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I
PREFACE

Junction Input—Generator (JIG), A NASTRAN Pre—Processor; Theoretical

Developmen t , User ’s Manual and Program Listing . This is the fourth

of a series of Project LIMIT Reports; the first two were on the

Planform Inpu t Generator (PING) and the t h i r d the Body Inpu t

Generator (BING).

The work reported herein is being carried out under task

No. SEA—18452/SF32—322—5O1, Ligh twei gh t Missile Struc ture , sponsored

by the Naval Sea Systems Command .

3. M. WACK

By d irec t ion
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FOREWORD

The objec t of Project LIMIT (L igh twe igh t  Missi le  Technology)

is to develop and provide computer analysis methods for missile

s t ruc tures .  Together w i th  the use of l igh twe igh t  mater ia l s, fabri-

cation techniques and rela ted technology, the design of a missile

wi th  optimized s t ruc tu ra l  elements can be made practical from a corn—

putational time and expense standpoint. The meri ts of these

techniques will permit different missile structural concepts to be

both thoroughly and repea ted ly analyzed in the development of an

efficient weapon system.

This work develops the third pre—processor code to increase

the utility of the NASTRAN prog ram for the design and analysis of

massive junctions in missile body structure. The first two pre—

processors which can be employed for l i f t i n g  surfaces and shell bodies

have been completed and reported .
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Project LIMIT Report

Develop- Computer
ment Code

Period Statue Repor t
PHASE - I PING

Planform inpu t genera tor (PING) July 71
Program develops finite element to Opera— NOLTR 73—199
models for missile lifting sur— June 73 tional NOLTR 73—228 -

faces and punches NASTRAN bulk
data cards.

PHASE - II BING

Body inpu t genera tor (BING) P~o- July 73
gram develops finite element to Opera- NSWC/WOL/TR 75—9
models for axi—symmetrical shell June 75 tional
body and punches NASTRAN bulk
data cards.

PHASE - III A MASSIVE JOINT
JUNCTIONS

Program develops finite element July 75 Opera— NSWC/WO~L/TR 77-85
models for massive joint junc— to tional
tions and punches NASTRAN bulk Aug 77
data cards.

PHASE - III B AERO-ELASTICITY
INTERACTION Under

PHASE - III C AERO-DYNAMIC Develop-
HEATING INTERACTION men t

Programs automatically calculate Aug 77
air loads and temperatures due to Future
to aerodynamic heating and punch June 81
NASTRAN bulk data cards.

9
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Chapter I

INTRODUCTION

The object of Project LIMIT (Lightweight Missile Technology),

sponsored by the Naval Sea Systems Command , is to prov ide modern

struc tur al analysis me thods together wi th l igh twei gh t ma terials ,

fa br ica tion techni ques and re lated technology where by a missile may

be designed economically and efficiently with weight—optimized

structural elements. The current phase of the work aims to promote

fin ite element techniques in the design and analysis of missile struc—

ture. The great speed and precision of these techniques would permit

a missi le  to be thorou gh ly an d repeatedly analyzed and thus provi de

a more e f f icient  weapon system.

NASTRAN , a general purpose finite element program for structural

analysis , was developed by NASA and is gaining wide acceptance through

the technical community especially among Naval Laboratories. It

is versa tile an d applies to a large class of static and dynamic

problems :

a. Static response to concentrated and distributed loads,

thermal expansion and enforced deforma tion

b. Dynamic response to transient loads and random excitation .

c. Determination of real and complex eigen values for use

in v ib ra tion analys is ,  dynamic stabili ty analysis and

elastic stability analysis.

10
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However, to prepare NASTRAN inpu t for a complica ted problem is

a large effort in itself. It includes the layout of grid mesh ;

calcula t ion of gr i d poin t loca t ions ; elemen t properties and their

connections to grid points; preparation of input sheets; and , f i n a l l y ,

punching of input cards. All th is work is ex tremely t ime consuming

and requires a team of specialists. Furthermore, possible occurrences

of human errors  together w ith unavoi dable redesi gn cycles would make

the analysis formidable . To remedy these difficulties , special inpu t

generation programs are being developed to automatically generate

f i n i te elemen t models and the associa ted NASTRAN inpu t for m issile

structures. This work will be completed in three phases. In the

ini tial phase a pre-processor has been completed for lifting surfaces;

the work was published in NOLTR 73—199 , entitled “Planform Input

Generator (PING), a NASTRAN Pre—processor for Lifting Surfaces —

Theoretical Development , User ’s Manual , and Program Listing ” December

1973. The second phase ~as concluded with a report entitled “Missile

Body Input Generator (SING), A NASTRAN Pre-processor , Theore t ical

Development , User ’s Manual , and Program Listing ”. This report was

published as a NSWC/WOL/TR 75-9 in March 1975. -

The third phase , concerned with massive bodies and junctions

in missile structure , is documented in this report. These three

ore—processors together can supply most of the bulk data cards for

a NASTRAN analysis of a complete missile structure.

This Junction Input Generator , designated as JIG, can rapidly

develop a finite element model and NASTRAN bulk data cards for any

massive body such asajoint or nozzle for elaborate structural analysis.

Chapter 2 discusses the background of the program and its applications.

11
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Chapter 3 presents the user ’s manual. Appendix A lists the complete

- program . Appendix B presents example problems with complete input

procedure and NASTRAN bulk data listings.

I!

12
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Chapter 2

MISSILE JUNCTION INPUT GENERATOR

JIG, wr i t ten in FORTRAN , can generate the finite element model

for a massive shell junc tion and mos t of the bulk da ta cards r equired

for NASTRAN application . Figure 1 shows the functions of JIG and

its relation wi th NASTRAN .

This code has the option of punching out various combina tions

of bulk data cards , listed in Table 1, to avoi d accumula ting thousands

of unwanted cards. This feature is especially feasible in the design —

redesign cycles where most of the NASTRAN input remain unchanged .

Table lu s t s  punch options for the connection and grid cards ,.

These include:

a. Triangular Plate Element (CTRIA2) only.

b. Triangular Ring Element (CTRIARG) only.

c. Triangular Ring and Plate Elements (CTRIA2 and CTRIARG).

d. Polyhedron Elements (CWEDGE) only.

e. Grid cards punched or not punched.

The three d imensional axisymmetr ic  tr iangular  r ing  elemen t

(CTRIARG) and the solid polyhedron element (CWEDGE) are employed here

as the basic fini te elements for the anlyses of massive body and

joint structure. The inclusion of CWEDG E is provided for the

capability of analyzing non—axisymmetric bodies and also the

compatibility of this element with other NASTRAN elements.

13 
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JIG 
j

‘I, ‘1 1~• F GRIDPOINT SOL ID3-D MPC CARDS I
I COORDINATES ELEMENTS CONNECTING BING~J

AXISYMMETRIC 3-D
RING POLYHEDRON

ELEMENTS ELEMENT

I I

1 1
PUNCHED CARDS FOR

NASTRAN BULK
DATA INPUT

INPUT CARDS 
NASTRAN

_ _  _ _  _  _  1 _ _

STAT IC EIGENVALUE TRANSIENT STABIL ITY ~ OTHER~~~~
j

FIG. 1 FUNCTIONS OF JIG/NASTRAN
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Table 1

JIG Outpu t Punch Options

Connection Cards

Punch Options Type (s) of Element Cards

0 CTRIA2 only

1 CTRIARG only

2 CTRIA2 and CTRIARG

3 CWEDGE only

Grid Cards

Punch Option Comment

0 grid cards punched

1 gr id cards not punched

15
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Using JIG , only a typical c o n f i g u r a t i o n  in R—Z plane wi l l  be

required for the creation of the three—dimensional finite element

model. JIG will calculate and punch the GRID and/or the connection

cards for the entire structure. The same subroutine developed in

PING is adopted here for computing the mesh points and the boundary

points.

Control points along the boundaries are input to define the

confi’~juration , then addit ional  boundary poin ts are calculated by

the program . Finally the internal mesh points are calculated by

the method of iteration . Figures 2 and 3 show the control points

A,B,C,D,E and F and the mesh points.

For a tapering mesh such as Figures 2 and 3 the transition

technique from PING can be applied to great advantage. This technique

reduces the number of mesh points in the narrower sections thus

yield ing a f i n i te ~1ement model with better proportioned elements.

Figure 3 shows the mesh of such a finite element model and an example

can be found in Appendix B.

2.1 AXIALLY SYMMETRICAL JOINTS AND NOZZLES

Most massive junctions and nozzles are axially symmetrical

structures. Hence the axisymmetric triangular ring element (CTRIARG)

