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LOOM-P: a Finite Element Mesh Generation Program

with On-Line Graphic Display

Takeharu ISE and Toshio YAMAZAKI®
Division of Reactor Engineering, Tokai, JAERI

{Received May 23, 1977)

A description of the two-dimensional mesh generation program, LOOM-P,
is given in detail. The program is developed newly to produce a mesh net-—
work for a reactor core geometry with the help of an automatic mesh genera-
tion routine built in it, under the contrel of the refresh-type graphic
display. It is therefore similar to the edit program of the self-organizing
mesh generator, QMESH-RENUM.

Additional techniques are incorporated to improve the pattern of mesh
elements by means of on-line conversational mode. The obtained mesh network
is edited out as input data to the three-dimensional neurron diffusion

thecry code, FEM-BABEL.

* Sumitomo Heavy Industries, Ltd.
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1. Introduction

Recently, the finite element methodi) has widely been used for solving
reactor physics problems as well as structure and hydrodynamics problems.
Many computation programs have been developed for it but there still exists
the difficulty to prepare an appropriate pattern of finite element meshes.
Although several automatic mesh generating programs have been published so
farzmlo), there are few programs which are available. Among these, QMESH
program 810} seems the best mesh generator in view of teqhniques to produce
improved shaped mesh elements, like the mesh smoothing and the mesh restruc-
turing without user's interaction. In addition, the QMESH contains the
bandwidth minimizing program, RENUM, as a companion program. |

As the program is, howeﬁer, made for general purposes, it produces
quadrilateral mesh elements only. There fore, we have developed an on-line
atuomatic mesh generating program, LOOM-P, in order to produce also
triangular mesh elements as an edit program to the (MESH-RENUM. The present
program combines a mesh network produced by the automatic mesh generating
routine built in it with a mesh network edited out of the QMESH-RENUM and
then produces a complete metwork for a given body. Finally, the program
rearranges the mesh data as the input data to the three-dimensional neutron
diffusion theory code, FEM&BABELIQ), which has been already developed by us.

The LOOM-P is designed to feed the input data and to control the
program on the CRT (direct viewing Cathod Ray Tube) display of the refresh-
type graphical displaying apparatus, FACOM 6233A12’13).

It is recommended that users unfamiliar to the graphic display should

read all the following chapters but users familiar to the graphic display

might skip the chapter 3.

2. Characteristics of the Program

Most power reactors have the azimuthal symmetry of one eight sector
with a central angle of 45° shown in Fig. 1. Accordingly, we aimed at
producing a mesh network to deal with the one eight sector. The sector,
we call it as a body, can be devided into A-region of the inner fuel assem-—
blies and Q-region of the outer fuel assemblies, the reflector and the
reactor shroud, as shown in Fig. 2.

As the A-region has the regularity, the mesh generation is easily
carried out through the automatic mesh generating routine built in the LOOM-

P. In the other hand, the Q-region has a complex geometry, consisting of
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Reactor shroud with core barrel
and thermal shield

Fuel assembly

Water reflector

Fig. 1 Top view of a 1420 MW pressurized water
cooled power reactor

Fig. 2 One eighth core geometry for mesh generation
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the regular fuel part, the water reflector part and the annular shroud part.
The mesh generation is therefore carried out through another automatic mesh
generation program, QMESH (mesh generation) and RENUM (renumbering the
generated mesh network)a’g’lg).

Moreover, the following techniques are incorporated iﬁto the program;
As there may exist local parts in Arregidn where the neutrem flux changes
drastically due to the strong absorber, it will need to have finer mesh
elements locally. In that case users can devide any {rectangular) mesh
clement into two triangular meshes by picking it with the light-sensitive
pen on the CRT display. For Q-region, one can use for regular part the
same technique as mentioned above for A-region and moreover one can improve
the mesh element shape by moving a node with the light pen "tracking' and/or
by dividing automatically quadrilateral elements into triangular meshes.

The program finally combines A-region with Q-region to complete the
mesh network for a given geomefry and then produce the input data to the
FEM—BABELlu), on file unit 10 for nodes list, coordinates list and elements
1ist (NAUTO=3 in No.1l8 in 1%), and on file unit 1 instead of punching out
for region numbers list (10$) and boundary nodes list (15$). The printer
edits the number of node points, the number of finite elements, the number
of bandwidth, the number of regions and the number of boundary node points.
In addition, it edits the lists of boundary node points, internal node

points, their x- and y-coordinates, finite elements, and region numbers in

a table.

2.1 Mesh Generation of A-Regiom

According to keying-in "NX", the number of divisions in the x-side and
"XL", the length of the x-side (in cm), on the character key board of the
graphic display apparatus, the mesh network is generated accordingly to a
rule illustrated in Fig. 3. The key-in can be repeated until the key-in
Nx = "0".

