¥** this sub. calculates the position 2 of a point on a f.s. such that
the length of the cubic segment ul, 2 is si.

parameter(nit=20)

epsl = l.e-03

eps2 = rumin*epsli*l.e-02

If = sqr(alju2*(a2+u2*(a3+u2*(a4+u2*a5))))
2 = 2+ ss|ff

|f(a S( 2-ux ) Ie epsI) goto 200 ,

call lengt(L,al,a2,a3, a4, a5,ux, 2,vi,eps2)
§S = §S-VI

ux = 2

100 continue

stop 1 markp: number of iterations exceeded"’
200 return

end

subroutine sfgeo(npg,ngs,r)

*** gijven the coordinates of the generated points on the surface,
calculates the parameters defining the ferguson splines,

parameter(naux=4000 ,ndim=3)

dimension r(12,1)
dimension vi(naux),v2(naux),v3(naux)

if(npg.gt.naux.or.ngs.gt.naux) pause 1 sfgeo: increase nauxl
*** interpolates ru in the direction.

do 400 id=1,ndim

idl = id+ndim

do 300 ig=1I,ngs
no = (ig-I)*npg
do 100 ip=1l,npyg
ik = ip+n0

vi(ip) = r(id ik)

100 continue
call spline(2,npg,vi,v2,v3)
do 200 ip=1I,npg
ik = ip+n0
r(id I, 1k) = v2(ip)
200 continue
300 continue
400 continue

*** jnterpolates rv in the V direction,

do 800 id=1I,ndim
id2 = id+2*ndim
do 700 ip=1l,npyg
do 500 ig=1I,ngs
ik = ip+(ig-1)*npg
vIi(ig) = r(id , ik)
500 continue

call spline(2,ngs,vi,v2,v3)
do 600 ig=1,ngs
ik = ip+(ig-1)*npg
r(id2,ik) = v2(ig)

600 continue
700 continue
800 continue



1

interpolates ruv.

do 2000 id=1I,ndim

idl = id +ndim
id2 = idl+ndim
id3 = id2+ndim

| interpolates in the V direction,
do 900 ig=1,ngs

ik = (ig-l)*npg+I
viIl(ig) = r (id1, ik)
900 continue
call spline(2,ngs,vl,v2,v3)
do 1000 ig=1,ngs
ik = (ig-I)*npg+|
r(id3,ik) = v2(ig)
1000 continue
do 1100 ig=1I,ngs
ik = ig*npyg
vi(ig) = r(idl,ik)
1100 continue
call spline(2,ngs,vl,v2,v3)
do 1200 ig=1,ngs
ik = ig*npyg
r(id3,1k) - v2(ig)
1200 continue
¢ KEE ! interpolates in the direction,
do 1500 ig=1I,ngs
no = (ig-l)*npg
do 1300 ip=1l,npg
ik = nO+ip
I(ip) = r(id2,ik)
1300 continue
v2(1) = r(id3,n0+l)
Snpg) r(id3,n0+npg)
[ I|ne(1npg vIv2,v3)
d 1400 ip=2,, npg-1
ik = nO+ip ,
r(id3,ik) = v2(ip)
1400 continue
1500 continue
2000 continue
¢
return
end
¢
¢
¢
subroutine fgsurf(ider,rl,r2,r3 14, V,r)
C*** expression of a ferguson surface patch and its derivatives,
in the vector r are stored the values: r, ru, v, ruv, ruu, Iw
c
; (01) (L1)
¢
¢ la 41 AV
¢
2 |
: 1 S —
; (00) (1,0)
¢
parameter(ndim=3 ,nd4=4*ndim, nd6=6*ndim)
¢

dimension rl(nd4),r2(nd4)1r3(nd4),rd(nd4),r(nd6)

do 1000 id=1I,ndim

id!l = id +ndim
ia2 = idl+ndim
id3 = id2+ndim
id4 = id3+ndim
id5 = id4+ndim
gl = (id)

ql2 = r3 (id)

ql3 = ri(id 2)
ql4 = r3(id2)
g21 = r2(id)



q22 = r4(id)

423 = r2(id2)

q24 = r4(id2

g3l = rl(idl

q32 = r3(idl

q33 = rl{id3)

q34 = r3(id3)

g4l = r2(idl

q42 = rd(id|l

q43 = r2 (id3

q44 = r4(id3

sio= -3.%ql+3.%ql2-2.%ql3-ql4
§2 = -3.*q2143.%q22-2.%q23-q24
S3 = -3.%q31+3.%q32-2.%33-q34
54 = -3.*q41+3.*g42-2.*q43-q44
tl = 2.%qll-2.*ql2+ql3+ql4

t2 = 2.%q21~2.*q22+q23+q24

t3 = 2.%q31-2.*q32+033+q34

td = 2.%041-2.*q42+q43+q44

all = qll

al2 = ql3

al3 = si

ald = tl

a2l = q3l

a22 = g33

a23 = 83

a2d = 13

a3l = -3.*qll+3.*q21-2.*q31-q41
a32 = -3.*q13+43.%023-2.%033-q43
a3d3 = -3.*s| +3.*52 -2.*s3 -4
a34 = -3 . *tl +3.%t2 -2.*t3 -t4
adl = 2.*qll-2.*q21+q31+q4l
ad2 = 2.*ql3-2.%q23+q33+q43
add = 2.*s| -2.%s2 +53 +s4
add = 2.%tl -2.%t2 +13 +t4

sio = all+v*(al2+v*(al3+v*ald)
$20 = a2l+v*(a22+v* a23+v*a242
$30 = a3l+v*(a32+v*(a33+v*a3
s40 = adl+v*(ad2+v*(ad3+v*ads

r(id) = sio+u*(S20+U*(s30+u*s40))
if(ider.eq.0) goto 1000
r(idl) = S20+U*(2.* 30+ *3.*540)

sio = al2+v*(2.*al3+v*3.*ald

= Q22+v*(2.*a23+v*3.*a24
S3 = a32+v*(2.*a33+v*3.*a34
4 = ad2+v*(2.*ad3+v*3.*add)
r(id2) = sl+u*( 2+ *(s3+u*sd))
r(id3) = s2+u*(2.*s3+u*3.*s4)

if(ider.eq.1) goto 1000
r(id4) = 2.*s30+u*6.*s40
2. *al3+v*6.*al4

= 7 %a)3+V*6.%a24
$3 = 2.%333+v*6.*a34
s4 = 2.*a43+v*6.*a44
r(ids) = sl+u*( 2+ *(s3+u*s4))
continue
return
end

subroutine fgcurv(ider,ndim,rl,r2, ,r)