can be advantageously employed , despite the incompa tibi l i t y  of this

element with other NASTRAN finite elements. For the convenience

of modeling a nozzle type configuration , curved boundary between

two boundary points has been incorporated in this program . The

following equat ion

16
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FIG. 2 MESH PLANNING

J,R
C
A ~~~~~~ J=4

Ic
~~~~~~

c, I J R Z
A 1 1 6 3

B E J ~3

C 2 4 11 5
J~2 0 4 4 11 7

E 5 3 9 9
A F J-1 F 5 1 6 9

I—i =2 —3 —4 1=5 — — — — —
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FIG. 3 MESH WITH TRANSITION FEATURE
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R =  R0 + AZ + BZ 2 + C Z 3 + D cos (EZ + F) (1)

can be fitted to many practical shapes. In Figure 4 is Shown a cross

section resembling a nozzle. The curve between a and e has the

parame ters R0 = 4.5; A = — .375; B — .15 and C = .025 while that

between e and d has R0 = 5; A = —1.35; B = .18 and C = — .006. The

dots between a and d are plotted from an equation having R0 = 4.5;

A = .5676; B = — .1; C = .0033; 0 = 3.2517; E — ir/lO and F = .5ir .
It can be seen tha t the dots follow closely to the curves therefore

is an excellent alternative. Of course , if grea ter accuracy is

desired , more control points may be employed between a and d.

The polyhedron elemen t can also be used in the analysis of

axisymme tric problems. However , the simpler r in g elemen t should always

be used whenever possible. The polyhedron element which can be used

wi th other elemen ts such as the pla te elemen t, etc. is prov ided for

the analysis of a junction model consisting of shell segments.

However , only a sector of the s t ruc ture  is needed to be analyze d

with the application of axisyminetric constraints. To create the

f i n i te element model for the sector , a typical meridian configuration

must be developed . JIG will then calculate and punch the GRID and/or

connection cards for the entire sector .

2.2 BAYONET JOINTS - AXIALLY UNSYMMETRICAL CASE

Only the polyhedron elemen ts can be employed in an axially

unsymmetrical model. Take, for example, a bayonet join t shown in

• Figure 5. This joint has two typical meridian cross sections as

seen in Sections A-A and B-B. However Section A—A actually contains

the configuration shown in Section B—B , therefore , only Section A—A

is required in the development of the model. Figure 6 shows part

18
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• R

• b 
R=4.5 - O.375Z - O.15Z2 + O.025Z3

(a~~Z~~e) d
a

R=5 • 1.35Z + O.18Z2 - O.006Z3
e

(e~~Z~ d)

-
0 z

• R=4.5+ O.5676Z- 0.1Z2 + 0.0O33Z3
~~3.2517SIN~T/10 Z

(a~~Z~ d)

FIG. 4 NOZZLE CROSS SECTION. CURV ED BOUNDARY
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A

-

A - A

FIG. 5 BAYONET JOINT

SUB-REGIONS

J ,R A 1 17

I—i 1=3 1=5 1=7 1=9 1=111=13 I 1 7

0 I, Z

FIG. 6 MESH OF PART OF BAYONET JOINT
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of the bayonet jo in t  which wi l l  be developed by JIG . The mesh is

divided into seven subregions in the Z d i rect ion. Each subregion

requires  the same types of input , therefore , the input cards become

increasingly bulky wi th  more subregions. JIG wil l  generate the Sector

that  Section A-A applies. For the next  sector that  Section B—B

applies JIG simply ignores those elements which do not belong , i.e.,

elements from J = 4 and above in subregions 1, 2 , and 3. This cycle

wil l  be repeated un t i l  the jo in t  is developed completely .

A demonstrat ive example can be found in Appendix B.

2.3 THREADED JOINTS

A threaded joint has a large number of teeth therefore a large

number of subregions. To avoid inputting repeated data, a special

provision to simplify input for repeated subregions is implemented

so tha t the subsequen t teeth can be genera ted from the inpu t of a

typical subregion as shown in Figure 7. This is done by a trans-

formation process, therefore , every repeated subregion has an

identical mesh with unique grid points. Then either the ring elements

or the polyhed ron elemen ts will  be connected to the gr id  poin ts to

form a fini te element model.

2.4 JIG AND BING COUPLING

When the polyhedron elements are employed in the model, other

NASTRAN elements can also be used in the same model. The common

grid points that connect these two different elements must be con-

strained to achieve compatibility conditions. In missile structure

the most common combination is the triaxial polyhedron elements to-

gether wi th the plate elements which are developed on thin plate

theory. Take a shell— joint junction as an example, the f i n i te element

21
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model has polyhedron elements in the th ick  part and plate elements

in the shell areas.

In F igure  8 is shown such a model , the plate elements

represen ting the shell connect the polyhedron elements at a radius

where g r id  point M is located . U and L are the g r id  points above

and below M respectively. All three points are located on a junction

line along the intersection of e = O
~ 

and Z = Z1 planes. The grid

point M connecting a plate element has f ive  degrees of freedom while

U and L have only three degrees of freedom as shown in the f igure.

To insure shel l—joint  in teract ions the following constraints mus t

be imposed.

U1 = M 1 (2)

U2 = M2 + (Ru — TM )M 6 (3)

U3 = M3 + (RM - Ru )Ms (4)

L1 = M 1 (5)

= M2 + (R L — RM )M 6 (6)

L3 = M3 + (R M — RL )M 5 (7)

Equation (2)  through (7)  can be input by means of Mult ipoint

Constrain ts Cards ( MPC) . For every common gr id  point M JIG will  auto-

matically set up the six equations and punch out the MPC cards. The

gr id  points to be used as M , L and U are JIG input and are specified

by their  (I , J) location .

There are three options which can be selected by the user;

namely : left coupling , r igh t coupling or couplings on both sides

of the massive s t ruc tu re .  In any case , BING must be employed to

generate the shell part  f i r s t , then JIG can proceed to create the

jo in t  par t  and the coupling . The g r id  point numbers of M where

23
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couplings are desired mus t be inpu t in to the JIG and can be obtained

from the BING model.

2 .5  OTHER USEFUL FEATURES

Developed in BING are the following fea tures  which make possible

the development of a complex f i n i te elemen t model for NASTRAN analy-

sis. These capabilities are also retained in JIG for the same reason.

1. TRANSITION OF MESH SIZE

This fea ture has been shown in Figure  3 in wh ich transi tions

are carried out in the J direction . The I and J directions must

be oriented as indicated in the figure,i.e.,I is direc ted along z

axis and J is directed in the R axis.

2. DISPLACEMENT OF POINTS AND LINES

Any points and/or lines can be placed at prescribed locations

by means of this feature.

3. PRESCRIPTION OF GRID POINT NUMBER

To facilitate the joining of two structural components and

eliminate the otherwise required Multipoint Constraints Cards (MPC)

at the common gr id  points , th is  preprocessor has the provision for

inputting pre—assigned numbers for any grid points.

4. CONTROL OF NUMBERING GRID POINTS , FINITE ELEMENTS AND

CONTINUATION CARDS

This provision avoids duplication numbers in grid points,

f i n i t e  elements and cont inuat ion cards , especially wi th  separate

JIG runs. NASTRAN will reject any such duplicated numbers in the

bulk data deck. To provide th i s  capabi l i ty  the beginning numbers

of these cards must be input and the last number used are tabulated

214
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in the output of a JIG run so tha t in the subsequent run , proper

beginning numbers can be selected.

25
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Chapter 3

USER’S MANUAL

JIG, wri tten in FORTRAN , can generate the f i n i te element model

of a joint  type junct ion and most of the bulk da ta cards required

for NASTRAN application . This code is capable of generat ing an

axisymmetric triangular cross section ring element (CTRIAG) or a

three—dimensional  solid , w i t h  three quadr i l a t e ra l  faces and two

opposing tr ian gular faces , (CWEDGE). The triangular membrane and

• bending element (CTRIA2) can also be generated for a two—dimensional

problem. Table 2 list the different element punch options available.

This section presents card formats in sequential  order which

must be followed exactly when preparing the JIG input. There are

18 car d types altogether , however , the number of car d types to be

used wil l  vary depending on the type of problem encountered . The

user should start from card type 1 and proceed through 19. Any card

types to be omitted or put in more than once will be identified in

the instruction .

26
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I

Table 2

JIG Element Punch Options

Punch Type(s) of Connection Cards

0 CTRIA2 only

1 CTRIARG only

2 CTRIA2 and CTRIARG

3 CWEDGE only

27/28

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~



- 

NSWC/WOL TR 77-8 5

3-1 FORMAT OF JIG CARD TYPES
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CARD TYPE 1 - TITLE CARD

FORMAT (l3A6 )

Col.

1—78

ANY ALPHANUMERIC STATEMENT

31
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CARD TYPE 2 - PROGRAM CONTRO L CARD

FORMAT (815)

Col.

1—5 6—10 11—15 16—20 21—25 26—30 31—35 36—40

NST NGS NES NPOP MID NGP IDELT NSECT

DEFINITI ONS

NST = num ber of section types

NGS = s tar t ing  gr i d poin t number

NES = s t a r t ing  element number

NPOP = element punch option

= 0 punches CTR1A2 car ds only

= 1 punches CTR1ARG cards only

= 2 punches CTR1A2 and CTR1ARG

= 3 punches CWEDG E only

MID = ma te r i a l  i den t i f i ca t ion  number

NGP = g r id  card punch option

= 0 grid cards punched

= 1 grid car ds not punched

IDELT = 0 axisymmetr ic  r i ng  element

= 1 3—D solid (wedge) element

NSECT = number of different cross—sections

(for solid wedge only)

32
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CARD TYPE 3 - REPEATED

FORMAT (715)

Col.

1—5 6— 10 11—15 16—20 2 1—25 26—30 31—35

NT (I) NT (I+l) NT (I+2 ) NT (I+3) NT( I+4 ) NT (I+5) NT (I+6)

DEFINITION

NT(I) = number of section type I

33
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CARD TYPE 4 - REPEATED SECTION DATA

FORMAT (7F10.4)

• Col.

1—10 11—20 21— 30 3 1—40 41—50

DELTZ (1) .DELTZ (I+l) DELTZ (I+2) DELTZ (I+3) DELTZ (I+4 )

Col.

51—60 61—70

DELTZ (1+5) DELTZ (1+6)

DEFINITION

DELTZ(I )  = leng th of repeated section (Z—value)

( for N T ( I )  = 1, DELTZ(I) = 0.0)

314
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CARD TYPE 5 - THETA REGION DATA

NOTE: If IDELT = 0, do not input

FORMAT (315)

Col.

[~
—5 6—10 11—15

I NDT ICLOSE

DEFINITION S

NDT = number of different theta regions

ICLOSE = 0 fu l l  360° segment

= 1 segment less than 3600

DELGP = element number to be added to orginal

number for each the ta section

35
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CARD TYPE 6 - THETA REGION DATA

NOTE: If IDELT = 0, do not inpu t

FORMAT ( 5 ( I 5 ,F l 0 . 4 ) )

6-15 16-20 21—30 ... ] 61-65 66 — 75
KK(l) THETA (l) KK(2) THETA(2)1 KK(N) THETA (N)

DEFINITI ONS

KK (N) = integer used to determine ~8,

used in the following equation

= THETA(I+l) - THETA(I)

KK(I+l) — KK(I)

THETA(N) = theta value at KK (N)

Example NDT = 2, ICLOSE = 1

K K ( l )  = 1, THETA (1) = 0.00

KK(2) = 4, THETA (2) = 90.0 0

KK(3) = 6, THETA (3) = 180.0°

36
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CARD TYPE 7 - VARIABLE CROSS-SECTION DATA

NOTE: Input only if IDELT 1

FORMAT (7FlO.4)

Col.

1—10 11—20 ... 61—70

BETA (1) BETA (2) BETA (N)

DEFINITION

BETA (N) - angles where change of cross—section

occurs, (include initial and final

angles of the joint)

NOTE: For constant cross—section (NSECT = 1) only input initial

and final angle of joint.

—~~~~ - 
-

— - 
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CARD TYPE 8 - VARIABLE CROSS-SECTION DATA

NOTE: Input only if IDELT = 1.

FORMAT (815)

Col.

1—5 6—10 11—15 16—20 ... 31—35 36—40

JB(l) JE(l) JB(2) JE(2) JB (N) JE(N)

DEFINITIONS

JB(N) - minimum J-value of mesh to be included in subsector N

JE(N)  — maximum J—va lue of mesh to be included in subsector N

NOTE: For constant cross-section (NSECT = 1),

only input JMIN and JMAX for JB (l) and JE(1).

38
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CARD TYPE 9 - SECT ION DATA

NOTE : Repeat card types 9 th ru  15 NST times.

FORMAT (1215)

Col.

1—5 6—10 11—15 16—20 21—25 26—30 31—35 36—40 41—45

NEEP JMIN JMAX MINI MAX I NHO NPO NTR JMINJ

Col.

46—50 51—55 56—60 1

JMAXJ NPS MPC

DEFI NIT IONS

NEBP = number of external boundary points to be input for section

JMIN = minimum 3—value of section

JMAX = maximum J—value of section

MINI = mimimum I—value of section

MAXI = maximum I—value of section

NHO = number of prescribed internal lines and points (i.e., for

one line and one point , NHO = 2)

NPO = tooth code = 0 for flat tooth (or no tooth)
= 1 for poin ted tooth

NTR = number of transitions in section

JMINJ = minimum J—value of junct ion between sections

JMAXJ = maximum 3—value of junction between sections

NOTE: If NST = 1 and NT(1) = 1, JMINJ = JMAXJ = 0

NPS = permanent single point const ra int  associrted wi th  gr id  points

(any of the digits 1-6 with no imbedded blanks)

MPC = 0 MPC equations not punched

= 1 MPC equations to be punched

39
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CARD TYPE 10 - MPC DATA

NOTE: if MPC = 0, do not input.

FORMAT (IS)

Col.

1—5!

NB~j
DEFINITI ON

NBO = number of boundaries MPC equa tions are to be punched for

(= b r  2)
I

140
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CARD TYPE 11 - MPC DATA

NOTE: Input NBO cards (do not input if MPC = 0)

FORMAT (915)

Col.

6— 10 11—15 16—20 21—25 26—30 31—35 36—40 41—45

[IU M JU(M ) M I ( M )  JM(M ) IL(M )  LJ (M) LS (M) ICONST(M ) JCONST(M )

DEFIN ITIONS

IU(M) , JU(M) = I, J Loca tion of upper grid point

in MPC equa tion

MI(M), JM(M) = I, J Location of mi ddle g r id  poin t

in MPC equa tion

IL(M), LJ(M) = I, J Loca tion of lower gr i d poin t

in MPC equa tion

LS(M) = Repeated section number for which

the MPC equa tions are to be wr i t ten

(i.e., f i r s t or last; = 1 if section

is not repea ted)

~~~ 
} = constan t I or 3 for line of points given

above (only one gets a value , the other

is 0)

141
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CARD TYPE 12 - TOOTH POINT DATA

NOTE: Do not input if NPO = 0

FORMAT (IS, 2FbO .5)

Col.

6—15 16—25

ZP XP

DEFINITI ONS

JP = J-value of tooth point ( =JMAX + 1)

ZP = Z—value of tooth point

XP = X— or R—value of tooth point

142
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CARD TYPE 13 - BOUNDARY POINTS

NOTE: Input (NEBP + l)/2 cards

FORMAT (215 , 2FlO .5, 215, 2F10.5)

Cob.

1—5 6—10 11—20 21—30 31—35 36—40 41—45 46—55 56—65 66—70

Ii Ji Zl Xl ICl 12 J2 Z2 X2 1C2 1
DEFINITION S

In = value of I—line for point n

Jn = value of J—line for point n

Zn = Z coordinate of point n

Xn = X or R coordinate of point n

1 straight line to next point

= 2 curved line to next point; card type

ilA required

Order of car d type h A

If IC1 = 2 card type llA follows

If 1C2 = 2 card type h A  follows next

car d type 11

If IC2 = 2 in the last card type 11,

card type h A  follows

143
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CARD TYPE 14 - CURVED BOUNDARY EQUATION

FORMAT (7FlO.4)

Col.

1—10 11—20 21—30 31—40 41—50 51—60 61—70

RO A B C D E F

DEFINITI ONS

RO

A

B

C = Coefficients in the boundary expression

D for X (I ,J) (or R(I,J))

E X (I ,J) = RO + A * Z(I,J) + B * Z(I,.7)

F + C * Z(I,J)3 + D * cos(E * Z(I,J) + F)

NOTE: Actual Z used in above expression

14 ) 4
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CARD TYPE 15 - PRESCRIBED LINE S AND POINTS DATA

NOTE: Do not input if NHO = 0

FORMAT (1015)

Cob.

1—5 6—10 ... 46—50

NPH(l) NPH(2) NPH(N)

DEFINITION S

NPH(N) = 1 for a fixed point

= 2 for a fixed line

( N =l , NHO)

145
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CARD TYPE 16 - LOCATION OF PRESCRIBED POINTS AND LINES

NOTE: Input NHO cards

FORMAT (215 , 2FbO .5, 415, 2F10.5)

Cob.

1—5 6—10 11—20 21—30 31—35 36—40 41—45 46—50 51—60 61—70 1
Il Jl Zi Xl NG 1 IPO 12 J2 Z2 X2

DEFINITI ONS

In = value of I—line for point n

Jn = value of J—line for point n

Zn = Z coordinate of point n

Xn = X or R coordinate of point n

NG1 = f ixed grid point number

= 0 for fixed Z and X location only

> 0 for grid point numbers to go in

increasing order (only for a line)

< 0 for grid point numbers to go in

decreasing order (only for a line)

IPO = gr i d card punch option

= 0 grid card not punched

= 1 grid card punched

NOTE: For fixed grid point numbers only

set X < fl.0

146
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CARD TYPE 17 - TRANSITION DATA

NOTE: Do not input if NTR = 0

FORMAT (IS)

Cob.

1—5

INTN

DEFINITION

INTN = a constant for the initial J—line to be

determined by the following equation

- N + 1 N

‘N 
= I—value of the initial 3—line

147
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CARD TYPE 18 - TRANSITION DATA

NOTE: Input NTR cards

FORMAT (215)

Cob.

1—5 6—10

JT (N) NTNT (N )

DEFINITIONS

JT(N) = J—value at the end of the Nth transition

NTNT(N)= constant for JT(N) line to be determined

by the following equation :

2NTNT(I) — i — iN + l  N

F: ‘N = I—value of the Nth transition line

-
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CARD TYPE 19 - MPC CONSTRAINT DATA

NOTE: Input only if MPC = 2.

FORMAT (1015) Input  NBO cards.

Cob.