When one picks the mark < within a mesh element, the mesh element
ig devided into two triangular elements and then the element numbers are
renumbered by adding one to the previous aumbers, as shown in Fig. 4.

The element deviding ends when picked "END" in the menu on the display.

The material region number is registered in the program as "1" for

A-region.




JAERI-M 7119

NX+
NX
e 3
3/35° >
214
%4 7 !
XL {em)
Fig. 3 Mesh network for A-region
NEE ololo +a
o| & o ololo ne3
o | &lo ololo n+2
ol R g L0 o n+1n
i
(a) (b) {c)

Fig. 4 Element deviding; (a) pick »in the n-th element,
(b) after picked, (c¢) renumbered

=7
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2.2 Mesh Generation of Q-Region

The Q-region is composed of Ql-subregion of rectangular mesh elements

and QZ2-subregion of quadrilateral mesh elements, as shown in Fig. 5.

NX+
NX

Q2

— D} &« »

Fig. 5 Mesh network for Q-region

Although the mesh network of Q-region appears laborious to be generated,

it can be produced by using sophiscatedly the self-organized mesh generator
QMESH-RENUM. It is noted that the nodes are numbered from bottom to top

as illustrated in Fig. 5 and the list of nodes on the leftest side must
coincide with that on the rightest side of A-region.

Some additional notes are deécribed about the QMESH-RENUM; One should
use the JAERI versionll), whiéh is a little modified to dinput with 12A4
format for COMMEN card. The meaning of the material number in REGION card
is extented as follows. One should input negative integers for the sub-
regions to which "element deviding" is applied and positive integers for
the subregions to which "node moving" is applied. In Fig. 5, Ql-subregion
has been specified as the region to be "element devided" and Q2-subregion
as the region to be "node moved". The description of "element deviding"
has already given in the chapter 2.1.

The "node moving" is carried out by moving a node picked by the light
pen as shown in Fig. 6. This function is used in order to improve the

mesh network when user does not satisfy the present mesh elements. The

— 5 —




JAERI-M 7119

(a) (b) (c) (d)

Fig. 6 Node moving; {(a) pick a node & ,
(b) the symbol -4 appears, (c) more 4+ to the
desired position, (d) the resulting mesh network

" node moving can be repeated until user picks "END" in the menu. After
finished these operations, "Automatic deviding" begins.

The "automatic deviding" is performed according to the following rule.
The lengths of two diagonals are compared with each other and then the
shorter diagonal is taken up as shown in Fig. 7. 1In other words, on the

segments P and 5 as

Yixi - xk)? + (yi-yK)2

la-]
0

Q = r/(xj—x}l)2 + (yj-yl)2

then L = min (P, Q) is the diagonal to devide the quadrilateral into two

triangular mesh elements.

Soon after automatic devidings, the node numbers are newly renumbered

according to the rule shown in Fig. 7.

)
Fig., 7 Automatic deviding

The input data to the QMESH-RENUM for a sample problem are shown in
Fig. 8.1, the corresponding inputted geometry in Fig. 8.2, and the generated
mesh network in Fig. 8.3. Tt is noted that the subegions having negative

material numbers are R,, Rg and Ry shown in Fig. 8.2.

As the material region number "1" has already been assigned for A-

_6.4
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P, O/PCH a9

o
Can/

700331

FHLIEDRUN  J1223,WMESHRBSPCm 100 b TR #3004 DIRCT=1U0.5PCE2100 anAME=]

$OISKTN  FO34J1223,Pwni0NER
#OISKTN  F35+J1223,Pwnil0ONE

¥OUTA

CUAMEN SAMPLE DATA PWR ]420M¥ 178 CUKRE, IONE 2
PUINT is 13.0 a4 1
PUINT 2= 1649 0.1 1
PUINT 3= 10.253 10.2%4 1
POINT Y 9.0 9,u 1
POINT bm 11,0 9,0 1
HOINT b= 11,0 G,y 1
POINT = 13,0 4.0 o1
POLNT EL u.C 0,4

POINT 9= 13,691 “.337y

POINT 10= il.ne2% 6,906

POINT 1]= ¥.0 0,¢ 1
PaINT 12= - I L i
PUINT 13= i6. 5 G 1
PUINT lé= 38,0 O, 1
PUINT 15= L3, 9¢ 1%, 50 1
POLINT lbw 11-667 11.667 1
POINT 1t= 12.128 12, 72w 1
POINT lb= ilaC 0.C 1
POINT 19= 5.0 by 1
LinE 1= 1 4 3 1.0 1
LINE LIRC é= 2 9 8 il 1.0 1
LiNE 3= 3 o e 1.0 1
LINE 4 u < 4 1.0 1
LinhE S 2 [ 10 1+0 1
LINE o= 5 7 u 1.0 1
LINE T= 7 1 L] 1.0 1
LINE  CIRC =9 10 ] ¢ 1.0 1
LINE  CIRC = 10 3 8 3 1.0 1
LINE 10w 5 10 i