178
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¢ *** expression of a ferguson curve segment,
c
. dimension rl(3*ndim),r2(3*ndim), r(3*ndim)
do 1000 id=I,ndim
c
idl = id+ndim
id2 = idl+ndim
rl2 = r2(id)-rl(id)
' | * * %
a4 = -2'.§rIL2+" H’(ldl3)+r2(|dl)
[Eld_) = al+y*(a2+u*(ad+u*ad))
if(ider.eq.0) goto 0
[%Id|) = a2+U*(2.*a3+3. *u*ad)
it(ider eg.l) goto 1000
r(id2) = Z2.*a3+6.*u*a4
c
1000 continue
c
return
end
C* *
¢*  [locuv] calculates the coordinates ,Vin the parameter plane *
8t of a point on a Ferguson surface glven by its 3D coordinates *
subroutine locuv(np,xp,xl, —,nv,r)
c
parameter (nd4=12,nit=150)
dimension r(nd4 *), rI(nd4) r2(nd4),r3(nd4), rd(ndd), r5(nd4)
dimension xp(3,*):x1(2,%)
common /spa spacspmln
epsl = l.e-10
eps2 = l.e-05
epsd = 1.e-15
anu = nu-1
anv. = nv-1
SC 0.2
do 3000 ip=lnp
= xpgl,lp
y = Xp(2,ip
Z = Xp(3,ip
c
¢ *** initial guess:( ,v) of the closest support point
dmn = Ie+27
do ipl=1, *V
Xm = rgl,lpl% X
ym = 1 (2,ipl)-y
m=r(3,ipl)-z
dt = s?rt(xm*xm+ym ym+zm*zm)
if(dt. It dmn) f
dmn = t|
ipk =i
encﬂf d
22 continye
v = (ﬁk N/nu+l
iU = ipk-(iv-1)*
un = ju-1
vn = |v-l
c
¢ *** jteration for finding the local coordinates
do 1000 it=1,nit
i = int un;
|¥:|ntE/n1). -
iu.eq.(nu U = ju-
|f((|v eqq( 1;) v = iv-1
ul” = un-iu
vl o= yn-jv
ipl = futiv¥nu+l
ip2 = ipl+!l
ipd = ipl+nu
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distance between current point and target point

drx = x-rxn
dry = y-ryn
drz = z-rzn
drm = sqrt(drx*drx+dry*dry+drz*drz)

end of iteration check in global coordinates
if(drm.1t.0.0001*spmin) goto 2000

calculates the projected vector in the tangent Flane
and the direction of advance in the parameter plane

rux*rux+ruy*ruy+ruz*ruz

rvx*rvx+rv¥*rvy+rvz*rvz
e.le.eps2) then
un = 0.

dvn = (drx*rvx+dry*rvy+drz*rvz)lg
else |f(%.le.ep32) then

¢
i

o~ |1 |11

gun = 0drx*rux+dry*ruy+drz*ruz)/e
vn = 0.
else if(e.gt.eps2.and.g.gt.eps2) then
dun = (drx*rux+dry*ruy+drz*ruz)/e
dvn = Edrx*rvx+dry*rvy+drz*rvz/g
elwrite(*,30)
sto
endif

end of iteration check in local coordinates

tol = sqrt(dun*dun+dvn*dvn)
if(tol.I't.eps2) goto 2000

new position

un+sc*dun
vntsc*dvn
max(un,0.0
max(vn,0.0
m[n%un,anu
= min(vn,anv
continue
write(*,20)
continue ) ) )
if(drm.gt.0.01*spmin) write)*,10) drm,ip
x1(1,ip un

X 1(2,ip
continue

—
=
[ A R ]

vn

format(" facet-war > distance = ',£8.5, 1 for point ',i5)
format(//," facet-war > subroutine locuv',/
number of iterations exceeded’)

format)//," facet-err > subroutine locuv',/,
' null tangent vectors')

return
end
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C * k%

subroutine inter(iin,xl,yl,x2,y2,x3,y3,X, V)

determinant function

deter(pi,ql,p2,q2,p3,q3)=p2*q3-p3*q2-pl*q3+p3*ql+pl*q2-p2*ql

area2s= deteM

if

subroutine possib(knl,kn,kp,xnl,ynl,xn,yn, p

this subroutine finds out whether connection whith point kp

(area2.