1—5 6—10 11—15 16—20 21—25 26—30 31—35 36—40 41—45 46—50

CZ CN CO CT CB CZM CNM COM ] CTM CBM

DEFINITION S

CZ = Permanent single point constraints for e=O~

n 5 C N  = Permanent single point constraints for 8=900

CO = Permanent single point constraints for 8=180

~~ J CT = Permanent single point constraints for 8=2700
Q~

. I
= Permanent single point constraints for all other 0’s

CZM = Permanent single point constraints for e=o°

~ \ CNM = Permanent single point constraints for 8=90°

COM = Permanent single point constraints for e=18o:

~~ / CTM = Permanent single point constraints for 8=270

E O.
~LCBM = Permanent single point constraints for all other 8’s

149/50

_________________ 
__________ - 

~~~~~~~~~~~~ 
-- - 

•---~~~~~---- ..z... -
~~~~

—.——— — -— 
• : _ •• — -



NSWC/WOL TR 77-85

APPENDIX A

JIG FORTRAN LISTING
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PROGRAM J IG(INPUT,0UTPUT, TAPF5 2IP~PUT ,TAP(6zOUT PUT ,PUNCH)
C ~~~~ JUNCTION INPUT GFNERAT OR PROGR AM (JIG)

DIMENSION X (30, 301 ,Z (30,30) ,NT (i 0),NG (30,30) ,OELTZ (I0) ,CODE( 30,30) BUG
DIPWNSION NGF (30 ,30),I(SKIP(30,30) ,KK (1O) ,THETA (tO), J 9(t0),J((10)

1 ,RETA (iO) ,IMIN (i0) ,IMAX (30) ,TITLF (13)
COMMON X,Z,NG ,CODF,NG F,KSKIP ,NSECT ,-J8,JE,BETA ,T HETA ,IM IN ,INAX ,J M AX
tl,JMINI
COM MON MPC ,IU(2),JU(2) ,IN ( 2),JM(2 ) ,IL(2) ,JL (2 1 ,ICON,LS (2)
COM MON ICONST 2) ,JCONST(2)
INTEGER C ODE
ICO N I
PR INT 99 BUG
WR lIE (6, 80 0)
WRIIF (6,800)
WQ IT F (6,801)
WRITF (6,802)
WRITF (6,80t)
WPITE (6,800)
MR I IF (6, 800)
W RI E (6,80~ )
R FA O (5 ,500) ( I IT LF( I), I=t , 13)
WR IT F (6 , 50 1 ) (T I T ’ .F( I) , I=I,13)
READ (5 ,302 ) NST ,NGS, NES ,NPOP,PIIC,NGP,IDELT ,NSECT
WQI T E( 6 ,502) NST ,NGS,~~~S, N P O P ,M IC,NGP,IDELT , NSECT
121 BUG

7 RFAI (5 ,307) NT(t),N’(I+t),NT (142) ,NT (I+i) ,NT (I+-),NT(I+5) ,NT (I+6) BUG
RFAO ( 5,30~~) DELTZ (I) ,OELTT (t+II,CELTZ (t ,2),DELTZ(I,3),OELTZ (I+4), BUG

1OELTZ (I+5) ,DFLT~~(I,6) BUG
121+7 BUG
IF (T.LT.NST) GO V O BUG
00 10 J21,NST

10 WRITF (6,503) J,~4T (J),J,DELTZ (J)
IF (IDELT.F O.0) t~ O TO ~
PF A’~i (5,41t) ND T ,ICLOSE ,OELGP
WRI TF (6,50’.) NDT ,ICL OSE ,OFLGP
IF 2 ~1o 1+1
PFAD( 5 ,410) (KI((J),TNFTA( J),J21,IF )
00 1.1 L=1 ,IF

11 WRIIF (6,505) L ,KI((L),L ,TI4FIA (L)
MAD = KK (NOT 1) —i
(15 NSECT + t
READ (5,30~~) (PF TA (I.14) ,L M= j ,NS)
flO 12 t1 1,NS

12 W °ITF (6,506) M,~ ETA (M)
R EA D 5,302) (JB (LN ) ,JF(L N) ,LN I,NSFCT )
00 13 N=l ,NSECT

13 WRITF(6,507) N,J8(N),N,JE(N)
3 1=1 BUG

PRINT 99
00 700 L 1 , N5T BUG
NN NT (I) . BUG
~~ 600 L1 1,NN BUG
CALL TOOT H (JM IN ,JM AX ,MIN I,MAX I,NPC,NTR ,JMINJ ,JIAXJ,OELTZ ,LL,L ,NPS,

IIDELT,M*D )
CALL PUNC I4R (JMIPI ,JMAX ,MIN I, IIAX I,NPO,NT ,N TR ,L ,JMINJ ,JMAX J,NGS

1,LL ,NFS ,NPOP ,MIC ,NGP ,IDEL T ,NDT, ICLOSE ,DELGP ,KK , IPS)
600 CONTINUE BUG
700 121+1 BUG
99 EORMAT(1P41) BUG

302 FORMAT (815)
30’. rOR MAT (7FI0 .~.P B UG
‘.10 FORMAT (5 (15, Etfl .4))
411 FORMAT( 315)
508 EORMA ’ (13A6 )

A-i

-- -, ~~~~~~~~~~~~~~~ -.. 
- .

~~~~~~ - —



— —--.:~~~
------- —----•- ---——- - .——-•-  

~~~ . -r ------— --— —--..---•, - --—~~~~~~~~~~~~~~~~ 

NSWC/WOL TR 77—86

~0t FORMAT (ISX ,t3A6,F/)
502 C O R M A T ( 1 0 X ,6HNST = ,15,F,IOX,6HNCS = ,I5,/,IOX ,6HNES = ,I5,~~,1OX,7

IMNPOP = ,15,/,IOX ,6HMIO = ,X5,/,IOX,6HNGP = ,15, / , j O X ,8IIIDEL T = .1
~ 5 ,/ , 1 0 X ,8HNSFCT = .15)

503 FORMA T (IOX ,3HNT (,I2,I.H) = ,15,5X ,6HOELTZ (,12,4H) = ,F10 .4 )
50’ . c O R M A T ( l QX ,6$4N0’ = ,I5,/,tO X,9HICLOSE = ,15 , / , 1)X ,8 HDELGP = ,15)
505 FORMAT (IOX ,3HKK( ,I2,’.H) = ,15,5X,6HTHETA (,I2,’.H) = ,F10.1.)
506 F0 R , I A T ( l o x , S H B r T A ( , I ? , 1.H) = ,E10.4)
507 F0RMAT (IOX,3HJ9 (,12,l,H) = ,I5, 5X ,3HJ E(, 12,4H ) = ,I5)
800 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
801 FORMAT (35X ,2H”,46X,2H”)
802 F0RMAT (35X,2H~~ ,3X ,L.0HJUNCTION IKPUT GENERATOR PROGRAM (JIG),

13X ,’H~’)883 EORMAT(/~~ /~ )
END BUG
SUBROUTINE TOOTH (JMIN ,J’IAX ,MINI, (~A XI ,NPO,NTR,JMINJ ,JMAXJ ,DELTZ,LL,

1L,NPS,IDELT,MAO)
OIMFNSION X (30,30),Z(30,30),CODE(30,30),NPH (10),IHINI3O),IMA X (30) TOOTH
DIMENSION NJ7(30),N7(30),NG (30,30),DELTZ (10),NGF(~ 0,30),KSKIP(30, TOOTH
130),JB(iO (,JE (10),RFTA(10) ,THETA (iO )
COMMON X ,7,NG ,COflF,NGF,KSKIP,NSECT,JB,JE,BETA ,TIIETA ,IMIN,IMA X,JMA X

11,J’4IN1
COMMON MPC,IU (?),JU(2),14I(2),JM(2),IL(2),LJ (2),ICON,LS(2)
COMMO N ICONST (2),JCON ST(2)

C ‘~~‘ TNIS SUBROUTINE CALCULATES THE GRID POINT COORDINATES OF ANY TOOTH
C “ SECTION. TOOTH

IP4TrGFR CODE TOOTH
IF(LL.GT.1P GO TO 800 TOOTH
READ (5, 10) NFB~ ,JMIN ,JMAX ,P1INI, P~AX I ,NH0,NPO,NT~ ,JMIN J,JMaX.J,NPS,

1MPC
C ’s” INITIALIZE TOOTH

JRA’I = JMAX — JMIN +1 TOOTH
IRA N = MAX !  — MINI +1 TOOTH 1
IRNN = IRAN + 1 TOOTH
JRNN iRAN + 1 TOOT H
00 ‘0 J = 1,JRNN TOOTH
00 15 ~ = 1,IRNN TOO TH
X(I,J) = 0. TOOTH
Z(I,J) 2 0. TOOTH
NG(I,J) 0 TOOTH
NGF (I,J) 0 TOOTH
KSKIP(I,J) 0 TOOTH