L INE 11= ? 3 “

LinE 1= 31 18 " 1
LINE 13= 18 1l 1.0 1
LisE  CIRC lus 12 1% H 14 1.0 1
LIME  CEHC  15= 13 1e g 1 1.0 1
Li~E  CIRC lb= 14 17 & 1% 1.0 1
LinE 17= 2 12 1 1.0 L
Lirtk lh= 12 13 1 1.0 1
LItk 19= 13 M 1 1.0 1
LINE U= 3 135 M 1.0 1
LInE 21= 13 16 1 1.0 )]
LiNE 22= 1% 11 1 1.0 1
LInE 23= 3 le “

LInE 24= 14 1 - H
LINE FE] 6 19 4

LIeF b= @ 1% 1
RELTON 2 1= -3 -2 =11

REGIGN 2 i= -8 =10 =5 =11

REGION Fd 3= 23 =3 -2

HEGION =6 Ge =73 =33 =13

REGTON 3 S =17 w14 =20 -a =2
REGION 4 te =18 =152 =21

REG|ON s e =19 =-1b =22

Re( QN =6 o =i4 -7 =%

ReGION =6 Yx =% -4 =28

SLHEME Jdo RESRILS

SCHEME 4 Lb

SLHEME & Lo

SCHEME 9 Ls

Enb

SEHUEDRUN  HFNAME & 0051 GELOT (GHFOa0ON, COML | 9mCALL (NEMER

KDISKTO  FOLlegl223.Par]ONE
¥5C0M3Y
BUATA
REGION

ZREG[ON~1

ZREG[ON=2

2REGION=3

2REG)DN=4

2REGIOQN=5

CHEG[ON=8

2REGION=T

ZREQ[ON=E

2REGION=9

glaggme 178 CORF ZONEZ
ML TEDRUN  J1223, RENUM NAME=]
BDISKTO FDS.J1223.2w~0NE2
FOISKTN 09441223, 9wRZI0N
§51%¢ Flp
¥DATA
Palap 11 13 15 26 “
DuMP
EnD
¥JEND

Fig. 8.1 Input cards set up

Prklt2GM

%
1/8 LUIS
FaCREGN

GPLOT

ExaMPy
ExAMESE
ExAMP3
FraMea
ExaMPg
ExaMEY
ExAMP3
ExAMPE
EaAMPa

REKLUM

@ME SH
Tg FE=

for a sample problem
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7
6 S
15 a
3 )
I3 L
Ry W'
4 10
a5 Lo
L
s
Li4
L h
26 Ry ls
9 R,
Rs\ Rg\ R,
Los le Ly
19 = — 9
R‘ R. '
Lis Lo Ly Ry § L2
‘8 " L2 l2a L e ] lie | Lie
18 1 2 12 13 14

Fig. 8.2 Input geometry to the QMESH-RENUM for a sample problem

1420MW 1/8 CORE ZONE2

12-13
"

11.46
L )

10.18
1 h

2]
-

L

i.i‘ﬁ

5.09

Y-AXIS .

8 - o A0 NS S NN N——
9.00 0.2 11.9% 1782 14.09 15.% 16,64 1.9 1908 0.4 n.n

Fig. 8.3 The generated mesh network for a sample problem
given in Fig. 8.1
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region, the numbers greater than or equal to 2 must be applied to the

material regions in Q-region.

2.3 Creation of the Body

The program combines the mesh network of A-region with that of Q-region
to make the complete network of the body. Then, the renumberings of node
numbers and element numbers are carried out through the body accordingly
to Cuthill and Mckee rule!S), |

On the CRT, the mesh networks of each subregion: A-region, Ql-
subregion, Q2=subregion, .....are displayed according to the order of their
mesh generations. Users can take a hard-copy (COM) of the mesh network of
the subregion by picking a dish in the menu as shown in Table 1. Ascertain-
ing the dish is winking, pick the button "HARDCOPY". After the hard copy
has finished, pick the button "NOCOPY". This completes "hard copy' stage.

Table 1 '"MENU" message

!No. assigned in the program MENU

} 1 ELEMENT
|

I 2 POINT

|

; 3 REGION
|

L &£ END

All these picking operations are performed under the command:

PLEASE PICK THE MENU
or

PLEASE PICK THE PGS COPY~MENU

By picking "END" in the menu, the sfage changes to the next one. These
stages are displayed as "final plot", which is title-figured on the upper
right side in the CRT.

After finished all the operations on the graphic display, the program
edits the input data to the FEM-BABEL!"). The list of nodes with boundary
flags, which were inputted in LINE and POINT cards in the QMESH, is punched
out as the nodes with zero flux boundary conditions (input data 15$). 1In
addition, the list of the absolute material region numbers, inputted in the
REGION cards, is punched out as the finite elements with the corresponding
region numbers (input data 10$).