X
1

p,nonf,
on

nonr,ipfr,igfr nregi,coo 3 )

is possible iyon=Il or not iyon=0
dimension nregi(L)wipfr(L),igfr (1) 1coor(2,1)

iyon=|

loop over the front nodes
do 1000 it= I nonr

* nreg

n
1k
k
h

)

0r.kj.eq.kn.or.kj.eq.kp) goto 1000

check if the point is interior

call inter(iin, xnIanxnyn Xp,yp,xt,yt)
if(iin.eq.0) goto

Iy

r

on=0
eturn

continue

equation of the mid-base  kp line
xmb=0.5*§xn|+xn;

ymp=0,5*

as= ymby
bs=xp-xm
cs=(xmb-xp)*ymb+(yp-ymb)*xmb

loop over

ynl+yn

the front sides . check for intersection

do 2000 ir=l,nonf

"
II
_Q
—h-
—
—~¢D

fr(u
Gerlin

) goto 2000

?oto 2000
0 2000
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C
2000

[ M ar]

(e Nl

|= at*xmb+bt*ymb+ct
2=a xp+bﬁyp+m

3= as *xntl+bs*yntl+cs
4=as*xnt+bs*ynt+cs

sigl=sl*s2
$1g2=53*s4

i f( SI§| .gt.0.0.0r.sig2.9t.0.0) goto 2000
iyon

return

continue

return
end

500

k%%

k%%

subroutine smoot(ndimn,nnode,nelem,npoin, nsmoo,

Icoor,Icore,intmat,coord,coor0)

dimension ¢ *), coor0(2 *)
dimension rdlvn 0 , ,3
dimension Icoor *) core (*)
dimension intmat(3,*),node(6)

ndivn=30
do 500 idivn= I ndivn

rdivn(idivn)=1./real(idivn)
continue

smooth out the grid in nsmoo steps
if(nsmoo.eq.0) goto 10001

do 10000 ismoo=I,nsmoo

set coor0=0

do 1200 ip=I,npoin

do 1201 id=.2
coorO(id,ip)=0.0

continue
continue

« loop over the elements

2101
2100

do 2000 ielem=1I,nelem

do 2100 ic=lI, nnode

in= mtma%|0|ﬂem)

do =|.ndimn

x( ic, |3 coord(id,in
X(nnode+ic,id)=coord(id, in

continue

node(ic)=in
continue

do 2200 ic=l,nnode
ne.0) goto 2199
L.

dimn o
coor0(id,in)+x(ic+jc,id)

=

coorO(id,i
continue
continue
continue
continue

continue

do 3000 icoor=|,np
|fUcoorUcoor)n
is=2*|corg(icoor)
cn=rdivn(is

0in
.0) goto 3000
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do 3100 id=l.ndimn o
coord(id,icoor)=cn*coor0(id,icoor)
3100 continue
3000 continue

C
10000 continue
10001 continue
C

return
end

o

subroutine order(nl,ipfr,igfr,coor,disw, diswl)
dimension ipfr(1),iqgfr(l),coor(2,1)

disw=1].e+6

do 1000 il=1,nl

k

|
il
g
2
ik 90;’;5

[2+yl2*y12
) gotoyldko

dis= sqrt(%
t )" goto 1000

if(dis.

i f(dis.g
iwh=il
disw=dis
iq=kn
ip=knl

1000 continue

*
is
Jdis

Eéx

c
¢ *** swap values

return
end

subroutine bound(npoin,nelem,lcoor,intmat)

()

dimension Icoor(npoin),intmat(3,nelem)

this subroutine finds out the boundary points
[coor(ipoin).eq.0 --> interior
lcoor(ipoin).ne.0 —->boundmy

oo O oo

do 1000 |p l.npoin
lcoor(ip)-0

1000 continue

C *** loop over the elements

do 2000 ie=I,nelem
do 2001 in=13
|nI intl

%Inl ?t inl=inl-3
|f(|n2 gt.3) |n2 in2-3
ip=intmat(in, ) o o
IcoorUp)zl of(ip)tintmat(in2,ie)-intmat(ini, ie)

Q}E)conu

continue
return
end



O

subroutine conre(npoin,nelem,intmat,lcore)

dimension intmat(3,nelem),lcore(npoin)

do 1000 |p l,npoin

lcore(ip)=0
continue

do 2000 ie=I,nelem

do 2001 in=13
ip=intmat(in, ie)

Icore(ip)=Icore(ip)+l

continue
continue

return
end

[ M ar]

*k*k

o

1490

1500

C
[ kw*

1600

C
[ FEH

1690

1701
1700-

C *k*k

C
[ Frk

3001

subroutlne sides(nelem,npoin,iloca,intmat,iside,Iwher, lhowm,

dimension intmat
dimension lwher(

fill in Ihowm

[howm(ip)=0
continue

icone)

Jside(4,1)

i
), Thowm! 1) icone (1)

n

r. of elements per node
do 1490 ip=I,npoin

do 1500 je=l,nelem

do 1500 in=13

Iﬁo$wm€fqﬁow%(m)

continue
fill in Iwher .

lwher(1)=0

location of each node inside icone

do 1600 ip=2,npain
lwher(ip)-lwher(ip-1)+lhowm(ip-1)

continue

fill in icone

do 1690 |p l,npoin

[howm (ip) =0
continue

do 1700 ie=I,nelem

do 1701 in=13
R |ntmat(n, e) .
[howm(ip)=Ihow m
jloca=lwher(ip) +I
icone(jloca)=ie
continte
continue

+l
wm(

loop over the nodes

iloca=0

do 3000 ip=I,npoin

ilocl=iloca
iele=lhowm(i

. elements in each node

ip)

if(iele. eq(Og)goto 3000

initialize iside

do 3001 is=1l,iele+
iside(3,is+ilocl
iside 4|s+HocI
continue

iwher=lwher(ip)

)

4
=0

> important for boundary sides
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c *kk

3091
3092

C
C k%%
C
7303
3012
C
3100
3090

8000
C
3000

loop over elements surrounding the point ip

do 3090 iel=1l,iele
ie=icone(iwher+iel)