15 CODE (I,J) 0 TOOTH
IMIN(J ) = 1000 TOOTH

20 IMAX (J) = 0 TOOTH
00 21 1=1,30 TOOTH
N JT ( I )z 0  TOOTH
N7(I) 0 TOOTH

21 CONTI NUE T OO TH
IF(MPC.EQ.0) GO TO 200
RFAO (~~,49) NRC
00 201 (1 1,NBC

201 PEAD(5,1.9) IU(M),JU(M),MI(N),JM (M),IL(M),LJ(P(),LS(M),ICO NST (M),
IJCONST (M)

~~~~~~ READ EXTERNAL POUNOAR Y NODAL POIN T DATA TOOT H
200 IF(NPO.EO.0) GO TO 1

REAO (5,26) JP,ZP,XP TOOT H
CODF (1,JP) t TOOTH
Z(1,JP) 2P TOOTH
X(i,JP)=XP . TOOTH

‘.NCC O TOOTH
NB = (NEBP+t) / 2 TOOTH
N B C = 2 ’ N B  TOOTH
00 17 N = 1,N9 TOOTH
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RFAD(5,25) 11 ,J1 ,Z1,X1 ,ICI ,I2,J? ,Z2, X2,1C2
CODF ( I1,J1) = I TOOTH
CODc U2,J?) = I TOOTH
?(I1,Jt) = 71 TOO TH
X ( I 1 ,J1) = Xl TOOTH
~(I7 ,J2) = 72 TOOTH
X(I2 ,J2) = X2 TOOTH
!F(N .E Q.1) (0 TO 5 TOOTH
IF (N .EO.NB) GO TO 6 TOOTH

309 IF(IFC.EQ.1) GO TO 7
311 Q F A D ( 5 , 3 0 2 )  P f l , A ,B ,C, 0, F,F

7 NST FPS = MA X O ( IA 9 S ( I 1 — I F ) , I A B S ( J t — J F ) )  TOOTH
!STFP = ( I l—IF)  ~NSTE PS TOOTH
JSTEP = (Jl—JF) /NSTFPS TOOTH
DO = NSTFPS TOOTH
DZ= (Z1—ZF)/OO TOOTH
DX = (Xi—XF)/0D TOOTH
00 8 NST = l,NSTEPS TOOTH
I = IF + ISTFP ‘(1ST TOOTH
J = JF • JSTEP •NST TOOTH
IF(CODE (I,J).FO.1) GO TO B
Z(I,J)=Z(I—ISTFP,J—JSTEP) + DZ TOOTH
IF(IFC.EO.2) GO TO 312
X(I,J) = X(I—ISTFP,J—JSTEP) + DX TOOTH
GO TO 313

312 Y(I,J) = P0 + A’Z(I,J) + B’Z(I,J)’Z(I,J) + C~ Z(1,J)’Z(X,J)’Z(I,J)
O’COS (F’Z(I,J) + F)

313 COOF(I,J) = 1
8 CONT INUE TOOT H

IFC = IC2
IF(~1CC.EQ.t) GO 10 17 TOOTH
Zc Z2 TOOTH
XF = Xe TOOTH
IF = I? TOOTH
JF = J2 TOOTH
GO TO 12 TOOTH

5 XL = Xl TOOTH
ZL=’ l TOOTH
XF = X2 TOOTH

TOOTH
LI = II TOOTH
Jt. = ii TOOTH
IF = 12 TOOT H
JF = J2 TOO TH
IFC = IC2
GO ~O 12 TOOTH

6 IF(NBC.EQ.NFB P ) GO TO 9 TOOTH
NSTEPS = P4AXU(t$BS (LI—It ),IABS(JL— Jl) ) TOOTH
!STFP = (L I—I l )  /NSTFPS TOOTH
JSTFP (JL—J1) ~NSTFPS TOOTH
00 = NSTE°S TOOTH
DZ (71—21 ) /00 TOOTH
OX = (XL —Xl) ~0O TOOTH
00 11. NST = l,NSTEPS TOOTH
I = II + ISTEP ‘NST TOOTH
J Jl + JSTFP ‘NST TOOTH
IF (CODE (I,J).FQ.1) GO TO 1’.
Z (t,J) Z (I—ISTFP ,J—JSTE P) + DZ TOOTH
!E(TCI.EO.?) GO TO 315
X (I,J) = X (I—ISTEP,J—JS TF~~) +DX TOOTH
GO TO 316

315 X(!,J) = PU + A’Z I,J) + B’Z(I,J)’Z(I,J) + C’Z(I,J)’Z(I,J)’Z(I,J)
1 + fl’COS (F’2(I,J) + F)

‘16 COO~~(I,J) = TOOTH

A-3



NSWC/WOL TA 77—85

I’. CONTINUE TOOTH
P4CC = I TOOTH
60 10 309

9 NSTEPS = MA XQ (I4flS( L I— 12 ),IABS (JL— J2 ) ) TOOTH
ISTFP = (LI-I?) /NSTEPS TOOTH
JSTFP = (il—i?) /NSTE~ S TOOTH
DO = NSTEPS TOOTH
IF (IC’.EQ.2) ~EAD(5 ,302) ~0,A ,B,C,D,F,F
07 (ZL—2 2) /00 TOOTH
DX : ( X L — X 2 )  /00 TOOTH
00 11 NST = 1,NSTFPS TOOTH
I = I’ + ISTFP ‘NST TOOTH
J = J 2  • JSTF P ‘NST TOOTH
IF(000F2(I,J ) .FO.l )  GO TO It
Z ( I , J ) = Z ( I — IS T F P ,J— JSTF P) + 07 TOOTH
IF(ICC.EO.2) GO TO 305
X (I,J) = X(I—ISTFP,J—JSTFP) + DX TOOTH

GO TO 306
105 X ( I ,J )  = PU + A’Z I,J) + B’Z(I,J)’Z(I,J) + C’Z(I,J)’Z(I,J)’Z(I,J)

1 • D’ COS( F’Z ( I ,J )  + F)
106 CODE(I,J) = I TOOTH
II CONTINUE TOOTH

CO TO 309
12 IF(ICI.EQ.2) cFA D 5,302 P0 ,A ,B ,C,D,E,F

NSTFPS = MA X O f I A PS ( I 2 — I 1 ) ,IABS IJ2—Jl ) )
ISTFP = ( IC—Il l  /NSTEPS TOOTH
JSTFP = (J2—J1) /P4STFPS TOOTH
DO = NSTFPS TOOTH

- ‘ OZ (12—7i)/O0 TOOTH
DX = (X 2—Y 1)  /00 TOOTH
DO 18 NST = I, NSTFPS TOOTH
I = Ii + ISTEP ‘NST TOOTH
J = ii + JSTFP ‘NST TOOTH
IF(COOE( !,J) .FO.l)  GO TO 18
Z ( I , J)=Z ( I— IST F P ,J—JST EP) + OZ TOOTH
tE(ICi.EQ.2) GO TØ 3~ 3
X (I,J) = X ( I—ISTF P ,J—JSTEP ) + OX TOOTH
CO ‘O 30’.

303 X ( I , J )  = PU + .~‘Z ( I ,J )  + B’Z(I,J)’Z(I, J) + C’Z(I,J) ’Z(I,J)’Z(I,J)
I + D’COS(E’7(I,J) + F)

304 COOE ( I ,J) = I TOO TH
18 CONTINUE TOOT H
17 CONTINUE TOOTH

C” READ INTFRPIAL ROUN DARY NODAL POINT DATA TOOTH
IF(NHO.EO.0) CO TO 53 TOOTH
PFAO (5,’.9) ((‘PH (N),N=t,NHO ) TOOTH
00 52 N = l,NHO TOOTH
NCC = 0 TOOTH
NB = (NPH(N) 41) /2 TOOTH
NRC = 2’NR TOOTH
00 50 N9 = I, NB TOOT H
N61 0 TOOTH
RFAD (5,27) I l ,J 1,Z l , X t , NGI, IPO,12 ,J2 ,Z2, X 2  TOOT H
IF(NPH(N) .EQ.?) GO TO 2? TOOTH
IFPlGI.NF.0) GO TO 101 TOOTH
GO TO 88 TOOTH

101 NG(II,JI ) N61 TOOTH
NCF (It ,J1) N& 1 TOOTH
!F (IPO.EC.0) KSK I~~(I1,Jt) = —1
60 TO 86 TOOTH

22 1F (’IGI .LT.fll GO TO 102 TOOTH
IF (NGI .E Q.0) GO TO 88 - TOOTH
IF(12.EQ.II) GO TO 7’ TOOTH
00 71 M 11,12 - TOOTH
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NG (M ,J1) NGI TOOTH
NGF (M ,J1) =12 + NGI —Il TOOTH
KSKIP (M,J1) = 17—Il TOOTH
IF (TP Q .EQ .0) X~ KIP (M,J1) —1’KSKIP(H ,JI) TOOTH
IF(IDELT.EO.1 ) PIGI = NGI 4 MAO

71 NCI=NGt. I TOOTH
GO TO 88 TOOTH

72 00 73 M JI,J2 TOOTH
NG( II ,M) NG1 TOOTH
(4GF(II,M)=J2 + ~Ic1 — it TOOTH
KSKTP (I1 ,H) J2— J 1 TOOTH
IF (IPO .EQ .0) X~~~1P (II,M) —t KSKIP(It,H( TOOTH
IF (TOELT.EO.1) NGI = NOt + MAD

71 NGI=NG1+l TOOTH
GO TO 88 TOOTH

102 IF(12.EO.I I)  GO TO 10’. TOOTH
DO 105 M=I1,I? TOOTH
NG(M ,Jl) = (—I)” IG I TOOTH
NG F(M,J 1)=12—11+ NGI TOOTH
XSXI P( M ,J I) = 17—Il TOOTH
IF( IPO.EQ.0)  KSX! P( M ,J1) —l ’ K SK IP( M ,Jl) TOOTH
IF(IDFLT.Efl.1) NGI = NOt + MAO

105 NG1=NO1+t TOOTH
GO TO 86 TOOTH

104 00 106 M J1,J2 TOOTH
NG(T1 , M) = (—l ) ’ NGl  TOOTH
NG~~~I1,H) J2—J l+NG1 TOOTH
XSKIP( I1, P4) J 2—Jt  TOOTH
IF(TPO.EO.0) XSXIP (I1 ,M)=—1’J(S((IP (II ,N) TOOTH
IF(IDELT.Efl.1) NOt = NOt + MAD

106 NG1=NGI+1 TOOTH
88 IF(X l .LT.0.O) GD TO 50

IF(NB.EQ.1) GO TO 30 TOOTH
GO TO 35 TOOTH

30 IF(NR~’.EO .NPH( N))  GO TO 32 TOOTH
COD~~(I1,Jt) = 2 TOOTH
7(I1,J I) Z 1 TOOT H
X(Ii,Ji) = Xl TOOTH
GO TO 50 TOOTH

32 IF (CODF (Il,J1).EO.t) GO TO 80 TOOTH
CODF ( I1 ,JI) = 2 TOOTH

80 IF( C O D F ( 12 , J 2 ) . rC.i) GO TO 81 TOOTH
CODr(12 , J2 )  = 2 TOOTH

81 CONTINUE TOOTH
7(I1 ,J l )  = 71 TOOTH
X ( I 1 ,J l )  = Xl TOOTH
7(12 ,J2 ) = 7? TOOTH
X(12,J2) = XC TOOT H
NSTFPS = MA X 0 ( I~MS(I2—I1 ) , IARS(J2—J 1)  ) TOOTH
ISTFP = ( 12—I l )  /NSTF°S TOOTH
,JSTFP = (J2—J 1) /NSTFPS TOOTH
00 = PISTEPS TOOTH
OZ (Z 2 — Z I ) / O D  TOOTH
OX = ( X 2 — X t )  /00 TOOTH
DO ~3 NST = 1,NSTFPS TOOTH
I = It + ISTEP 4NST TOOTH
J J I  + JSTFP ‘NST TOOTH
Z(I,J) Z(I—ISTF’,J— JSIEP) + OZ TOOTH
X ( I , J )  = X (I—ISTEP,J—JSTEP) + DX TOOTH
IF (CO DE( I, J ) . F f l . t )  GO TO 33 TOOTH
CODE ( I ,J )  = 2 TOOT H

13 CONTI~(UE TOOTH
GO TO 50 TOOTH

35 TF(Nq.Ec) .i) GO ‘0 36 TOOTH
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IF(N9.EO. N~~ GO TO 37 TOOTH
38 NSTFPS = MAXO(I~~BS(II— IF),IABS (Jt—JF ) ) TOOTH

ISTEP = ( I t—IF )  /NSTF DS TOOT H
JSTFP = (J I—JF )  / NSTEPS TOOTH
OD = NSTFPS TOOTH
0 7 = (Z 1— Z F ) /DD TOOTH
DX = ( X j — X F )  /O~ TOOTH
00 39 P1ST = 1, N5 TEPS TOOTH
I = IF +IST FP ‘NST TOOTH
J = J~ • JSTFP ‘PIST TOOTH
Z ( I , J ) =Z ( ! — I S T E P ,J — JSTEP I  + DZ TOOTH
X ( I,J) = X ( I — I ST EP ,J —JSTEP ) +DX TOOTH
IF1CODF (I,J).EO.t) GO TO 39 TOOTH
COD F( I,J )  = 2 TOOTH

39 CONTINUE TOO TH
!F(NCC.EO.t) GO TO 50 TOOTH
ZF=72 TOOTH
XF = X2 TOOTH
IF = 12 TOOTH
iF = J2 TOOTH
GO TO 32 TOOTH

36 XL = Xl TOOTH
TOOTH

XE = X2 TOOTH
ZF=7? TOOTH
LI = Ii 

- TOOTH
ii = Ji TOOTH
IF = 12 TOOTH
J F = J 2  TOOTH
GO TO 3? TOOTH

37 IF( NBC .EQ.NP H( N) ) GO TO ‘.0 TOOTH
NST FPS = I - ’ AX0 ( IA3 ~~( L I—I l ) , IAB S (J L— J t ) ) TOOTH
ISTFP = ( L I — I t )  /tI STFPS TOOTH
JST~~P = ( J L— J 1)  /NSTEPS TOOTH
DO = PISTEPS TOOTH
D Z = (Z L — Z l )  ~OD TOOTH
OX = (X L — X t )  /O~ TOOTH
00 ‘.2 NST = I, NST ~ PS TOOTH
I = II + ISTE P ‘NST TOOTH
J = it + JST F~ ‘P1ST TOOTH
Z(I,J) 7(I—ISTFQ ,J—JSTEP) + 07 TOOTH
X ( I, J )  = X ( I— ISTFP ,J—JST FP) + DX TOOTH
IF(CO DE( I ,J ) .EO.1)  GO TO ‘.2 TOOTH
CODE( I,J )  = 7 TOOTH

42 CONTINUE TOOTH
NCC = 1 TOOTH
GO TO 38 TOOTH

40 P4STFPS = M A X D ( I A 9 ~~(LI—I2) ,IA8S (JL—J2 ) ) TOOTH
ISTEP = (LI—I? ) /NSTEPS TOOTH
JSTE P = (J L—J 2 )  /NSTFPS TOOTH
DO = NSTEPS TOOTH
0Z (ZL—72)/DD TOOTH
DX = (XL—X2) /00 TOOTH
DO ‘.4 NST 1,NSTFP~ TOOTH
I = 12 + ISTF~ ‘N!T TOOTH
J = J2 + JSTFP •N~ T TOOTH
Z(I,J) Z(I—ISTFP ,J—JSTEP) + 07 TOOTH
X(I,J) : X (I—ISTFP,J—JSTFP ) + DX TOOTH
IF (CODE(I,J).FO.1) GO TO 4’. TOOTH
CODFU,J) = 2 TOOTH

44 CONTINUE TOOTH
GO TO 38 TOOTH

50 CONT INUE TOOTH
5? CONTINUE TOOTH
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C” CALCULAT F COORD INATES O~ INTERICR POINTS TOOTH
53 IF (J RA N .L F .2)  GO TO 800 TOOTH

N9 =0 TOOTH
00 69 J l ,JQAN TOOTH

= 0 TOOTH
NMAC = 0 TOOTH
N9 = P1941 TOOTH
DO 5’. I = t , IPAN TOOT H
IF(CODE( I ,J ) . FO.1) GO TO 57 TOOTH
GO TO 55 TOOTH

57 IF(NMIC. EQ.t )  GO TO 58 TOOTH
I M I N ( J )  = I TOOTH
NMIC = I TOOTH
IF(CODF(I,J+l) .FQ.i)  GO TO 55 TOOTH
IF(COOF1I+I,J+I).FQ.1) GO TO 59 TOOTH
IF( COO E( I—I , J .I) .FO.I) GO TO 60 TOOTH
GO T O 55 TOOTH

59 !F(COOF( I— l,J i- l) .EO.l)  GO ~O 65 TOOTH