Furthermore, all the input data for meshes (as input data of NAUTO =3
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in No. 28 in 1$: input from the external tape), that is, node numbers, the
coordinates, and the node numbers composing finite elements, are edited on

file unit 10 (refer the chapter 3.3, too).

3. How to Use the Program

The section 3.1 may especially be of use, should users meet an error
message in the program. The succeeding sections should be read in advance

before using the program.

3.1 Descriptions of the Flow Charts and the Subprograms
The flow charts are shown from Fig. 9.1 to 9.10. The descriptions for

subroutines not shown in the flow charts are described in the following.

INIT data—setting.and,initialization for the display,
PAGIN - eliminate the paging of ploetters or displays,
LOMTT display the title "*LOOM-P*" on upper right side,

CHSIZE select a size out of four character sizes (1<2<3<4),

1
2
3
4
5 S8CALXY set the minimum and maximum in x- and y-axes,
6 SCALN optinum sealing in x- and y-axes,

7 BGDRW display the title and scaling,

8 1ICHSZ “count significant.figures of floating data,

9 ELCENT compute the barycentric coordinate of a mesh element,

10 MESHPL display the mesh network, |

11 TABSET make the flag-table of triamgular and quadrilateral elements,
12 FREAD read data on key-board with free format,
13 MESS1 display the command to users, '
14 AMESH generate the mesh network for A-region,

15 APLOT disﬁlay the mesh network for A-region,

16 MENU display the menu on lower right side,

17 PICKM check the number (dish) pick out of the menu,

18 ELPLOT display node numbers or element numbers,

19 RPLOT display region numbers,

20 READQN read the file unit 9 from RENUM, .

21 YORN key~in "Y"(yes) or "N'"(no) and check input data,
22 ADDLI draw the line used for dividing an element
23 ADDEL extend and rewrite the element-table,

24 STARS display the mark ¢>0ﬁ the centroid of a mesh element

.
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17 PICKM check the number (dish) pick out of the menu,
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call

INIT

initialization of the display

call

AREGM

mesh-generation of A-region

call

QREGM

mesh-generation of (Q-region

FINAL

creation of a body & final output

i call
|

call

FPLOT

final plotting

! call

FIN

close the display

stop

Fig. 9.1 Flow chart of main program




AREGM

call READQN

call ACREAT

call DVEL

call ADISC

JAERI-M 7118

read output file from RENUM

initial mesh generation of A-region

skip-~option of A-region

element deviding with light-pen

write results on file unit 22

return

Fig. 9.2 Flow chart of subprogram AREGM

s
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ACREAT

display title

give input

call FREAD

Yes
TER=0

™ o No

renew input

No

clear CRT

return

—

call FREAD

No. on CRT
(1) "A-REGION
CREATION"

(2) "PLEASE KEY-IN" and
(3) NX L, XL

take NX from input data

error-check of NX (IER:0/l=normal/
: : error)

(2) "KEY-IN AGAIN"

take XL from input data

error-check of XL

Fig. 9.3 Flow chart of subprogram ACREAT

el e AR P B e
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NN=NX store RX into common area

eliminate(2)(3),

display input (&) "NX=0O00,XxL=000 . 0"

data
call AMESH mesh generation of A-region
call APLOT display a mesh network on CRT

(2) "PLEASE KEY-IN", and

ive input
g p (3) Hcl'

call FREAD take NC from input data

No

eliminate (2).

. (2} "KEY-IN AGAIN"
renew input

¥

eliminate

(2),(3),(4), (5

Fig. 9.3 {continued)
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DVEL
display title "A-REGION
ELEMENT
DEVIDING"
call YORN . "Y"(Yes) or "N'"(No) key-in routine

skip option-bf element deviding

call APLOT display a network

call STARS display mark ¢» on centroid of
each element

pick-command (1) "PLEASE PLCK THE MENU OR
¢ MARK"
call PICKMP take up the picked element number

check picking "END" in the menu

check miss-picking

erase picked
&, store element
No. into table

call ADDLI devide the element into triangles on CRT

Fig. 9.4 TFlow chart of subprogram DVEL
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call ADDEL

call TABSET

call ELCENT

call ELPLOT

call INPDA

pick menu

call PICKM

clear CRT

©,

return

Fig. 9.4

renumber element numbers in the table

méke the flag—taﬁle of triangular and
rectangular elements

compute barycentric coordinate of an element

display a network

display the numbers of nodes and elements

(1) "PLEASE PICK THE MENU"

take up the picked menu-table

{continued)
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| QREGM
i
: check material region numbers of

P call QRCHE Ql-subregion

i
: No check negative material numbers
Yes . '

call FREGM divide an element into two triangles by
picking
No .y X '
10PT>0 check positive material numbers
Yes :
call MREGM move a node to a desired position
i call QDISC write results on file unit 22