« find out position of ip in the connectivity matrix

do 3091 in=1,3

inl=in
ipt=intmat(in,ie)
|f(|pt eq ip) goto 3092
contin

connnue

do 3100 j=1,2

in2= |nl+{ _
33 in2=in2-3

if(in2
ipgzinﬁnatinZJe)

if(ip2.1t.ipl) goto 3100
check the side = > new or old

if(iloca.eq.ilocl) goto 7304
do 5600 is-ilocl+1,iloca

if(iside(2,is).eq.ip2) goto 7303
continue
continue

new side

iloca=iloca+l
iside(l,iloca)=ipl
iside(2,iloca)=ip2
m|d682+i iloca)-ie
goto 301

old side

continue
iside(2+],jloca)=ie
continue

continue
continue

do 8000 is=ilocl+I,iloca
if(iside(3,i: ) ne.0) goto 8000
3,is)=iside(4is
iside(4i
iside(l,i
iside(2,i
continue

|de(2|s)

continue

return
end

O OO

Kk
*kk
C

[ M)

subrounne swapdﬁn3|%e|5|d%|ntma ;corm
coid,coord, ,nv,r

dimension iside(4,*),intmat(3, )

dimension Icore )I00|d( ),c00rd(2,*)

dimension r(12,*

this subroutine swaps the diagonals to obtain a more
gven distribution of elements per node

deter(pi,ql,p2,92,p3,q3)=p2*q3-p3*q2-pl*q3+p3*ql+pl*q2-p2*ql
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1000 ichan=0

do 2000 is=I,nside
il=iside(l,is
i2=iside(2.is
iel=iside(3,is
ie2=iside(d is

C

¢ *** check for boundary sides
if(ie2.eq.0) goto 2000

C
¢ *** determine i3 & i4

c
do 5000 in=1,3
I?I In+|t 3) inl=inl-3
if(ini inl=in
5 |n+?
|f$n2 %IS) in2=in2-3
ipll=intmat(in, iel)
ipl2=intmat(ini, iel
|p|3=|ntmat0n2 iel o
|fg pll.eq.il.and.ipl2.eq.i2) i3=ipl3
ip2l-intmat in,ie2
[p22=|ntmat|n||e
|p23=mtmatUn2|e2 \
if(ip21.eq.i2.and.ip22.eq.il) i4=ip23
5000 continue

c
¢ *** find 'deficit' or 'superhavit' of connectivities

c
ihl=abs(lcore(il)-lcoid(il))
ih2=abs(lcore(i2)-Icoid |2
|h3-abslcor603 -lcoid(i
ihd=abs(lcore < 4)-lcoid(t
hfI:abs(Icore il)-1-1c 0|d i)
ihf2=abs(lcore(i2)- I00|d|2
|hf3=abs lcore(+3 +l [coid(X3
ihfd=abs(lcore(X4)+1-lcoid (X4

c

iactu=ihl+ih2 +i
ifutu= |hf|+|h ih
|f(|actu gt.i u%
iam= maX| I|2|
ifm=max Jih
if(iactu. e
if(iswap.e

*** check area

ul=coord(1,il)
vi=coord(2,il

3=coordng3
v3=coord(2,X 3)
ud=coord(1,i4)

if(deter uI,vI, 4,v4, 3,v3).l1e.0.0) goto 2000
2=coord(1,i2)

v2=c00rd 2J2)

if(deter( 3,v3, 4,v4, 2,v2).12.0.0) goto 2000

¢ *** curved surfaces: an additional checking

m. gt (ifm+1)) iswap=I

_Q_QD—D_

()

e

call getpt(ul,vl, ,nv,r,xl,yl,zl)
call getpt( 2,v2, ,nv,r,x2,y2,12
call getpt(ud,v3, ,nv,r,x3,y3,z3
call getpt( 4,v4, nv,r,xdiyd z4
all = 2-ul

al2 = 3- 4

a2l = v2-vl

a22 = v3-vd

bl = u3-u

dt = 1?0/(all*a22-al2*a21)



if(absgdt).lt.l e-06) %rint «10 error: wrong dtl
fl = dt*("a22*bl-al2*h2)
f2 = dt*(-a2l*bl+all*bh2)
if(f1.1t.0.0.0r.f1.9t.2.0) print -1+ error: wrong f1'
if(f2.1t.0.0.0r.f2.9t.2.0) print *," error: wrong f2'
= ul+fLEal
Vo= vl+f
call ¢
X2 =
yl2 =
d34 =
if(d3d.gt.dl
c
C *** swap
c
ichan=zichan+l
intmat(l,iel)=il
intmat(2,iel :[4
intmat(3,iel)=i3
intmat(l,ie2)=13
intmat(2,ie2)=i4
intmat(3,ie2)=i2
lcore(il)=lcore(il)-1
[core(t2)=lcore(+2)-1
lcore(id)=lcore(£3)+1
l[core(Xd)=lcore(t4)+1
C
¢ *** detect the sides il-i4 and i3-i2
c
istl=0
ist2=0 ,
do 4000 ist=1,nside
ilt=iside(l,ist
i2t=iside(2,ist : ) , )
*lf((llt.eq I ” nd. |t2t eq.id).or.(ilt.eq.id4.and.i2t.eq.il))
=i
*if((ilt.eq i3 a nd, |2t .q.i2) .or. (ilt.eq.i2.and.i2t.eq.i3))
=i
if(istl.ne. 0 and ist2.ne.0) goto 4001
4000 contlnue
print *,Llerror in swapdi '
stop
4001 continue ,
if(iside(3,istl eq ie2) iside(3,isth)=iel
if(iside(4,istl). q ie2) iside(d4,istl)=iel
if(iside(3,ist2).eq.iel) iside(3,ist2)=ie2
if(iside(d ist2 eq.iel) iside(d,ist2)=ie2
c
¢ *** ypdate iside
c
iside(l,is)=i4
iside(2,is)=i3