NJT ( N9)  = J TOOTH
N7(N9) = 7 TOOTH
GO TO 55 TOOTH

60 NJfl N9) = TOOTH
N7( N9)  = 5 TOOTH
GO TO 55 TOOTH

58 IF (C O D F( IG 1 ,J ) . EO .0 )  GO TO 61 TOOTH
GO TO 55 TOOTH

61 IMAX (J )  = I TOOTH
(- (MAC = I TOOTH
IF(000E(I,J+l) .EQ.I) GO TO 55 TOOTH
IF(COOE( I—l,J+l) .EO.l)  GO TO 62 TOOTH
IF(CODE(I+l,J+l) .EQ.t) GO TO 63 TOOTH
GO TO 55 TOOTH

62 N7(N9 )  N7 (N9) ’ I 0+8  TOOTH
NJ T ( NQ )  = J TOOTH
GO TO 55 TOO TH

63 N7(N9) N7(N9) ‘10 • 6 TOOTH
NJT (N9) = J TOOTH

55 IF(I.Fi) .IPA N) GO TO 64 TOOTH
GO TO 54 TOOTH

64 IF(N I4AC. FO.0) GO TO 65 TOOTH
GO 10 5’. TOOTH

65 IF(COOE (I,J).FO.2) GO TO 57
I M A X ( J )  = IMIN (J)
N~ AC = I TOOTH
IF(J .Efl.JRA N ) GO TO 5’. TOOTH
WJ7 (N9) = J TOOTH
N7(N 9) = 5566 TOOTH

54 CON1INUF TOOTH
69 CONT INUE TOOTH

J2 = JRAN — 1 T O O T H

J77 = JMIPI + I TOOTH
DO 75 N = i,5~~0 TOO TH
PE SID = 0. TOOTH
DO 70 J = J77 ,J? TOOTH
IRAN = IM~ X (J) —1 TOOTH
IN = IMIN(J) TOOTH
IM = TMI N(J ) TOOTH
IN7 = IMIN(J) +1 TOOTH
DO 70 I = 1 N7 , I R A N  TOOTH
1N I N +  ~ TOOT H
IN IM +  I TOOTH
IF(COC E( t ,J) .FO.l) GO TO 70 TOOTH
IF(COOF(I,J) .EO.2 ) GO TO 70 TOOTH
07 (Z ( IN,J+ t ) +Z ( I$ , J — l ) + Z ( Z + 1 , J ) + Z ( I— 1 ,J ) ) / 4 .  — Z ( I , J )  TOOTH
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• OX = (X ( IN,J +t)+X ( IM,J—t)+X ( I+ I,J)4X ( I—i ,Jg)/ ’ . .— X ( I,J) TOOTH
Z( I, J)  = Z ( I , J )  + I.8’OZ TOOTH
X (I,J) = X(I,J) 4 1.8’DX TOOTH
RF SID = RFSID + ARS ( DX ) + ABS ( DZ )  TOOTH

70 CONTINUE TOOTH
IF(P4.EQ.I) RESt RESIO TOOTH
IF (RESI.EO.0.0) GO TO 800
IF(RESID/ RFSI.LT .l.E—5) GO TO 800 TOOTH

75 CONTINUE TOOTH
800 CONTINUE TOOTH

IF (JR AN .LF.?) GO TO 110
GO T O 115

110 IM IN (t) IHIN (2) I MINI
IMAW( t) = IMAY( ?) = M A X I

115 IF(LL.EQ .1) G O  TO 92 TOOTH
IPIINI TOOT H

90 CON TI NU E TOOTH
J J MIN TOOTH

91 CONTINUE TOOTH
!(I,J) 7( I ,J )+OE LT Z ( L)  TOOTH
J2J+t TOOT H
IF(J.LE .JMAX) GOTO 91 TOOTH
1=1+1 TOOTH
IF (I.LE.MAXI) GOTO 90 TOOTH
IF(NPO.EO.O) GO TO 8? TOOTH
Z ( 1, J P )= Z( I ,J P )  + OF LTZ ( L)  TOOTH

92 CONTINUE TOOTH
82 WQITE(6 ,99) TOOTH
99 FORMAT( ///,9X ,IHI,’.X,IHJ,5X ,6HZ (I,J) ,6X ,6HX(I,J),2X ,9HCODF(I ,J),/ )

DO 65 J JHIN,JMAX
IS = IHIN (J)
IF = IMAX (J )
00 86 I=IR ,IF
W PITE (6 ,jOO ) I,J,Z(I ,J),X(I ,J),COOE (I,J) TOOTH

100 FORMAT (5X ,2t5,2F12.5, 15)
86 CONTINUE TOOTH
85 CONTINUE TOOTH

IF(NPO.EO .0) GO TO 45 TOOTH
1=1 TOOTH
W RIT F (6 ,100)  I,JP ,Z ( I ,J P ) , X ( I ,J P ) , C O O E( I , J P )  TOOTH

‘.5 CONT INUE TOOTH
10 FORM A T (1215 )
25 FORMAT (2 I5,2F10.5 ,3I5,2C10.5 ,15)
26 FORMA T (I5 ,2F1Z.5) TOOTH
27 FOR MAT (2 I5,2F10.5,415, 2F10.5) TOO TH
49 FORMAT (10I5) TOOTH

302 FO RMAT (7F10.’ .)
RETURN TOOTH
END TOOTH
SUBROUTINE PUPCHR(JMIN,JP4AX ,MINI, t1AXI,NPO ,NT ,NTR ,L,JMINJ,JMAX

IJ,NGS,LL,NFS, NPOP ,MID,NGP ,ID€LT,NOT ,ICLOSE ,DELG P,KK, NPS)
O X MFNSION X (3& ,30 ) ,Z ( 10 ,3 0) ,JT ( 10) ,NTNT( I0) ,NT ( t0 ) ,NG(30 ,30 )  PUNCHR
DIMENSION NCG(t, 30) ,CODE (30 ,30 ) ,NGF (30 ,3 0 ) ,KSK I~~(30 ,30) PUNCHR
DIMENSION KK (l0) ,THFTA(t0) ,JB (10) ,JF(10) ,BETA (10),IPIIN(3 0) ,IP’AX(30

I)
COMMON X ,7,NG,CODF , NGF ,KSKIP ,NSECT ,JB,J E ,B ETA ,T H F T A , I M I N , I M A X , J MA X

1l ,JMIN1
COMMON MPC,IU (’),JU (2),IM(?) ,JM(2) ,IL (2) ,JL(?) ,ICON ,LS(2)
COMMON ICONST ( 2 ) ,JC OPIS T ( 2 )
INTFGFR DFLGP ,G1,G2, G3

“ THIS SUBROUTINE PUNCHES GR ID CARDS AND ELEMENT CONNECTION CARDS PUNCHR
(CTP IA2 AND CTR IA RG ) .  PUP~CHP
N C A L L Z O
NCP O PUNCHR
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NCPI:t
IFIX1 = 0r IFIX? 0
LSTE P O PUNCHR
Yx0.fl PUNCHR
NCD= 0 PUNCHR
THIO.U PUPICI4R
IPIO 1 PUNCHR
IF (IOFLT.FO .1) MAO = KK( NOT+t )  — 1

3 IF(L.GT.1.OR.LL.GT.t) GO TO 40 PUNCHR
INTN’O PUNCHR
IE IO NES PUNC HR
GO T O 46 PUNCHR

‘.0 L~ Tc P=t PUNCHR
IEIO=IFLA ST PUNCHR
NGS= NGLAST PUNCHR
IF(LL.EO.1) GO TO 46 PUPICHR
GO ‘0 ‘.4 PUNCHR

46 IF(NTP.EO.0) GO TO 10 PUNCHR
R FA O ( 5 , l.00) INTN PUNCHR
DO 5 Izl ,NTR PUNCHR
RFAO (5 ,402) JT (I),NTN T (I) PUN CHR

5 CONTINUE PUNCHR
10 CONTINUE PUNCHR

IF(NTR.EO.0) !NTN O PUNCHR
‘.4 PUNCHR

DO 170 JIJMIN ,JMAX PUNCHR
IF(J .EQ.J P4IN) ISKIP 2” INT N PUNCHR
IF(NTP .EQ.0) GO TO 1? PUNCHR

L IF(~~.GT.NTR) GO TO 1? PUNCHR
IF(J .FO.JT(K) ) GO TO 11 PUNCHR
GO TO 12 PUNCHR

It ISKIP z2 ” NT NT ( K )  PUNCHR
K X  • I PUNCHR

12 DO I S O  I:MINI ,M A X I ,ISI(IP PUNCHR
ICALL = 0
IF(IMIN (J).GT .fl GO 10 150
tF (IM A ’ J).LT .I) GO TO 150
IF (I.FO.MINI.AP~0.LSTEP.FO.I) GO TO 62 PUNCP4R
GO TO 63 PUNCHR

62 IE (JMINJ.NE .JMINJI) GO TO 4 PUNCHP
IF (J.GE.JMINJ.AND.J.LE.JMAXJI ) NG(I,J) = NCG (1,J)
GO TO 63 PUNCHR

4 IF (J.CF.JMINJ .IND.J.LE.JMAXJ ) NG(I,J) NCG(l,JMINJI) PUNCHR
JMINJ1 JMINJI + 1

63 IF(I.EO.MAXI) GO TO 35 PUNCHR
GO TO 36 PUNCHR

15 IE(J.LE .JMAXJ.A ’-lD.J.GE.JMINJ) GO TO 37 PUNCHR
GO TO 36 PUNCHR

37 IFINCF(I,J).NF.0) GO TO 55
NG (I,J) I NGS
NCG (1,J) NG (I,J) PUNCHR

L 

NGS NGS + 1
IEUOFLT.FQ.1 NGS = (lOS + MAD
IF(ICLOSE.FO.0.AND.IOELT.EO.1) NGS = NCS — 1
N GLAS T = NGS
GO TO 20 PUNCHR

36 IF(LSTEP.EQ.1.AND.I.GT.MINI) GO TO 15 PUNCHR
IFPIG(I,J).EO.0) GO TO 15 PUNCHR
IE (NGF (I,J).NE.U) GO TO 55 PUNCHR
IF(I.GT.MINI) GO TO 20 PUNCHR
IF(J.GT.JMAXJ 1.OR.J.LT.JMINJ) GO TO 15

- GO TO 20 PUNCHR
15 CONTINUE PUNCHR
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IF (NGF(I,J).NF.0) GO TO 55 PUNCHR
NC(t ,J ) NGS PUNCHR
PIGS=NGS+t PUNCHR
IF (T O FLTe EQ. 1)  MGS = NGS+ M AO
IF(TC LOS E.EO.0.AND. I DELT. FO. I i  NGS = NGS — 1

• NGLAST NGS PUNCHR
GO TO 20 PUNC HR

55 Ir(KSKIP(I,J) .Lt .0.AND.LL.EQ.1) GO TO 42 PUNCHR
IF(LL.EO.11 GO ‘0 20 PUNCHR
NG (t , J )  = IA BS(NGE(I,J) +t ) PUNCHR
IE( I DF LT .FD .1 .ANO.NGF( I ,J ) . LT .0)  NG( I , J )  = NG(I,J) — I — MAO
EF(T O FLT.F Q. 1 .A NO . P GF(1, J ) . G T .0 )  NG ( 1 ,J P = NG(1,JJ + 1 + MAO
NGF(I ,J)= IARS(KSK IP (I ,J)) + N G F ( I , J )  + 1 PUNCHR
IF(IOFLT .Ffl .t) P4G~ (I,J) = NGF( I ,J )  • ((AD + 1
IF( K S K IP( I ,J ) . LT .0)  GO TO 43

20 IF( I .EO.MIP1t. AP1 D.LST FP.EO.l )  GO TO SO PUNCHR
GO TO SI PUNCHR

50 IF (J .LF.JP A XJI. .A ’4D.J.GE .JM INJ) GC TO 43
51 IF(J . EQ.1)  GO TO ‘11

IF(I.LT.IMIN(J—l (.OR.I.GT.IMAX (J—1) ) GO TO 411
tF (ARS (X(I,J—l )) .FO.0.0.AND.A ~~S (x (I,J )) .P~E.0.0) Z(I,J) = Z(I,J—1)

411 !F(I.EO.1) GO TO 410
IF(I ISK IP . LT .T MTN (J ) ) GO TO ~ t 0
I F ( A PS ( X ( I — IS K I P , J) ). E Q . U . D .A N D . . A P S ( X ( I , J )  ) .NE.0.0) Z ( I , J )  = Z ( I — 1

ISKID ,J)
410 IF (NGP.EO .l) GO TO ‘.3

IF(TOFLT .EQ,1) GO TO 101
IF(NPS.GT.O) CO TO 70
PUNCH 910 ,PG ( I ,J I , N C D , X ( I,J)  , Y , Z( I , J ) ,NCO
W Q IT E( 6 , 9 1 1 1  NG( I , J ) ,NCP ,X ( I , J ) , Y , Z ( I , J) ,NCD
GO TO 41

70 PUNCH 900, NG( I,J ) ,NCP ,X (I,J) ,Y ,Z(I,J), NCD,NPS
WQITF(6,901) NG ( I,J) ,NCP,X (I,J) ,Y , Z (T ,J )  ,NCD ,NPS
GO 10 43

101 tIll
ii = I

= TH FTA( I I)
182 IF (TI1l.GE.BET .3(JJ).ANO.THI.LF.BETA(JJ+1)) GO TO 600

JJ = JJ +1
600 I F(T H I . F Q.9 (T A ( NS FC T . I) )  GO TO 605

IF (T HI .FO .B FTA (J J+1 ) )  GO TO 602
IF (THI.EQ.BFTA (JJ)) GO TO 602

605 IF(J .LT.J B(JJ ) .OR.J.GT.J E(JJ ) ) GO TO 601
IF(J.FQ.JP (JJ).ANO.J.EQ.JMAX) GO TO 601

602 IE(MPC.EQ.1) GO TO 608
IF (NPS .GT.0) GO T~ 73
GO ‘0 609

608 IF (LS (l).FQ .LS (’)) GO TO 700
I F( L S (t ) . EU.L L )  GO TO 610
IF (LS (2).FO .LL) GO TO 611
GO TO 609

700 IF (I.EO .ICONST (~~).OR.J .EQ.JCONST (1)) ML = I
IE(t .EQ .ICOP4ST (?) .OR .J.FQ.JCONST (2)) ML = 2
GO ‘0 612

610 MLII
GO TO 612

611 ML= ’
612 IF(I .FO .IU (M1 ).ANO.J .EQ.JU (ML )) GO TO 650

IF(I. Ff l . IM( ML ) . (
~NO.J. EO.J PUML ))  GO 10 650

IF( I .EO. IL (M L ) . AN O .J. r O . J L ( M L ) )  GO TO 650
IF (ML.EQ.2) GO ‘0 701
TF (TFIXI .FO .3) GO TO 350
GO TO 351

701 IE(IFIX2 .EO .3) GO TO 704
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GO TO 351
350 IFIXI =

CALL MPC P ( ML ,N C~~1L,I .J.NCT ,I( K , T FI X t  ,MLX I,JMAX )
CO TO 6~

70’. IFIX2 =
CALL ~ 0C~~u-iL,r~CALL,I,J ,  ~~~~~KK , IF I X2 , t ~A X I , J M A X )
GO ~C 56 0

351 IF ((~PS . G T . C )  GO TO 73
f~~~~ TO o C g

€50 IF(ML.E~~.?l GO TO 7 C 2
IFIX1 = I~~IX1 + 1
CA LL ~~~C0 (  ML, NCA LL,I  ,J, N C T ,i(K, IFIXI , M~ X I ,JHAX )

• GO T O 66~702 IFIY2 = IF IX? + 1
CALL MPC~~fl~L ,NCA LL,I,J, NrT ,Ki<, 1F1X2 , t I AX I , J PA X )

€ 6 0 ICAL L 1
IF( ML .E O.?)  GO T O 7~~~
IF(IFIX 1 .FO.~~) GO TO 351
GO TO ~~ 1

708 TF (IFI~~2.~~O.~+) GO T3 951
GO TO ~~ 1

609 P’JN~~H 3tU,NG(I,J1 ,N~ Pl, *(I,J),THI,7(I,J) ,NCPI
W I’E(6 ,911)  P-~G( I ,J ) , NC P 1 , X ( I ,J ) ,T H t ,7(I ,J) ,NCP1
GO ~U ó-)t

73 PtJN( —i ~0 O , N G ( I ,J ) , N~~P1,X( I, J) ,T H1, 7( I,J),NCP1, F9PS