L
P

Fig. 9.5 Flow chart of subprogram QREGM
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FREGM

display title

call YORN

<G>

No

call ELSUM

call LMAKE

call SCALQOC

call TABSET

call ELCENT

call BGDRW

call LIPLOT

call MOVMK

Fig. 9.6

"Q-REGION
ELEMENT
DIVIDING"

"' or "N" key-in routine

skip option-of element deviding

collect sub-regions with a negative
material number

define lines and make the node~table
scaling for plottiﬁg

make the table of triangles and
rectangles

compute the barycentric coordinate

display the scale on CRT

display a network

display ¢ on centroid

Flow chart of subprogram FREGM



pick-command

call PICKMK

No

Yes ""E!HIH:II"'
No
erase & &

store element
No. into table

call ADDLI

—

call ADDEL

call TABSET

call ELCENT

erase &

call ELSUM

(1) "PLEASE PICK THE MENU OR > MARK
Pi(‘,k n 0 "

check of picking "END" in the menu

check miss-picking

devide an element into two triangles

renumber element numbers in the table

recompute the barycentric coordinate

collect the elements with discriminated
material No.

Fig. 9.6 (continued)
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call FRPLOT display the final network

call INPDA display the element numbers

pick menu pick "END" in the menu

call PICKM

@__,

clear CRT

return

Fig. 9.6 (continued)



MREGM

call MOVEPT

call AUTODV

call QRPLOT

return

JAERI-M 7119

move a node in Q2-subregion

devide automatically quadrilateral
elements into triangles

display the final network

Fig. 9.7 Flow chart of subprogram MREGM



MOVEPT

call ELSUM

make table of

positive material

do MR=1, MRXZ)

call ELSUM

call LMAKE

call LPGET

)

display scale

display title

call LIPLOT

i

call MOVMK

O,

JAERI-M 7119

collect sub-regions with positive
material numbers

loop for each sub-region with a
positive material number

define lines and make the node-table

skip for no node-moving

make the table of lines connecting nodes

""Q-REGION
POINT
MOVE"

display the network

display < on a node

Fig. 9.8 Flow chart of subprogram MOVEPT
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pick-command pick &

call PIKMP

check of picking "END" in the menu

check miss-picking

erase < & lines
connecting nodes

generate symbol + generate the tracking symbol +

move the symbol + to a desired
position with switched-on light-pen,
and then switch-off light pen

pick new node &
eliminate +

draw node, lines, | store new coordinates into common
symbol + : area

Y

clear CRT

return

Fig. 9.8 (continued)



read data for
A-region

read data for
Q-region

make a body

write data
on file unit 10

set data on
boundary

compute
bandwidth

’//punch out
data on region

”’punch out data
.on boundary

return

JAERI-M 7119

check the presence of A-region

~combine A-region with Q-region and

make a body

write the data on meshes (external input
for FEM-BABEL) on file unit 10

make the node list with zero flux boundary
condition (15% in FEM-BABEL)

punch out the region number list (10$ in
FEM-BABEL)

punch out the node list with zero flux
boundary condition '

Fig. 9.9 Flow chart of subprogram FINAL
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‘ FPLOT

call TABSET

compute barycentric coordinates of
elements

treat a body as devided regions;
do 1XX=1,3 _:) A-region, Q-subregions with positive and
negative material numbers

collect elements
to be edited

call ELCENT

call LMAKE define lines
call SCALQO scaling
i
! call PPTAB make the node-table

display figure

display title title "FINAL, menu 'ELEMENT"
& menu. PLOT" "POINT"
put IOP=0 "REGION"
"END"
O,
10P=T0P+1

Fig. 9.10 Flow chart of subprogram FPLOT
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>

Yes

call HDCHE

JAERI-M 7119

pick hardcopy (COM or PLOTTER)

pick-command

call PICKM

call RPLOT

E—

call FRPLOT

"PLEASE PICK THE MENU"

piék the menu

display the material region number
list of mesh network

display the element number list of
mesh network

r

call FRPLOT

display the node list of mesh
network ' '

Y

clear CRT

return

Fig. 9.10 (continued)



25
26

27
28
29
30
31

32
33
34
35
36

37
38
39
40
41
42
43
44
45
46
47
48

49

ADISC
ELSUM

LMAKE
LPGET
SCALQO
LIPLOT
NOVMK

PICKMP
QRCHE
FRPLOT
AUTODV
CUTEL

QRPLOT
QDISC
INPDA
PPTAB
FIN
XAV
YAV
GDINIT
GDSEND
DERASE
DECOMEN
GDCOPY

CHE

JAERI-M 7119

write the data of meshes in A-region on assigned file unit,
collect the elements with discriminated material flag and
make the table,

make the line-table and the node-table,

make the list of lines connecting nodes (26),

scaling for displaying, |

make the mesh network having no-named lines,

display the mark ¢ on the centroid of an element or on a
node,

pick up the mark ¢ or a dish in the menu,

check either positive or negative sign of the material number,
display the pointed element or node,

automatic deviding,

compare the lengths of two diagonals with each other in a
quadrilateral eiément,

display the element-map for Q-region,

write the data of meshes in Q-region on file unit 22,

display the numbers of nodes and elements on upper right side
make the node-table composing an element,

close the displaying,

transform a given x-value to the length in CRT,

transform a given y-value te the length in CRT,

display the named line,

transmit the image to CRT,

erase the named line on CRT,

permit the comment with key-in and continue waiting a command ,
permit transmitting the figure on CRT to the graphic COM and
continue waiting a command,

edit the final mesh network to the printer.