2000 continue

print 1002,ichan
1002 format(i6,” sides have been swapped')

if(ichan.ge.l) goto 1000

c

return

end
c
c
c

subroutine getpt(u,v,nu,nv,r x,y,z)
c

dimension r(nd4,1) ,rl(nd4) ,r2(nd4) ,r3(nd4) ,rd4(nd4) ,r5(nd4)
c

iU =int

v = int(w



188

if((iu.eq.f 1‘3; i = EU-%
if(iv.en. (nv- iv = iv-
' Uy
vl = v-iv
ipl = jutiv*nu+l
ip2 = ipl+l
ip3 = ipl+nu
ipd = ip3+l
do 100 Id=I,nd4
rl(id) = r(id,ipl
r2(id) = r(id,ip2
r3(id) = r(id,ip3
ra(id) = r(id,ip4
100 continue
S(all fgsurf(l,rl,r2,r3,rd,ul,vl rb)
:rS%l
y = r15<2
z=r5(3
return
end
c
c
c
subroutine eattr(npoin,nelem,nside,intmat,iside, Icoor,lposi,
* Iwher,lhowm'lcore, Icoid, icone, coord)
c
parameter(mxpoi= 000)
dimension |ntma£3, is |de( Icoor (1)
dimension lposi ; wher l;, ovvm
dimension lcore(1),lcoid(1l ,|c0ne1
dimension coord 2,1 leat(mxpoi)
c
¢ *** this subroutine removes the points where only three
¢ *** elements coincide
c
if(mxpoi.le.npoin) stop 1increase dimensions in eat 3s '
do 1988 i=I,npoin
1988 leat(i) =0
c
ntres= 0
kpoin=0
c
¢ *** loop over number of nodes
c
do 1000 ip=I,npoin
kpoin=kpoin+l
[posi(ip)=kpoin
c
¢ «++ if it's already been eaten leave it
if(leat(ip).ne.0) goto 1000
c
¢ *** if boundary point leave it
if(lcoor(ip).ne.0) goto 1000
c
¢ *** check number of elements
if(lcore(ip).ne.3) goto 1000
c
¢ *** a point with only three elements
c
ntres=ntres+|
kpoin= kpom I
Iposi(ip)=0
c
¢ =+ get the elements from icone
c
iloca=lwher(ip)
iel=icone(iloca+|
ie2=icone(ilocat2
ie3=icone(ilocat3
c
C *** get new connectivity point for iel from ie2
c

ipl= mtmatEl Jdel)
ip2=intmat(2, iel)



ip3=intmat(3,iel)

do 1002 in=1,3
ipt= |ntraat(|n |e%P . . . o
|f%lmtne|pl .and.ipt.ne.ip2.and.ipt.ne.ip3) ino=ipt

1002
¢ *** replace connectivity
do 1003 in=1,3 _
|f(|n nlat(ln iel).eq.ip) intmat(in, |eI)=|no
[core(intmat(i n |I))=Ic0re(|ntmat(|n|e ))-1
leat(intmat(in,iel))=1
1003 continue
do 1004 in=1,3
intmat(in,ie2)=0
intmat{in,ie3)=0
1004 continue
c
1000 continue
¢ *** transfer
c
do 2000 ip=| npoin
lcoor |I Icoorlp
lcore(il Icore
I00|d H 100|d|p
coordld I coordUdlp)
2001 contlnue
2000 continue
c
je=0
do 3000 ie=l,nelem
if(intmat(1,ie).eq.0) goto 3000
doloof in-1,3
fold=intmat(in, ie)
inew=Iposi(iold)
intmat(in,je)=inew
3001 continue
3000 continue
c
¢ *** get npoin and nelem
c
npoin=npoin-ntres
nelem=nelem-2*ntres
c
¢ *** output nr. of eaten points
c
print * 1 ** nr. of 3"s removed = ',ntres
c
¢ *** fill in iside
c
call sides(nelem,npoin,nside,intmat,iside,lwher, Ihowm, icone)
c
return
end
c
c
c
subroutine areach(npoin,nelem,intmat, coord)
c
dimension coord(2,npoin),intmat(3, nelem)
c
¢ *** determinant function

888

deter(pi,ql,p2,92,p3,q3)=p2*q3-p3*q2-pl*q3+p3*gql+pl*q2-p2*ql

irite”, 888) nelem
format(il2

do 1000 ie=lnelem
il=intmat(1, ie)



999 format(

y2:coord

if(deter(xl,yl,x2,y2,x3,y3).¢t.0.0) goto 1000
rint 1002, ie,il,xI,yl,i2, x2 y2 i3, x3/y3

1002 ?ormat(l area error in eemen

1' !
node 1= 115/ xI =" fio.5," yl ="' £10.5,/,
" node 2 =i, ¢ se@— .fi0.5," y2 =" £10.5, [,
3 ' node 3 ='/15; x3 =", f10.5," y3 =" 110.5,/)

isucc=|

C
1000 continue

c
¢ +++ output number of nodes and elements
c
print 228nP0|nneIem :
228 format( total number of generated points ,,i5,/
Ltotal number of Qenerated elements ',i5)
c
return
end
c
c
¢ . . .
subroutine rfiliv(ia, ,ival)
c
dimension ia()
c
do(l())OO III
ia iva
1000 continue
c
return
end
c* [glnum] generates the global mesh from individual mesh information
i subroutine glnum(nis Insf ,np ,ne ,lpnp,conp,kpnp, kpne
cosf, 1msf Iphs,ishs, Ipsp, cpsp, nspl,nsp2,
cost,Imst,nwed,nwfa)
c
parameter (naux= 20000) ,
dimension Ipnp(* conpf *),Ipbs(*;,lsbs*)
dimension kpnp(* ,kpne z,cosf(z,* ,Imsf(3,*
dimension cost 3 ), Imst(4,*), nwed(*),nwTa(*
dimension | s ),c ( *g,nspl(*),ns 2(%)
dimension rI( naux rI(l ),r2(12),r3(12),rd(12),r5(12)
dimension kpip(naux)
c
¢ «++« eps is the tolerance for |dent|fy|n% the corner points,
¢ the check is performed in terms of the 3D coordinates of
c the edges defined by user, therefore it depends on the
C accuracy of the given definition of the edges.
c
eps = l.e-05
c
¢ +++ first we deal with the vector contalnln% the points
¢ ?enerated on the edges of the surface, the new numbering
c S stored in the vector nwed.
c
e = kpnp(nis+1)-1
dggloo pp p(pge )-
nwed(lp) =0