WCITE (6, ~1 t) NG (T,J) ,NCP1,)~(I,J) ,T (-1 t ,Z (  I,J) ,NCPI,NPS

601 !F( 111.EO.T l- IFTA(I I+1 I) 11=11+1
IF (ARS (TI-11—~~-iCTA (~4~JT +1) ) .LT. 0. 0~~i) GO TO ‘.2

= (T ~-1 ET A ( ! I + 1) — T 4 F T A ( I I ) ) / ( I ( ’( ( I If i l—KK( I I)  )
!F ML.Er).? GO TO 736
IF (tCAL L.~~O .t.ANO.IFIXt.NE.’.) GO TO 43
CO TO ‘07

706 IF(T CA L L .EO . 1 .A NC . I F t X 2 . Nr .~.) GO TO ~41
707 ‘IG(I ,H=Nc( I ,J) + 1

= P11 4 OT I-4 ETA
IF(T ~~1.FQ.3 .9)  GO TO -~2
GO TO 1~~2

42 IF(KS((IP(I,J).LT .) GO TO 4~
IF(IOFL .’Q.1) NG(I,J) = NG( I, J)  — ( KK( NO’+ l ) — ii

43 IF(J .EO. (MINI GO TO 153
IF(I.LE.I’1I~~(J ) )  GJ TO tSC~
IF(I.r,T.I-IAX (J)) GO TO i~~0
IF(I.~~3. M TNI)  GO TO j~~~ PUNCHR
~F ( K. c~~•j ~ GO TO 6 PUNCH~IF(NT~~.E 0 . 3)  GO TO 6 • 

PUNCUR

~F ( v — 1 .G T . N Tc )  G O T3 (- PUPICHR
IF (J.FO.JT (K~~1)) GO TO 3C PUNCHR

6 CONT IWJF PUNCHP
IF( ICFLT.EO.1I  GO TO 5 ) C
IF~~~~s ( x c I— IsKIP ,J— 1~~~.~~O. 0 . C )  GO TO 3 0 )
IF (N~’OP.FO.1) GO TO ~0 PUNCHR
PUPIG’l ~C ? , IE IO ,IPID,NG( I .J) ,NG( I_ IS(<Ic , J) ,NG( I—ISKIP ,J— 1) ,TH PUNCIIR
W c’1Tr à,~~~~3I IF1”,I~~Ii),PIC- ( I.J) , N G( I — IS K t P,J ) ,NG ( I— ISX I P , J— t )  .11-4 PUNCHR
I~~t NPO~~.El .0 )  GO TO ~C PUNCHP

80 PUMC1-4 ~i’.,IEtO ,N G(I,J),rlr.(I—T SKIQ,J) ,NG(t—ISKIP ,J—1) ,TH,PID PUNCHR
WDIT~~~~,~~~5 IEIr, ,~G(I,J l ,Nc(I—IS KI~’,Jl ,NG (I—ISVI P,J—1),TH, 4I0 PUNCUR
C’) TO 9&

500 (~~ = ~V ( I — Is K I P , J — 1)
NG( I—ISKID ,Jl

Cl ‘G( I , J)
Ir (G 3 .EO . ) )  GO TO 150

F(~iN I ,J— 1) .EQ.~~) G O TO 1~~3
CA L L WE~~G’ (Gj,G?,G3,1 FLGP ,KK ,MtO,IEIO,ICLOSE,I~OT ,NPOP,J)

90 !F t f l  = i~~r n  + j PUNCIIR
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•tF(IDELT.Fr~.i GO TO 501
IF(NPOP.Efl.I) GO TO 81 PUNCHR
PUNCH 902, IFTO,I0ID, NG(I_ ISK IP , J_ i ) , NG( I ,J _ 1) ,NG( I,J ) ,TH PUNCHR
W R IT E ( 6 , 9 0 3 )  IF!C,IPID, NG( I—IS KI P , J—1 ) , N G( I , J — t ) ,NG( I , J ) , TH PUNCHR
IF( NPO P.EO.0)  GO TO 91 PUNCHR

81 PUNCH 904 , IETD, N G ( I— IS K I P , J — t ) , NC ( I , J — l ) , N G ( t ,J ) , T H , MID PUNCHR
W Q IT F( 6 ,9 0 5 )  IEIO, NG ( I—ISK IP ,J — t ) , N G( I ,J — 1 ) , N G( I , J )  ,TH ,NID PUNCHR
GO TO 91

501 G3 = NG(I ,J)
G2 = NG(I,J—l ) - -

GI = NG(I—IS’~ IP,J—1)
CALL W ED G F(Gt ,G ? ,G 3 ,D EL GP , KK ,MIO, IFID ,ICLOSE ,NDT ,NPOP ,J )

91 IFID = IFID + I PUNCHR
GO TO 150

300 t F ( A B S ( X t I , J — i ) ) . F Q . 0 . 0 )  GO TO 310
IF (NPOP.EQ.t) GO TO 301
PUNCH 90€,IEID,IPIO,NC (I—ISKIP,J—1),NG (I,J—1),NG(I,J),NG(1—ISKIP ,J

1) , T ’-4
W R I T F ( 6 , 9 0 7 )  IFIC;IPIfl ,N G ( I — I S K I ~~, J — 1 ) , N G ( I , J — t ) , N G ( I , J ) ,N G ( I— ISX I

IP,J) ,TH
IF(NPOP.EO.0’ GO TO 302

• 301 PUNCH 908,IFID,NG (I—ISKIP ,J—t ),NC(I,J—t ),NG(I,J),NG(I—ISKIP,J),TH,
I M I D

WP IT F(6 , 909)  IE IO, NG( I— ISK IP , J — 1 ) , N G ( I , J — 1 ) , N G ( I , J ) ,NG( I—ISKI P ,J ) ,
1TH ,MIO)

10? IFID =IEID + 1
GO TO 150

310 IFCNPOP .FQ.1) GO TO 311
PUNCH 906,IFID,IPID,NG (I,J—t),NG(I,J),NG (I—ISKIP ,J),NG(I—ISKIP,J—1
I) , TH
WcITE(6,go7) IEIO,IPIO,NG (I,J—1 ),NG(I,J),NG (t—ISXIP ,J),NG (I—ISKIP ,

IJ—I ) ,TM
IF(NPOP.EO.0) GO TO 312

311 PUNCH 9 0 6 , I F I D , N G( I , J— 1 ) , NG( I , J ) , k G( I — I SK I P , J ) , G( I—ISK I P ,J— 1) ,TH ,
I MID
WPITF(6,909) IEID,NG(I,J—1),NG(I,J) ,NG(I— ISKIP,J) ,NG( I— IS KIP ,J— 1) ,
ITH,MIQ

310 TEID IFID + I
120 CONTINUE
330 CONTINUE

GO TO 150 PUNCHR
30 IF (K —t . E Q. t)  GO TO 21 PUNCHR

IF(PITNT (K—t).r,T.NTNT (X—’)) GO TO 22 PUNCHP
I F ( NT N T ( K— 1) . L T . NT N T ( K-~? ) )  ISKIPI I$KIP’2 PUNCHR
IF ( PIG ( I , J — 1 ) . EO . 0 )  GO TO ISO PUNCHR

26 IF( IOFLT.EQ.t )  GO TO 5 0 ?
IF(NPOP.EO.t )  GO TO 82
PUNCH 902, t FID , IP IO , NG(T—I S K I P ,J ) , NG ( I—2~~ISK I P,J ) ,NG( I—IS K IP I ,J —I )  PUNCHR

j , TH PUNCHR
WRITE (6,901) IEIO,IPID ,NG (I—ISKIP,J),NG (I—2’.~SKIP,J),NG (I—ISKIP1,J

1—1),TN
IF (NPOP.FO.0) GO TO 92 PUNCHR

8? PUNCH 904,IEIO,NG(I—ISI(IP,J),NG (I—2’ISKIP,.),NG (I—ISKIPI ,J— l),TH, PUNC H R
1M10 PUNCHR

WR IT F(6 ,905)  IF!O,NG( I—IS KIP ,J) ,NG(I--2’ISKIP ,J) ,NG(I— lSKIPI,J—l) , PUNCHR
1TM,~lI’D PUNCHR

GO TO 9?
502 G3 =

G2 = PIG(I—2’Isv:°,J)
01 = NG(I— ISK I~~,J)
IF(G3.EO.0) GO TO 150
IF(NG (I,J— 1).EO.O) GO TO 150
CALL WFDC,F (G1,G?,G3,DEL3? ,KK ,MID ,IEID,ICLOSE ,NOT ,NPOP ,J)

92 IFIO = IFIO 4 1 PUNCHR
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IF(IDFLT.FQ.i) GO TO 503
IF(NPOP.EO.t) GO TO 83 PUNCHR
PUNCH 902,IFIO,TPID,NG( !—ISKIPI,J—1) ,NG(I,J—1), NG(I—ISXIP,J) , TH PUNCHR
WPITF (6,903) IEIO ,IPID,NG (I—ISKIPI,J—1 ),NG (X,J—t),NG (I—I SKIP ,J),TH PUNCHR
!F(NPOP.EQ.0) GO TO 93 PUNCHR

63 PUNCH 904,IEIO, NG( I— ISKIPI ,J—1) ,NG ( I , J— 1 ) , NG ( I—ISkIP ,J) ,TH,MID PUNCHR
WRITF (6,9O5) IFTO ,NG (I—ISKIP1,J—1),NG (I,J—1 ),NG (I—ISKIP,J),TH,MIO PUNC HR
GO TO 93

c03 03 = NG ( I—IS KIP ,J)
=

01 = NG (I—!SK!~~1,J—1 )
CALL WE DGF (GI ,G? ,03, OFL GP, ,(K ,MID,IEID ,ICL OSE ,NOT ,NPOP ,J)

93 IF!’) = IF!~~+1 PUNCHR
IF( IOELT. E’ ) . l )  GO TO 504
IF(NPOP.EQ.t) GO TO 6 .  PUNCHR
PUNCH 902,IEIO,!°ID, NG( I , J — t ) , NG ( I , J ) , N G ( I — IS K I P ,J ) , T H PUNCH~W RIT F(6 ,901) IFIO,IPIO,NG(I,J—1 ) ,NG(I,J) ,NG(I—ISKEP,JI ,TH PUNCHR
IF(NPOP.EO.O) GO TO 9’. PUNCHR

84 PUNCH 9O’~, IE ID,NG( I ,J—t ) , NG(!, J) ,NG( I—ISKIP,J ) ,TH ,HID PUNCHR
WPITF (6,905) IF!O,NGEI,J—t),NG(I,J),NG (I—ISICIP,J),TH,MIO PUNCHR
GO TO 9’.

50*. 03 = NG( I—IS(~ !P ,J)
G2 = NG(I,J)
GI = NG (I,J—1 )
CALL WE DGF ( G 1 , 1 , ? , C3 ,DFLGP ,KI( ,MID ,IEIO,ICLOS E ,NDT ,NPOP ,J)

9* IF!’) = IF!’) + 1 PUNCHR
GO ‘0 150 PUNCHR

2? I~ KIP1 ISKIP/ 2 PUNCHR
28 IF(IOFLT.FQ.l) GO TO 505

IF(NPOP.EO.1) GO TO 85
PUNCH 902,IFIO,I PIO,P4G (I—2’ISKIPj,J—t ),NG (I—ISKIPi,J—I ) ,NG (I—ISKIP

t , J) , TH
WRITF(6,903) I~~ID,IPI0,NG(I—2’ISXIPi,J—1),NG (I—ISKIP1,J—I),NG (I—IS

tIC!P,J),TH
IF(NPOP.EO.O) GO TO 95 PUNCH~

85 PUNCH 9O4,IEI fl ,NG (I—?’ISKIPI,J—1),NG (I—I~~KIP1,J—1),NG (I—ISKIP ,J), PUNC H~
IT(4,4IO PUNCHc

W R IT E(6 ,905)  IFID, NG ( I—” ISKIPI ,J—l) ,NG( I—ISKIPI,J—t ) ,NG ( I—ISKIP,J
I),T’-I ,MID

60 10 95
505 G3 = NG(I—ISKIP ,J)

0? = NG( I—ISKIPt , J—1 )
CI = NG (I—2’ISK!PI,S— l)
t F(G 1.EO .O) GO T O 150
I F( G ? . E O .O )  GO ‘0 150
CALL WEDG E( Gt ,G2 ,G 3 ,D ELG P ,K K, MIO ,IEID,ICLOSE ,PIOT,NPOP ,J)

95 IEIO = IETO + 1 PUNCH~
IF(IDFLT.EO.l) GO TO 506
IF(NPOP.EQ.t) GO TO 86 PUNC H~
PUNCH 902,IFID,IPIO,NG (I—ISKIPI,J—I),NG(I,J),NG(I—ISKIP,J),TH PUNC HF
W R IT E ( 6 , 9 0 3 )  IFIO ,IPIO ,N G ( I — I S K I P I , J — t ) , NG( I,J ) ,NG( I— IS KI P ,J) ,TH PUNCH~IF( NPO P.EQ.0)  GO TO 96 PUNC H~86 PUNCH 904 ,IFIO ,W t - ( I — ISX I PI , J — I ) , N G( I , J ) , N G( I — IS K I P,J ) ,TH ,MIO PUNCH~I4PIT E(6 ,905)  IFIO,NG ( !_ ISKT O I ,J — 1 ) ,NG( I, J ) , NG ( 1 — IS K I P ,J ) .T H ,NW PUNCH~
GO TO 96

506 G3 = NG(I—ISKIP ,J)
02 = NG(I,J)
GI = NG(I—ISKIPI ,J—1 )
CALL wEDGF(r,1,C2,r,3,r~ELGP,KK,MIO ,IEID,ICLOSE ,NOT,NPOP,J)

96 tFI O = T E T O  4 1 PUPICHF
IF(IDFLT.EQ.1) GO TO 507
IF UIPOP.EO.1) GO TO 8?
PUNCH 902,!EID,IPID,NG (I—ISI(!P1,J—1),NG (I,J—1 ),NG (I,J),TH PUNC(*
WPITF(6,90~) IE! O,IP!O ,NG (I—ISKIPI,J—1),NG (I,J—1) , NG( I,J), TH PUNCH~
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IF(NPOP.EQ.0) GO TO 97 PUNCH~
87 PUNCH 904,IFIO ,NG( I—ISKIPI,J—I) , NG ( I ,J — t ) , NG(I,J) ,TH, MID PUNC H~WRITE (6,905) IFI’),NG(I—ISKIPI,J— l),NG (I,J—l ),NG (I,J),TH,HIO PUNCHF

GO TO 97
587 03 = MG(I,J)

62 = NG (I,J—I)
CI = PIG( I—ISKIP1,J—t )
CALL WEDGF (G1 ,G2,G3,DFLGP ,KX ,MID,IEIO ,!CLOSE ,NDT ,NPOP ,J)

97 I~~I’) = lET’) + I PUNCHF
GO ‘0 150 PUNCH~

21 IF (NTNT (X—l).GT.!NTN) GO TO 24 PUNCH~
IF (NT’JT (K—I) .LT .INTN) ISKIP1 ISKIP’? PUPJCHF
IF (NG(I,J—I).EQ.0) GO TO 150 PUNCH~
GO ‘0 26 PUNCMF

24 I~~KIPI = IS(CIP/? PUNCH~Of) TO 28 PUNCH~
150 IFLA ST IFID PUNCHP
170 CONTINUE PUNCH~

IF( NPO.FQ.0) GO TQ 200 PUNCHF
JP=JMA X+1 PUNCH~
NG (I,JPF NGS PUNCH~

• IF(NGP .EO.I) GO TO 105
IF(IDFLT.FO.1) GO TO 510
IF(NPS.GT.O ) GO TO 71
PUNCH 91O,NG (1,JD),NCP,X(l,JP),Y,Z(1,JP) ,NCO
WRITF (6,911) NG (t,JP),NCP ,X(1 ,JP),V ,Z(I,JP),NCD
GO TO 105

71 PUNCH 900,NG (1,JP),NCD ,X(l,JP),Y,Z(1,J0),NCD ,NPS
WPITE (6,901) NG (1,JP) ,NCP ,X (1,JP),Y,Z(t,JP) ,NCD ,NPS
GO ‘0 105

510 Il = 1
P11 = THETACI !)

511 IF DIPS.GT.0) GO TO “.
PUNCH 910,MG(1,JP) ,NC~~I ,X ( 1 ,JP) ,T ~~1,Z(t ,J P) , NCP 1
W RITE (6,911) NG(l ,JP) ,NCPI ,X ( 1,JP) ,THI,Z(1,JP) ,9CP1
GO TO 72

7’. PUNCH 900,NG( 1,J0) , NC P1,X (1,JP), THI, Z (t , JP) ,MCPI,NPS
W PITE(6,901)  ‘4G(1,JP) ,NCPI, X ( I,JP) ,T HI,Z(1,JP), NCPI,NPS

72 IF (THI.FO.THETA (II+I)) 11=11+1
IF(THl.Fr .TW F T~~~ NOT+1) )  GO TO 100