3.2 Limitations to the Program

LOOM-P:

It is noted that there are three kinds of limitations for using the

the first is due to the QMESH-RENUM, the second due to the dimension

in the LOOM-P, and the third due to the buffer size of the graphic display

FACOM 6233A.

respectively.

Tables 2 and 3 show the limitations to the QMESH-RENUM and the LOOM-P,

The limitations to the FACOM 6233A are the GDOA (editing

area in core storage) of 3600 words, and the buffer size of 8000 words due
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Table 2 Limitations to the QMESH-RENUM

Number of mesh elements 2000
Number of nodes 2100
Number of boundary nodes 300

Table 3 Limitations to the LOOM-P

A-region Q-region a body
Number of mesh elements 1000 - 1000 1500
Number of nodes 1000 1000 1500
Number of boundary nodes 500 500

to the hard ware. Accordingly, the numbers of mesh elements and nodes,
which can be displayed on CRT a time, are about 630 and about 660, respec-—
tively.
3.3 Input~Output File Units

fhe LOOM-P needs the file unit 9 (the output from the RENUM) as input
and the file unit 10 (the input to the FEM-BABEL) as output. The file
unit 22 is needed as scratch. The file unit 1 is required instead of the
unit 7 for editing in card image for the FEM-BABEL, under the present
operating system of JAERI's computer (punching-out is not permitted under
the command of the display).

Table 4 shows the formats in the files 9 and 10, the contents of which

are as follows;

Table 4 Cbntents in the file unit 9 and 10

Record number File unit 9 File unit 10

1 (COMMEN(I),I=1,12) NNN, KKX
_KKK,NNN,NFF,MAXDIF (X(1),¥Y(I),I=1,NNN),
((NELNO(I,J),I=1,4),J=1,KKK)

3 C(X(N),Y(N),N=1,NNN) (MAT(J),J=1,KKK)
4 ((NELNO(I,J),1=1,4),

MAT (J) ,J=1,KKK)
5 (IFLAG(I),1=1,NFF)
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COMMEN  any comment written in the format 12A4,

KKK the number of elements,
NNN the number of nodes,
NFF the number of boundary nodes,

MAXDIF  the maximum difference of node numbers per element

(:bandwidth in the coefficient matrix of the system equation),

XY coordinates of x and y (or r and z),
NELNO the element-table compesed of nodes per element,
MAT the list of material numbers assigned to elements,

IFLAG the 1list of boundary nodes.

3.4 Graphic Display Apparatus and Key-Ins with Free-Format

Figure 10 shows FACOM 6233A graphic display apparatus. After having
inputted the data on the chéracter key board, one must pat the END key.

One can correct all the input'data by the CANCEL key or partially the data
by patting the =—or the — key. One can get the blank character by patting
the space key.

In the LOOM-P, one picks the mark " O and the tracking symbol "+ "
with the light-pen. By drawing the switched-on pen near the " &M, he will
find out the " <" winking. Then put the pen-switch off, the computer can
catch the information of the " ®'". This is called "picking” the mark " & .

When one picks and moves the symbol "4 " with the switched-on pen,
the symbol " + " follows the movement of the pen. Then put the pen-switch
off, the computer can steore the coordinates where the pen was switched off.
This is called "tracking".

On the CRT shown in Fig. 10, the #1 is the title given through the
RENUM. The #2 is the title describing the contents of the figure given in
the LOOM=P. The #3 is the message or the command to users. The #4 is the

displaying area of input data keyed in and the #5 the menu to be picked

with light-pen. During the time when the following message is #6, the

computer cannot catch any information.

GSP NO JOB WA ROLL OUT TYU

(Your job is now rolled out.)

The above message is, however, out soon when user sends some informa-
tion to the computer. The #7 is for the error message. User can kill his
job by picking "KILL" shown in #7.

Users can take a hardcopy by pushing the key "PRINT" on the accompany-
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ing hardcopy apparatus FACOM 6541B. However, one must wait thirty seconds

or so to get a sheet of figure.

It is easy and convenient to input with free format when one uses the

character key board. After one has fed the data by key-in, he must pat

"END" key to make the carriage return. One must pat the " , " key or
"blank" key (: "space" key) when pausing between the data. In additiom,
one must pat "END" key when no input data to be fed.