if(isucc.eq.0) print «1-

the checking has been succesful !l

100 continue
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C
C
C

C
C

OO OOO

191

*** jdentifies the corner points by looping over the edges,
starts the numbering and store$ the 3D coordinates

N X N<< X _—"—" Q.5
oo oo o OO
RO RO RO — — N —
wo Il
TR T TR=
(=Y
= -
=
=
w
+
<

*** checks if the end points have been included in the list

1

1
.ne.0

0

}+ydﬂ*ydﬂ+zdﬂ*zdtn

J+yd12*ydt2+zdt2*zdt2)

200 continue
endif
if(inwl.eq.1) then
= np+

np = nptl
cost(l,np
cost(2,np ypl
cost(3,n 2pl
nwe Up@ = np
endif
if(inw2.eq.1) then
np = nptl
cost(l,np Xp2
cost(2,np yp2
cost(3,n p2
r&wfed(lpZI)) = np
|

xpl

endif
300 continue

*** numbers the rest of the points on the edges

d0|500||s=I,_n)|sI
ipl = Ipnp(is)+
|82 =IBnB&s+D-2

0 400 ip-ipl,ip2

np = nptl ,
cost(l,np) =conp(l,ip
cost(2,np) =conp(2,ip
cost(3,np) =conp(3,ip
nwed(ip) = np

400 continue
500 continue

*** now we deal with the vector containing the points
generated on the faces of the surface, the new nuiibering
Is stored in the vectornwed.

npgf = kpne(nsf+1)-1
dggGOO i§=|,%pgf )
nwfa(ip) = 0

600 continue



kK%

C
C
C
C
C
C

700
800

900

C
¢ kEk

1000

1100

1300

finds the global number, this is based the procedure
used to form the initial front for the faces,

the edges are ordered and the faces are closed, thus
the en

points of the edge are not taken into account
notation:

kpip .... is a pointer of the interior points on a face

nsf
S)
6§3I-I
is)-
sl ks?2

—_

ip2
ki
endit
do 700 ip=ipl,ip2-ikn, ikn
jpk P 1

nwfa(jpk) = nwed(ip)
continue

continue

kpip(is) = jpk+l

continue

finally numbers the interior points on the faces
and computes their 3D coordinates.

do 1300 is=1l,nsf
npu
npv

—_— =
TS o —

S O —h

O DO ——

—_—~

_ =
== IR LA T IO

=
=
@

—_—a—e——

——coror— 11

sfgeo(npu,npv
2oogi gi%l,ippz-

<<
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"o
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=ln=] -
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ey )
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o
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w
—
—
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=1
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1
i n=
=1

continue
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OO OO0

kK%

9ets the connectivity array for the surface trlanﬁulatlon
he local number of the points which appears in the array
Imsf ranges form 1 to the number of points in the face.

ne = kpne(nsf+1)-1

do 1500 is=I,nsf
|eI = kpne(is)

= kpne(is+1)-1

do 1400 ie=iel,ie?2
ipl = Imsf(l,ie
ip2 = Imsf(2,ie
ip3 = Imsf(3,ie
Imst(l,ie) = = nwia(i pI
Imst(2,ie nwfa(ip2
Imst(3,ie nwfa(ip3
Imst(4,ie is

1400 continue

1500 continue
return
end

[outhg] writes the new triangulation

subroutine outbg( N ,ne, cost,Imst)
dimension cost(3,*),Imst(4,*)

write(*,10)

writedou,*) np,ne

oitttod )", (cost(n,i8) in=1 3

writedou ip, (cost(in,ip),in=l,
100 contlnue P ;

do 200 ie=I,ne /

write(iou,* ie, (Imst(in ie),in=1, 4)

200 continue

0 format(/," facet > writing surface triangulation')

return
end

[outsg] writes the edge information on the new mesh

subroutine outsg(iou, n|sI np,spnp, nwed
dimension Ipnp( QS spnp(* p pdF(J*)p )

write(*,10)

continue
10 format!/," facet > writing edge information")

return
end

[outsf] writes the face information on the new mesh

subroutine outsfSio nsf.kpnp,cosf, nwfa)
dimension kpnp(*),cosf(2,* fnw fa(*)

write(*,10)

do|200k|s In)sf

ipl = kpnp(is
|82 = kEng((ml) 1
np = ip2-ipl+l



L)

888

889

100
200

10

cont!nue
continue

format!/,1 facet > writing face information’)

return
end

1 :
b optoe, I, (EGETER

kK%

100

subroutine size(iou,nsf,cpsp)

this make <filnam>.dim to create <filnam>.re_

dimension cpsp(3,*)

—

o—~o 5
—w

in SPACE PROGRAM

k%%

10

20 f

30

35
100

40 f

45
200

subroutine datagraphic(ioul,iou2,np,ne,cost,Imst)
this make datafile to draw graphic in FEPLOT PROGRAM and NASTRAN

dimension cost(3,*),Imst(4,*)

npoin nelem
%)np,ne,nvar

mber of node ')
n

wrnevoul4m

ormat(' number of element ')
do 200 ie = Ine
write |ouL*% (Imst ||e_,:
write(iou2,45) ie nd mstﬁ, 3‘
format("' CTRIA3" 5x,i X,
c?nnnue |

close(iou

Hose&ouZ}

return

end
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0000

0 0 00

000

noo

15
10
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PROGRAM SPACE

A PROGRAM TO COMPOTE NODAL SPACINGS FOR CONSTRUCTING NEW ADAPTIVE
MESH FOR 3-D BUILT-UP STRUCTURES.