DT H F T A  = ( THE A (  11+1) —T H E’A ( I I)  ) / ( K K  (11+ 1)— K K ( I I ) )
NG(1,JP) = NG(I,JP) + I
THI = THI + DTH FTA
Ir(T ,41.EQ. 16O.O) GO TO 100
GO TO 511

100 tF( IDFLT.EO.1) NGII,JP) = NG(1,JP) — KK (NOT+1) + 1
105 NGLAST NG (1,JD) I

MAX=MAXI—1 PUNCHR
00 60 I MINI,MA X ,ISI(IP PUNCHR
IF(IOFLT.E’).I ) GO TO 508
IF (NPOP.FO.1) GO TO 88 PUNCHR
PUM” H 9O2 , IE!O,I0TO, NG(t+ IS KIP ,JI~A X ) ,NG(i,JP ) ,NG(I, J MAX ) ,TH PUNCHR
WRI’F (6,9C1) TEIO,IPIO,NG (I4LSKIP ,JHAX),NG(I,JP),NG (I,JMA X),TH PUNCHR
IF(NPOP.EO.O) CC ‘0 60 PUNCHR

88 PUNCH 90’.,IFID ,(.G(t+ISKIP,JMAX) ,NG (1,J~),NG(I,J’lAX ),TH,MIO PUNCHR
WPITF(6,905) TEIO,NG (I,ISKIP ,JMA X ),NG (t,JP),NG(I,JMAX ) ,T H,MID PUNCHR
GO TO 60

508 63 = NG ( I , JMA X )
MG (I,JP)

01 = NG( I+ISKIP,JMAX)
J = Jp
CALL W EDG E (61 ,G, ,G3, OFLGD ,K!C ,MID,IFIO,ICLOSE, NDT, NPOP ,J(

60 IEIO=IFIO +1 PUNCHR
IELAST IFIO PUNCHR
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IF (TDELT.FO.I) ~I GLA ST NGL A ST + MAO
200 CONTINUE PUNCHR

JMAX JI = JMAXJ
JP*INJ I JHINJ PUNCIIR

400 FOR MAT ( 15 )  PUNC IIR
402 FO R MAT (2 I~~( PUNCHR
900 FORMAT (4HGRID,4V ,2I8,!c6.4,218)
901 FORMAT (5X ,4HGPIC ,’.X,?I8,3F6.’. .218)
902 FORMAT(6NCTPIA2 ,?X ,318,F6.4 PUNC H~
903 FORP4AT (5X ,6HCTRIA2 ,!X,5l8,F8.4) PU(.CHR
904 FOR MAT ( 7HCTR !A FC , tX ,’.I6,F8.4, I6)  PUNCHR
905 FO RMAT (5X ,7HCTR IA PG ,1X ,4I6 ,F8.’.,I6) PUNCHR
906 FOR MAT (6 HC O UAO ?,2X ,618,F8.4)
907 c O R MAT ( 5X ,6 HCO UA D2 ,2X ,6I8, F8.4)
908 FO R MAT ( 7HCTRAP ~~G, iX ,5I8 ,F8.4,I8)
909 FO RMAT ( 5X,7H CT RA PRG ,IX ,5I8 ,F8.4,I8)
910 FORMAT(i.HGPIO ,1.Y ,2I8, 3F8.4 ,18)
911 FORMAT (SX ,i.HGPID,4X,218,3F8.4,18)

RETURN PUNCHR
END PUNCHR
SUBPOUTINF WEOGF (Gt,G2,G3,OFLGP ,KK ,P41D,IEIO,ICLOSE ,NDT,NPOP ,J)
O!PWNcION KX (I0),X(30,30) ,Z(30,30),NG(30,30),NGF (30,30),COOE (30,30
1),KSKIP (30,30),J8(10),JF(tO),BETA (10),THFTA (IO),IMIN (30),IMAX (30)

INTEGER G1,G2,G3, G1.,G5,66,OELGP
COMMON X ,7 ,NG , COD F,NG~ ,KSKIP ,NSECT,J8,JE ,BETA,T HET A , IMIN,IMA X ,JMAX

tl,JMINI
COMMON MPC,IU (2’ ,JU(2),!tI(2) ,JM (2) ,IL(2) ,JL (2),ICOJ,LS(2)
COMMON ICONST(?I ,JCONST (2)

C •“ THIS SUBROUTINE °UNCHES THE SOLID ELEMENT CONNECTION CARDS
C “ (CWFO GE ) AND CR00 + OTR I A ?  CARDS FOR DISPLA Y ON GRIO

1 z 0.0
IBEG = IFID
G4 G1 + 1
G 5 = C 2 + t
G6 G 3 + 1
!F( ICLOSE.EQ.0) GO TO 100
GO TO 101

100 lOt GI
102 = 62
163 = G3

101 JJ = (CK(NOT +1) — I
I 1
IJ = 1.
1(41 = T HETA ( I)
00 99 L 1,JJ
IF (TH1.GE .’~FTA (IJ).AND.TH1.LT .BETA (IJ+1)) GO TO 300
IJ = t J i t

300 IF(J.LE.Jfl(IJ LCP.J.GT.JF(IJP) GO TO 105
IF(NPOP.EO.4) GO TO 200
PUNCH 600,IEID, MID,Gt,G2 ,G3 ,64,G5,G6
WRITE (6,601) IFIC,IIID,GI,G2,G3,Gk,G5,G6
IF(NPOP.EO. ’) GO TO 105

200 ID = IF!’)
IF = 10+ OELGP
IF(1-ISFCT.GT.1) CO TO 120 H
IF (L.GT.1) 60 TO 110
IF(L.EQ.JJ.ANO.ICLOSF.E fl.0) GO TO 111

120 PUNCH 800,ID ,IID,G1,G2,G3, T
110 PUNCH 800, T E ,r c ,G4 ,G5,G6, T
III. ID = IF + DELGP

IF = ID + ‘)FLG~PUNCH 700,IO,ID,GI,G4,IE,IF ,62,G!
ID = IF + OFL OF
PUNCH 700,tD,IO,03 ,G6
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105 GI = C’.

01 = 06
04 = 04 + 1

= 05 + I
G6 G6 + 1
IFID = IFID + OFLG P
IF(T H1.EQ.T I-4ETA (1+1)) 1=1+1
OTHETA (THFTA(I +1)—TMFTA (I ))/(KK(I +1)—KK(I I)
1(41 = 1(41 + OTIIFTA
IF (L.FO.JJ—I.AND.ICLOSE.Ff).O) GO TO 103
GO TO 99

103 04 = 161
162

06 = 163
99 CONTINUE

IFID = IBFG
600 FORMAT (6HCWFUGE,2X ,818)
601 FOR’~AT (5X ,6HCWFOGE,2X ,8I8)
700 FOR lA’(4HC~ OO,’.X,8I8I
701 FORMA T (SX ,t.HCR’)O,’.X,818)
600 FORMATI5HCTPU2,CX ,5I8,F8.4)

RETURN
END
SUBOOUTINE P(D3P(ML ,NCALL,t,J,NDT,KK ,IFIX ,MAX I,JMAX )
INTFGEP C 7(5),CN (S),C0 (5) ,CT (5) ,CB (5) ,CZP * (5) ,CNM ~ 5),COH (5) ,C1M~ 5) ,
IC8M(5),C(5),CM (5~~,A,B ,E,F ,G,H,P,O
INTFGFR CZI (5) ,CNI(5) ,CO1 (5),CT1(5),CB1(5),CZMI (~~),CNI11(5) ,COtU (S)

1,CTMI (5),CRI!l (5)
INTFGFR CZ2(5),CN2(5),CO2(5),CT2 (5),CB2 (5),CZM2(5),CNM2 (5),C0M2 (5)

1,CT~4?(5),CRM? (5)
DIMENSION X ( 3 0 , 3 0 )  ,S (30 ,30)  ,NT ( i O)  ,NG( 30 , 30 )  ,DELTZ ( IO)  ,COO E(30 ,30 )
DIMENSION N G F( 3 0 , 3 0 ) , KS K I° ( 3 0 , 30 ) , K K( I O) , T H E TA ( 1 O) ,J 9 ( I 0) , J F( t 0 )

1,PFTA ( 10) , IM!l~(10) ~~~~ (31) ,T ITLF (13)
COMMON X ,S,NG ,COCF ,NGF , KSKIP,NSECT ,JB,J€ ,BET A ,THETA,IMIN ,IMAX ,J MAX

11,JMINI
COMMON MPC,IU (2),JU(?),IM(?),JM(2),IL(’),JL (?),ICON ,LS(2)
COMMON ICC NST (2 )  ,JCO NST(?)
DATA F/PIl/, G/ I (4 ?f , (4/ 1(43/ , P/j i.~5/ , 0~ 1I4€/
NCP = 1
IPUN = 0
IF(TFIX.EO.4) GO TO 300
IF (ML.EO.1.ANO.NCALL.FQ.0) GO TO .6
IF( M1.EQ.2 .ANU.NCA LL.FQ.0)  GO TO ~
!F(ML.EQ.2 .AN’) .NCALL. FD.f l  GO TO 7
GO TO 9

6 NCALL = 1
GO ‘0 10

7 ((CALL = 2
GO TO 220

10 PFA !J(5 ,120) (~‘Z1 ( W A I , I(A 1,c) , (CN1(’( B) , ’(3 1,5) ,(GO1 ((~C) ,KC I,5), (CT
j1( ’),K~=1,5),(C91(KE),KE=1,~~),(CZ(4j(KF),KF=1,5), (C N11 (XG ),KG I, 5
2) , (COM1 (XH ) ,KH 1, !) ,(CTMI(KI) ,~~I=t ,E) , ( C 9 ( I ( K J ) , K .I l, )

IF ( L S( 1) . E O . LS(2 ) )  GO TO 221
GO TO 9

221 NCALL = 2
220 PFA D(5 ,12 0 )  f C 7 ? ( X A ) ,KA I,5) ,(C 1- !2(K3) ,K i3: I ,5) ,( CO 7( KC) ,KC : 1,5 ) ,(CT

I?(~~’)),KD t ,5) ,(C 3? ( KE ) ,KF 1,5) ,( CZ M 2 ( K F ) ,KF l,5), (C N M2 ( K G) , K G = 1 , S
2 ) , ( C O M2 ( K H ) , K H 1,5) ,(CT M2( I ( I) ,K I I,5), (05M2 ( KJ ) ,KJ:I, 5)
9 !F ( ML .EQ.?I 6)  ‘0 22?
00 225 L 1,5
C7 ( L)  = C 7 t ( L )
CN( L)  = CNI(L)
COIL )  = CO1 (L)
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C ’ ( L )  = CT 1 IL )
09( L)  = C Bt ( 1)
C !M(L) CZ M1 ( L)
CNM(LI = CNMI (L)
C O M ( L )  = CO M I ( L )
C T M ( L )  = CTP4I ( L )

2?5 CRP!(L) = C P 1 - t ( L )
GO TO 230

222 DO 735 1 1,5
07(1) = C7’ (L)
CHIL) = C N? ( L)
COIL )  = CO ’ ( L )
CT (L) = C T ? ( L )
09(1) = CA’(L)
C7M (L) = C ? M2( L)
C NM( L)  = CNM 2’ ( L)
COM ( L)  = COP I?(L)
CT PI( L)  = C T M? ( L)

‘35 09 1-1 (L) = C BM2( L)  -j

230 IF(!U(ML).EQ.t.AND.JU (ML).E0.J) GO TO 5
IFULUIL .EO.r.A ND.JL PILI.EO.J 0.0 TO 8
II = I
((41 = THFTA (!I)

20 IF (TH1.EO.C.O) GO TO 11
TF (TH1.EO.90.O) GO ID 1?
IF(T HI.EO .16fl.O ) 60 10 (3
IF(T HI.E0 .270 .0)  GO TO 1*.
PUNCH I0C,NG (I,J),NCP ,X (I,J),IHI,S (I,J),NCP ,(CB1(L) ,L=I,5)
WPITE(6,I01) ~IG(I,J),NC°,X(!,J),TH1,S (I,J),NCP,(CBM(L),L 1,5)
00 10 15

11 PUNCH 1O0,NG (~~,J),NCP ,X(I,J),1HI,!(I,J),NCP,(CZM(L) ,L I,5)
W~ ITE (6,i0t) NG (I,J),NC P,X (I,J ),IH1,S(I,J),NCP,(CZM (L) ,L=1,5)
GO ‘0 15

(2 PUNCH 10O,NG~~I,J),NCP ,X (I,J),THI,S (I,J),NCP ,(CN’1 (L),L 1,5)
W R I T F (6 , t f l t )  ‘-lG(1,J) ,NC~~,X ( I,J) ,T H1,S(I,J) ,NCP,( CNM ( L) ,L 1,5)
GO if) ~5

11 OIJNCH 10t1 ,NG( I ,J ) , NCP ,Y ( I ,J) ,TH1, S( I,J) ,NCP, ( C O M( L) , L =t , 5 )
w ? I’~~~6,1Ol ~G( I,J) ,NC°,x ( I,J) ,THI,S(I,J ) ,NCP , (COM (L) ,L 1,5)
GO TO 15

14 ~~JNCM t00 , NG( I ,J) ,NCP,X ( I,J) ,TH1,S(1,.J) ,NCP ,( CT M ( L) ,L 1,5)
W°I’E(6,t0t) NC(I,J),NCP,X(I,J),’Hl,S(I,J),NCP, (CTH (L),L 1,5)

15 00 TO 9~.100 ID = 1
TA Il
19’

IF S

—1. • 0
TSA V F = I
JSAVF = J
II = 1
1(41 = THFI1(II)
NG (TM(ML),JM (ML)) = NG (IM (ML) ,JM (HL))
NG (IL (PIL),JL(M1)) = NG (I1(ML),JL ((~L))
NG (IIJ (ML),JU (11)) NG( IU( ML ) ,JU(HL))

130 A = 8 = c =f l
IF(’HI.FQ.0.~~! GO TO ~CI
IF(’Mt.EC .qO. fl) GO TO 302
!F(’Ht .EO.160.0)  GO TO 303

• T F(T (4 1 .FOe2 i t’ .O)  GO TO 306
DO ~‘5 K 1,5
C (K) CB (W)
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25 CMIX) CBM (X )
GO TO 325

301 00 28 ‘( l,S
0(K) = CZ (K)

26 0(1(K) = CZM (K)
60 TO 325

302 00 30 ‘(=1,5
CIX) = CP4(K)

30 CMIX ) CNN (K)
GO TO 325

303 00 31 K 1,5
CC X) = COIK)

31 CMIX ) = CONIK)
GO TO 325

304 00 32 ‘(=1,5
CIX) = CT (X)

32 CMIX) = CTM (K)
325 I = IM (ML)

J = JH(ML)
RU X (IU (ML).JtJ (ML)) — X(I,J)

• RI. = X ( ILINL) ,JL(ML) I — XII,J)
RR = X (I,J)—X (IU (NL),JU(ML))
RS = X (I.J) — X(IL (HL),JL (ML))
00 40 1=1,5
IF (CM I (1) .EQ. F) A 1
IF (CM (M) .€O.G) 8=1

S.0 IF ICM(H) .EG .H) E 1
!F (8.EQ.1) GO TO 45
GO TO 46

61 IF(E.EQ.1) GO TO 50
GO TO 51

45 DO 60 N t.5
60 IF (CN(N).EQ.Q) 912

GO TO 61
46 00 65 LNII,5
65 IF ( C M ( L N ) . E Q . Q )  9=3

GO TO 61
50 00 75 ‘(1=1,5
75 IF(C H(KL) .EQ•P) E=2

GO TO 6’.
51 00 76 LK I,5
76 IF (CMILK) .EQ.P) E 3
64 00 62 1(111,5

IF (C(Ltl).EO.F) A 1
IF (CILM) .EQ.G.AND.9.EO.t) 8=2
IF(C(1M).EQ.G•ANO.B.E0.31 8=2
IE (C (LN) .€0.H.ANO .E .EQ.t) f 2

62 IF(CILM).EQ.H.ANO.E.EQ.3) E=2
IF(A.EQ.1) GO TO 80
PUNCH 105,IO,NG(IU (NL),JU(IIL)),IA,2,NG(I,J) ,IA,D
WRITE (6,106) IO,NG (IUIML),JU (NL) ),IA,Z,NG (I,J),IA,0
PUNCH 105,ID,NG (ILIML),JL (ML)) ,IA,Z.NG (I,J),IA,O
WRITE (6,jOb) I0,NG (IL (ML),JL IHL) ),IA,Z,NG(I,J),IA,D

80 !F(B.E0.O) GO TO 81
IF(8.EQ.1I GO TO 82
IFIB.EQ.3) GO TO 83
GO TO 8’.

81 PUNCH 109,ZD,NG(IU UIL),JU(Pt)),I8,7,NG(I,J),IE,RR,ICON