Integer data are defined by "0, 1, ....., 9" only. One must not use
4" or "-", Blank data are registered in as "0". Floating point data are
defined by "0, 1, .-..., 9" and "."(dot), that is, in the F-format. Blank
data are registered in as "0.0". The hollerith datum is defined by one
English letter character and the blank datum is registered in as et

Although the program has the function to redo the key-in when mistook
it, user can use the "CANCEL", or "« " or "—" key on the key board (see

also the first part of this sectiom).

4. Sample Probiem and the Operation of Graphic Display

Before using the graphic display, ome must prepare the input data {(the
file unit 9 from the RENUM) for the Q-region as a result of the QMESH-RENUM
calculation. After the preparation of the input cards as shown Fig. 1l.1,
one can use the graphic display.

First, ascertaining the first lamp (READY) on, the third lamp (ON-LINE)
on, and the No.8 of ASW switches (for hardcopy of COM) on, on the_leff side
of the CRT, one should input the job cards in the card reader. When the

job goes up to the execution step, one finds the following message on the

console display with buzzing:

#%kGRAPHIC START#%%
#%5GRAPHIC START#*%

and the No.8 and No.16 lamps on the function key board light on. Then user
must stand by the message from the program in front of the graphic display.
We take up the one eightth geometry of a 1420 MW PWR as an example.
The operational scheme of the graphic display are summarized in Table 5.
Soon after the job ended, the printer edits the results of the LOOM-P.
Moreover, one can punch the data out of the file unit 1 made in the LOOM-P,

by using a program as shown in Fig. 11.2 (see chapter 3.4, too).
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ing hardcopy apparatus FACOM 6541B. However, one must wait thirty seconds
or so to get a sheet of figure.
It is easy and convenient to input with free format when one uses the

character key board. After one has fed the data by key-in, he must pat

"END" key to make the carriage return. One must pat the " , " key or
"blank'" key (: "space" key) when pausing between the data. In additionm,
one must pat "END" key when no input data to be fed.

Integer data are defined by "0, 1, ....., 9" only. One must not use
"4 or """, Blank data are registered in as "0". Floating point data are
defined by "0, 1, ..... , 9" and "."(dot), that is, in the F-format. Blank
data are registered in as "0.0". The hollerith datum is defined by one
English letter character and the blank datum is registered in as et

Although the program has the function teo redo the key-in when mistook
it, user can use the "CANCEL", or "«" or "—" key on the key board (see

also the first part of this séction).

4. Sample Probliem and the Operation of Graphic Display

Before using the graphic display, one must prepare the input data (the
file unit 9 from the RENUM) for the Q-region as a result of the QMESH-RENUM
calculation. After the preparation of the input cards as shown Fig. 1l.1,
one can use the graphic display.

First, ascertaining the first lamp (READY) on, the third lamp (ON-LINE)
on, and the No.8 of ASW switches (for hardcopy of COM) on, on the left side
of the CRT, one should input the job cards in the card reader. When the
job goes up to the execution step, one finds the following message on the

console display with buzzing:

#%KGRAPHIC START¥#%
*%%GRAPHIC START*#*%

and the No.8 and No.16 lamps on the function key board light on. Then user
must stand by the message from the program in front of the graphic display.
We take up the one eightth geometry of a 1420 MW PWR as an example.
The operational scheme of the graphic display are summarized in Table 5.
Soon after the job ended, the printer edits the results of the LOOM-P.
Moreover, one can punch the data out of the file unit 1 made in the LOOM-P,

by using a program as shown in Fig. 11.2 (see chapter 3.4, too).
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Table 5 Full operations of the graphic display for a sample problem

No. Operations Reference figure Comments
1 Fig. 12.1 start network creation of A-region
2 | key-in "18,9.0" "END" | Fig. 12.2 give NX and XL
3 | key-in "C" "END"
4 | key-in "Q" 'END" give NX=0 to next stage
5 | key-in "'Y" "END" answer yes or no for element-
deviding
6 | pick no Fig.12.3 & Fig.4 | devide a mesh element
7 repeat No.b6
8 | pick "END" get element map
9 | pick "END" to next Q-region stage
10 | key-in "Y" "END" answer yes or no for element-
deviding of Ql-subregion
11 | pick AV Fig.12.4 & Fig.4 | devide a mesh element
12 repeat No.ll
13 | pick "END" get element map
14 | pick "END" to next Q2-subregion stage
15 | pick " O™ Fig.12.5 & Fig.6
16 | move "4+ " move a node (learn the trick to
pick & 1)
17 repeat No.15 and 16
18 | pick "END" get element map
19 | key-in "C" "END" Fig. 12.6 to next final plot stage
20 | pick "ELEMENT" selection of dishes for A-region
21 | pick "HARDCOPY" Fig.12.7 if necessary, COM-copy of the
{element-map) dish
22 | pick "NOCOPY" recover to program
23 repeat No.20n22 if no more COM-copy, pick
“"NOCOPY" to go to next stage
for node point map Fig., 12.8
' {(node-map)
or region map Fig. 12.9
(region-map)
24 | pick "END" to next Ql-subregion stage
repeat No.20v23
25 | pick "END" to next Q2-subregion stage
repeat No.20v23
26 | pick "END" job closed to get figure out of