PARAMETER  (MXPOI=10000)
PARAMETER  (MXNOD= 5000, MXELE= 5000)

MXPOI IS THE MAX. NO. OF NODES ALLOWED FOR THE ENTIRE MODEL
MXNOD & MXELE ARE MAXNO. OF NODES &LEMENTSALLOWED  ON A FACE

IMPLICIT DOUBLE PRECISION D)

DIMENSION  VG(MXPOI), VL M NOD ELTA(MXPOI)
DIMENSION  X( XNO[Q

DIMENSION  EIGEN(M NOD ON >&MXNOD EIGBL(MXPOI)
DIMENSION ~ DDX(MXNOD), d

DIMENSION ~ DDXX(MXNOD), DD Y(MXNOD), DDXY(MXNOD)

INTEGER _INTMAT(MXELE 32 NGBL(MXNOD)
CHARACTER FILNAM*12,CV*

OPEN INPUT/OUTPUT FILES

WRITE'** CHECK INPUT FILES FOR 1. ?.N°

WRITE!* ' 2. 7L~

WRITE'** ' 3. 2.DIML

erte‘*,* 1 4, 2y

WRITE!®, (I, A $?n ENTER PROBLEM NAME T

READL, (A) 1% FILNAM

WRITE(*, }\A, )') ' ENTER CURRENT VERSION NUMBER 1

READ!*' 1 cv

L = NAMLEN(FILNA!

[F (L.EQ.0) GO TO 3

OPENSUN T= 8, FILE= FILNAMl L)/ 11N/ cv, STATUS=10LD 1, ERR= 333
OPEN!uNIT= 9, FILE= FILNAM(L:L)//1.L'//cv, STATUS=10LD',ERR= 333
OPEN!uUNIT=10, FILE= FILNAMIL:L)//"'. DIM', STATUS=10LD1, ERR= 333:
OPEN!uNIT=12, FILE= FILNAM!1:L)//" V'[ICV, STATUS=10LD', ERR= 333
OPEN!uNIT=13, FILE= FILNAM!L:L)//".R"/ICV, STATUS=INEW , ERR= 333
DO 5 1=1,MXPOI

DELTA(l) = 0.

EIGBL(I) = 0

CONTINU

READ NODAL VON MISES STRESSES FOR THE ENTIRE MODEL:
READ(12,*)  NPOIG

DO 10 1=1,NPOIG

READ(12,*) " N, VG(1)

IF(I.NE.NJ WRITE16.15)

FORMATI" ** CHECK VON MISES STRESS DATA ** NODES NOT IN ORDER))

CONTINUE
LOOP OVER THE NUMBER OF FACES:



READ(10,*)  NFACES
DO 1000 NF=1,NFACES

READ ACTUAL FACE DIMENSIONS:
(CURRENTLY RESTRICTED TO RECTANGULAR SHAPE, CAN GENERALIZE LATER)

READdO,*) AA BB

READ LOCAL & GLOBAL NODE NUMBERS AND THEIR LOCAL X-Y COORDINATES
;(NYTE%O%%%%ER PLANE (0. TO 1.) AND CONVERT TO THE ACTUAL

DO 80 1=1,MXNOD
NGBL() = -39
X(1)
Yl
IR

80 CONTINUE

READ(8,*) _ NPOIN

IF(NPOIN.GT.MXNQD) WRITE(,103) _ NPOIN
103 FORMAT(" INCREASE MXNOD TO', 15)

IF(NPOIN.GT.MXNOD) ~ STOP

DO 100 1=1,NPOIN
READ(E.*) N NGBL(), XX 1Y
IF&INEN) WRITE(5, 1

105 FO MAT(;Y:‘*“ERROR *J‘ CI-?ECK LOCAL NODE NO. ON FACE', 15)
III ™

100 CONTINUE

onoooooo00

OOO

o

o READ LOCAL ELEMENT NODAL CONNECTIVITIES:
DO 110 1=1,MXELE
DO 110 =13
INTMAT(1,J) = -888

110 CONTINUE'

o
READ(9,*)  NELEM
IF NE&.EM)GT

MXELE) WRITE(6,123) NELEM
123 FORMAT(' INCREASE MXELE TO' 15)

IF(NELEM.GT.MXELE) ~ STOP

DO 120 IE= 1NELEM

READ(9,*) TMAT EJ), J=1,3)

IF(1E.NE.N) WITE E) NF
125 FORMAT(' ) ERROR {2 CHECK LOCAL ELEMENT NO. ON FACE', 15)
120 CONTINUE

S OBTAIN LOCAL NODAL VON MISES STRESSES FOR THIS FACE:
o
DO 130 1=1,NPOIN
N = NGBL(I
VL(1) = VG(N)
130 CONTINUE
= COMPUTE EIGENVALUES FOR ALL THE NODES ON THIS FACE:
o
CALL EGVALUE(MXNOD, MXELE, NPOIN, NELEM, X, Y, INTMAT,
& VL, ONE, DDX DDY, DDXX, DDYY. DDXY, EIGEN)
o
S OBTAIN NODAL EIGENVALUES FOR THE GLOBAL MODEL:

DO 140 1=1,NPOIN

="NGBL(1)
EINEW = EIGEN(])
IF (EINEW.GT.EIGBL(N)) EIGBL(N) = EINEW

140 CONTINUE

1000 CONTINUE
THEN COMPUTE THE PROPER NODAL SPACINGS FOR THE ENTIRE MODEL:
WRITE (6, 150)

150 FORMAT!' “PLEASE INPUT THE MINIMUM & MAXIMUM SPACINGS', /)
READ(5,*)  HMIN, HMVAX

FIND THE MAXIMUM EIGENVALUE OF THE ENTIRE MODEL:

000 O

00



[ K]

200 C
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EGMAX = 0.
DO 200 1=1,NPOIG
&EIGBLd .GT.EGMAX)  EGMAX = EIGBL(l)

POSSIBILITY OF ZERO EIGENVALUE:
TOL = |.E-14

DO 250 1=1,NPOIG
IF(EIGBLA) LT.TOL) EIGBL(I) =TOL

250 CONTINUE
C
WRITE(13,305)  NPOIG
WRITE( 6.305) NPOIG
305 FORMAT(112)
DO 300 1=1,NPOIG
H2 = HMIN*HMIN*EGMAX/EIGBL(I)
DELTA(I) = SSRT(HZ)
IF‘DEL A&IB T.HMAX) DELTA(I) = HVAX
WRITE (13,310) |, DELTAd
WRITE( 6.310) | DELTAd
310 FORMAdlé, 20.8)
. 300 CONTINUE
GO TO 344
333 WRITE(*,*)" *** FILE NAME NOT EXIST ***
344 STOP
END
C
C
C
_SUBROUTINE EGVALUE(MXNOD, MXELE, NPOIN. NELEM. X Y, INTMAT,
VL, ONE, DDX, DDY, DDXX, DDYY, DDXY, EIGEN)
= COMPUTE NODAL EIGENVALUES FOR EACH FACE
o
IMPLICIT DOUBLE PRECISION 5A H,0-2)
DIMENSION X{MXNODB Y (MXNOD
DIMENSION V MXNOB IGEN MXNOD
DIMENSION  ONE(MXNOD), DDX( XNO% DDY! MXNODN
DIMENSION ~ DDXX(MXNOD) DDYYMXND DDXY(MXNOD)
= INTEGER  INTMAT(MXELE, 3)
o
DO 10 1=1,NPOIN
EIGEN(I) ='0.
ONE(I) = = 0.
DDX(I) = 0.
DDY(Iy = 0.
DDXX(1) = 0.
DDYY(If = 0.
DDXY(1) = 0.
10 CONTINUE
z LOOP OVER NO. OF ELEMENTS ON THIS FACE:
o DO 1000 IE=1,NELEM
[
[l = INTMAT(IE,1
31 = INTMAT(IE,2
KK = INTMAT(IE,'3
o
Bl = Y(JJ) - Y(KK
B2 = Y(KK) - Y(II
B3 = Y(II) - Y(JJ
Cl = X(KK) - X(J]
C2 = X(I1} - X[K
C3 = X(J) - X(Il
AREA =0.5% (B2*X(2)) + BL*X(I) + B3*X(KK))
o
= COMPUTE THE FIRST DERIVATIVES FOR THIS ELEMENT:

VL)

DVDX = (BL*VI + B2¥V2 + B3*V3)/(2.*AREA)
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DVDY = (CI*V1 + C2*V2 + C3*V3)/(2.’AREA)
CONTRIBUTIONS TO NODAL QUANTITIES:
DO 100 J=
IN = INTMAT EJ)
DDX(IN) =D IN + DVDX
S Rl | o
100 Contl
1000 conTINUE
OBTAIN AVERAGE NODAL FIRST DERIVATIVES:
e AN % I%QNEO)IN WRITE(6,210
210 FOF&MATE NO ‘FIRST DRIVAIFIVE C)ONTRIBUTION FOR LOCAL NODE', 15)
IE(ONE(1).EQ.0.) ONE(l) =
S - s
200 CONTI

LOOP OVE

R NO. OF ELEMENTS ON THIS FACE AGAIN TO COMPUTE

THE SECOND DERIVATIVES:

DO 2000

[ NT
J)

I
I
KK = |

==

1> << <
S=—X"—Xx= —d
=

b
X
m
>

COMPUTE

y

1
2

3
%VDYX
DVDYY

CONTRIBU

DO 300
IN = INT
DDXX(IN
DDYY(IN
DDXY(IN
300 CONTINU

02000 CONTINUE

¢

OO0

OBTAIN A
DO 400
DDXX(!
DDYY(l
DDXY(l
400 CONTINUE
OBTAIN T
DO 500
SXX

<

P

[E=1, NELEM
MAT E

ATf
!

{ XRJJ) + BL*X(I1) + B3*X(KK))

5% (B
SECOND DERIVATIVES WRT. X 4 Y:

=

>

=
—_——

mmm

oM

XXX < <<
e ——
e

=

o

O

E

2. *AREA
2 . *AREA

DDY(Il

DDY(JJ

DDY (

BI¥O1 + B2*Q2 + B3*Q3)/(2.*AREA
CL*01 + C2#02 + C3*03)/ (2. *AREA

TIONS TO NODAL QUANTITIES

e

MAT%EJ
DVDXX

DDYY DVD

+
IN] +
rm% + 0.5% (DVDXY + DVDYX)

VERAGE NODAL SECOND DERIVATIVES:
1=1,NPOIN

l

HE TWO PRINCIPLE EIGENVALUES:
1=1 NPOIN
DXX (1)
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SYY  =DDYY(!
SXY = DDXY(l
AVG = (SXX+SYY)/2.
DIF = (SXX-SYY)/2,
TERM2 = DIF*DIF + SXY*SXY
TERM2 = SQRT(TERM’@
EGI = AVG + TERM2
EG2 = AVG - TERM2
EGl = ABS(EGI
EG2 = ABS(EG2
E|GEN£|) = EG!
[F(EG2.GT.EGL) EIGEN(I) = EG2
500 CONTINUE
END
C* *

> >

& NAMLEN], GOLNTS THE NUVBRR GF CHARACTERS N HILNAM
e L

INTEGER FUNCTION NAMLEN(FILNAM)

CHARACTER*12 FILNAM

10 CONTINUE
20 RETURN
END
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