CRT
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*_OOM—P %

LSy gy gV SO

PLEASE KEY-IN NX, XL

HARDCOPY  NOCOPY

KEY

END

VLG
LAG
SML
VSM

Fig. 12.1 The first figure on CRT for the mesh network

creation of A-region

SAMPLE DATA PWR 1420MW 1/8 CORE , ZONE 2 x| 00M —P x

ol A
6_
Y -AXIS
4_,
2_
sl
ok A
1 1 -+ 1 L |
0] 2 4 3] . B 10

PLEASE KEY—~IN C

HARDCOPY  NOCOPY

A-REGION

CREATION

NX =18

XL =20
KEY
END
VLG
LAG
SML
VSM

Fig. 12.2 The figure obtained after key-in of '18,9.0"
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SAMPLE DATA PWR 1420MW (/8 CORE, ZONE 2 #» LOOM-P =

A-REGION
/] ELEMENT
sl Ao DIVIDING
B
oo
Aslelele
ek BEREE
NEERERE
Yo AxIS slolodlolele KEY
NN BEERRE
al Tolololo|sloelole END
sloleololseloloe
HEPEREREERE
AR EREEERER VLG
S DB R R SRS LAG
ooloo[o[sle[o[slol8o o0 SML
ole|ololololcle[o[olo][solelo
Aoleio|slolslolelolo[olelelsloe VSM
ok Alelelololo]ele]e]ololelelele]eo]e EN
L | i 1 | | END
o} 2 4 6 10
X - AXIS

PLEASE PICK THE MENU OR & MARK

HARDCOPY  NOCOPY

Fig. 12.3 The figure before element-deviding for A-region

SAMPLE DATA PWR 1420MW 1/8 CORE, ZONE 2 * LOOM-P x

Q@ - REGION
slojole ELEMENT
BEEE DIVIDING
8r ool
slelele
ololole
solole
6 SO0 KEY
olelelo
X=AXIS QOO
RS END
ar olololelole]e)e
NN EREE
REERREER VLG
wlololeo[o[o]e LAG
Zr olololo[olele]e SML
BERREEEE
slolololelelole VSM
of REREPRER AEND
L 1 L L END
8 10 2 14
X-AXIS

PLEASE PICK THE MENU OR & MARK

HARDCOPY NOCOFY

Fig. 12.4 The figure before element-deviding for Ql-subregion
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SAMPLE DATE PWR 142CMw 1/8 CORE ,ZONE 2 % LOOM—FP %

A

8 ] 12 14 16
X —AXIS

PLEASE PICK THE MENU OR O MARK

HARDCOFY

NOCOPY

Q- REGION

POINT -

MOVE

REGION-2
KEY
END
VLG
LAG
SML
VEM

MENU

END

Fig. 12.5 The figure before node-moving for QZ2-subregion

SAMPLE DATA PWR 1420MW 1/8 CORE, ZONE 2

*LOOM—-P +
FINAL
é PLOT
8F -
6 -
KEY
Y- AXIS
al- END
VLG
2F LAG
SML
VEM
ot A MENU
1 i i : ) n ELEMENT,
0 2 4 6 8 10 POINT
REGION
X—-AXIS END

PLEASE PICK THE MENU

HARDCOPY  NOCOPY

Fig. 12.6 The first figure of the final plottings
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Fig. 12.7 Element map for A-region obtained from COM-copy
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Fig. 12.8 Node map for A-region obtained from COM-copy
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SAMPLE DATA PWR 1420MW 1/8 CORE., ZONE 2 % O0OM-Px
FINAL
zfc PLOT
3 L
2 b
N R A
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5. Conclusions

Users of the finite element codes suffer from the laborious preparation
of input data on finite element meshes. It is difficult to produce auto-
matically the good shaped meshes, in the sense of smoothly graded meshes,
for any shaped region. Fortunately, it has been found the QMESH just fits
to solve such a problem, though the program it two-dimensional.

The LOOM-P may be regarded just as an application of the QMESH. It is
easy to modify the LOOM-P for use éf other geometries, though it has been
programed for a special purpose.

As the on-line type graphic display has severe limitations to the data

-storage, the partitioned viewing technique is adopted in the LOOM-P. It

will be more useful to modify the LOOM-P so as to use a Tektronix keyboard
graphics terminal, because the terminal does not have limitations to the
data storage. In addition, one doesn't need probably some techniques used

in the LOOM-P as being unfit for the terminal.
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