WRIT E(6,I10) ID,NG(IUIlL),JU(ML)),I9.Z ,NGU,J),IE,RR, ICON
PUNCH io7,ICON,NcCI,J).Ie,O
WR ITEI6,108) ICON,NG(I,J) ,IB,D
ICON = ICON + 1
PUNCH 139,tD,NG(ILIML),JI.(NL)),IB,Z,N G(I,J) ,IE,RS,ICON - •

W RIT E(b,1l0) I0,NGIILIML),JL (ML) ),IB,Z,NG(I,JI,IE,RS, ICON
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PUNCH 107, ICON ,Nr.(I,J), 18,0
WRITE I6,t08) ICON,NG (I,J),IB,D
ICON = ICON + 1
GO TO 8i.

62 PUNCH 105,I0,NGIIU(ML),JU (ML)),IB,?,NG (t,J),IE,RR
WRITEI6,1O6) ID,NG (IU (ML),JU (ML)),IR,Z,NG(I,J),IE,RR
PUNC H 105,ID,NG(IL (ML),JI (Pt)),IB ,7, NGII ,J),IE,RS
WRITE (6,t06) IO,NG (ILIIL),JL (P’L) ),I8,7,NG(I,J),IE,RS
GO TO 8’.

83 PUNCH 105,IO,NGIIU (ML),JU (ML)),I8.Z,NGII,JI,I8,D
WRITE(6,1~J6) ID,NG (IU(ML),JUIML) ),I8,Z,NG(I,J),IB,O
PUNCH 105,IO,NG (ILIML),JL (HL)),IB,Z,NG (I,J),IB,D
WRITE(6,106) IO,NG (ILOIL),JL (ML) ),I’3,Z,NG(I,JI,IB,O

8’. CONTINUE
IF(E.EQ.0I GO TO 91
IF(E.FO.1) GO TO 92
IF (E.F Q.3) GO TO 93
GO TO 3’.

91 PUNCH 139,I3,NG(IU(ML) ,JUIML)) , IC,Z,NG( I,J) ,IF,RU,ICON
WRITE (ô,110) I0,NG(IU( lL) ,JU(P~L)),IC,Z,NG(1,J),IF,RU, IC0N
PUNCH 107, CON,NG(I,J ) ,IC,C
W RITE (6 ,108)  ICON,NG( I,J) , IC,O
ICON = ICON + I
PU NCH 109, ID,NGI IL (ML) ,JL(HL))  ,IC,Z,NG(I,J) ,IF,RL,ICON
WRI T E(6 ,t iO )  I0,NG(IL(ML) ,JL(ML)),IC ,7,NG(I,J ,IF,RL,ICON
PUNCH 107,ICON,NG (I,J),IC,O
WRITEIÔ,I]8) ICON,NG(I,J),IC,D
ICON = ICON 4 1
GO TO 94

92 PUNCH 105,IO,NGI IU( ML) ,JU( ML) )  ,IC,l,NG(I,JI,IF,RU
WRITE(6,136) IO,NG (IU(’IL),JU(ML)),IC,7,NG(I,J),IF,RU
PUNCH 105,ID,NG (IL(ML),JL(PIL)),IC,Z,NG (I,J) ,IF,RL
WRITE (&, 136) I0,NG(IL(ML),JL (ML) ),IC,Z,NG(I,J),IF,RL
CO TO 9’.

93 PUNCH 105,IO,NGIIUIML),JU(ML)),IC,Z,NG (I.J),IC,O
WRITE(6,106) IO,NGIIU (ML),JU (ML)),IC,7,P4G(I,J),IC,D
PUNCH I35,IO,NG (IL(ML),JL (ML)),IC,Z,NGII,J),IC,D
WRITE (6,136) ID,NG (ILI ’IL),JL(ML) ),IC,7,NG(I,J),IC,D

94 CONTINUE
IF(T141.EQ.THFTA (II+1)) 11111+1
IF(TH 1.E’) .T HETA ( NOT + i) )  GO TO 70
OTHETA = (THETA(TI+1)—T1-IETA (II))/(KK(II4I)—KK (II))
NG( I,J) NG(I,J)+ 1
NGIIU (ML ),JUIHU )NG (IU (ML),JUINL)) 4 1
NGIIL(’IL),JL IPIL) )NG (IL (tIL),JL (ML)) + j
THI=TH1 + OTHETA
IF(T HI .E0.360.O)  GO TO 70
IFIIFIX.E ’).4) GO TO 330
IFIIPUN.E’).I) GO TO 330
60 TO 20

70 NG(I,J) = NG(I,J) — (K ’( ( N O Ti - i )— I l

NC( IUIML) ,JUIML) ) = N G( I U( M L I ,J U ( M L) )— ( KK( NOT + 1)—j I
NG(ILIML ),JL (ML)) = NG( IL IM L) , JI IML) )— IKXINDT+I )—1 )
GO TO 210

5 CONTINUE
8 CONTINUE

II = 1
TNt = TNFTA (II)

125 IF(TH1 .EQ.O. 0) GO TO 130
IF(THI.EQ.90.G) GO TO 131
IFITHI .EO.1BG.0) GO TO 132
IF(TH1.ED.270.O) GO TO 133
PUNCH 100,NGII,J),P4CP,X(I,J),TH1,5 (I,JI,NCP,(CB(L),LI1,5)
W R IT E( 6 , t O 1 )  NGI I,J ) ,NCP,X ( I,J) ,TH 1,S(I,J) ,NCP,(CB(L) ,L=j , 5)

A-19
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60 10 201
130 PUNCH I0O, NG(I,J),NCP ,X ( I ,J) ,T HI,SI I,J) ,NCP,(CZ IL) ,Lzt ,5)

WP IT E(6 ,I01) NG(I,J) ,NCP,X ( I ,J ) , TP~I,SI!,J),NCP, (CZ ( L),Lz1,5)
GO TO 2OI

131 PUNCH tOO,NGII,J),NCP,X (I,J),THI,SII,J),NCP,(CNIL),LzI,5)
WRITE (6,IOt) NGII,J),NCP,X(I,J),THI,SII,J),NCP,(CNILJ ,L=t,5)
GO TO 201

132 PUNCH jOQ,NG (I,J),NCP,X(j,J),THt,S(I,J),NCP, (COIL) ,Lz1,5)
WRITE I6,tOt) NGII,J),NCP ,XII,J),Tl41,S(I,J),NCP ,ICO (L),LI1,5)
GO TO 201

133 PUNCH tOO,NC(I,J),NCP,X(I,J),THI,S(I,J),NCP ,ICT (L),L= 1,5)
WRITE(6,IOI) NC(I,J),NCP,X(I,J),THI,S(I,J),NCP,ICTIL) ,Lz1,5)

201 CONT INUE
IF (THI.EO.THETA (II+1)) 11111+1
IF( IHI.Efl.T HETA(NDT+1)) GO TO 205
DTHFTA = (THFTA (II+I)—THETA III) )/IKK (II+1) —KK (II))
NGII,J) NG (I,J)+1
THI THI + DTHETA
!F(THI.E0.360.0) GO TO 205
GO 10 125

210 CONTINUE
IF(I.EO.IM (ML).AND.J•EQ.JM (ML)) GO TO 360

205 NGII,J) = NG(I,J) — (KK (NOT+I ) — 1)
GO TO 400

360 CONTINUE
IF(IEIX.NF.4) GO TO 400

= ISAVE
J = JSAVE

400 CONT INUE
IF (IPUN.E0.1.) GO TO 425
IE(I.E0•MAXI.AND.J.EQ.JMAX) GO TO ‘.10
GO TO 411

410 IF(IPUN.EO.O) GO TO 420
GO TO ‘.11

420 IPUN = I
60 10 300

425 I = ISAVE
J = JSAVF

‘.11 CONTINUE
100 FORMAT (’.HGRID,4X,2I3,3F8.3,18,3X ,5A1)
101 FORMA T I S X ,4HGPID,4X,2I8,3F8•3,I6,3x,5A1)
105 FORMAT (3HI4PC,5X,3I8,F8.3,?18,F5.3)
106 FORMAT (5X,3HMPC,5X ,3I8,F6.3,2I8,F8.3)
107 cORMAT (jH+ ,I3,12X ,218,F8.3)
108 FORMAT I5X ,IH+ ,I3 ,12X ,2I8,F8.3)
109 FORMAT (IHP4PC,5X ,1I8,F8.3 ,218,F8.3,8X ,IH. ,I3)
110 FORMAT (5X ,3HMPC,5X ,316,F8.3,2I8,F8.3,8X,IH4,I3)
120 FORMAT (50A1)

RE TIJR N
END

A-20
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This appendix presents eight sample problems. Each one

demonstrates some of the important features of JIG. Each of the

following problems gives a statement emphasizing these important

features, the mesh planning and prepara tion of data , the input

and output l ist ings, and a hardcopy of the structural plot.

B—I. Triangular Membrane and Bending , Axisymmetric

Triangular Ring , and 3— D Solid Elements — featuring

CTRIA2, CTRIARG and CWEDGE finite element structural

models.

B—I l. Variable Cross—Section ’s — featur ing solid wedge f i n i t e

element model having variable cross section.

B—Ill. Repeated sections — f ea tu r ing  repeated sections used

in a threaded joint.

B—IV. Variable Theta — featuring variable theta options for

CWEDGE structural finite element models.

B—V. Prescribed Points and Lines — featuring prescribed

point and line options. (Applies to a cross section).

3—VI. Transition —featuring combinations of increasing and

decreasing the mesh size of a structural model CR—

direction only).

B—VII. MPC Generator — featuring the generation of MPC cards

for connection of solid wedge to plate elements.

B—VIII. Curved Boundary — f ea tu r ing  a nozzle using the curved

boundary option.

B-i
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PROBLEM B-I

TRIANGULAR MEMBRAN E AND BENDING , AXISYMMETRIC

TRIANGULAR RING AND 3-D SOLID ELEMENTS

The three following examples demonstrate the use of CTRIA2,

CTRIARG and the CWEDGE options. Figure B-i, shows the planned finite

element model and configuration of the cross—section of a solid ring.

This model shall be used to demonstrate all three of the above options.

In example B—I—A the CTRIA2 punch option is shown. The model, con—

sisting of a constant thickness flat plate, was divided into five

equal spaces in the I — Z direction and four equal spaces in the

J - X or R direction. A complete listing of the data input is shown

in Figure B—2. Figure 8—3 shows the grid point and element identifi-

cation numbers as generated by JIG. Figure B—4 gives a structural

plot of the finite element model and is followed by a listing of

the JIG punched output.

Example B—I-B demonstrates the CTRIARG option. Figure 8—1 shows

the planned finite element model and configuration of an axisymmetric

ring. A complete listing of the data input is shown in Figure B—S.

Figure B—6 shows the the grid point and element identification numbers

as generated by JIG. Figure 8—7 gives a structural plot of the finite

element model and is followed by a listing of the JIG punched output.

In example B—I—C the CWEDGE punch option is shown. The planned

finite element model and configuration of the solid 3—D element option

is shown in Figure B—l. The model was divided into five equal spaces

in the I — Z direction , four equal spaces in the J — X or R direction,

and six equal spaces in the theta direction. A complete listing

of the data input is shown in Figure B—8. Figures B—9 and 8—10 show

B-2
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*** ç 4 P ( F — V’ L AT E ri F ~~T c  ~ **
1 5 r~ r’ 1
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1 1 ~~~~~ 1 ~ 1 5 • C i . r~
6 5 5. ’~ 5.0 1 5 0.0 4.0

FIG. B-2 DATA iNPUT PROBLEM B-I-A
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CTRIA 2 ELEMENTS
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• LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B-I-A TRIANGULAR MEMBRANE ELEMENTS

**
•~ JUNCTION INPUT GENERATOR PROGRAM IJIG) ••

•** SAMPLE 1 — PLATE ELEMENTS ~~~

NST 1
NGS 1

• MES I I
NPOP 0

5
NGP 0
IDELT = 0
‘ISECT = 1
NTI 1) = 1 DELTZI 1) = 0.0000

B-7
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I J !(I,J) X (I,J) 000F(I,J)

I 1 0.00000 1.00000 1
2 1 1.00000 1.00000 1
3 1 2.00000 1.00000 1
4 I 3.00000 1,00000 I
5 1 4 .00000 1.00000 I
6 I 5.00000 1.00000 1
1 2 0.00000 1.75000 1
2 2 1.00000 1.79999 0
3 2 2.00001 1.85002 0
4 2 3.00002 1.90000 0
5 2 3.99999 1.9’.998 0
6 2 5.00000 2.00000 1
I 3 0.00000 2.50000 1
2 3 1.00003 2.60002 0
3 3 2.00002 ‘.70002 0
4 3 3.00000 2.79999 0
5 3 4.00000 2.90000 0
6 3 5.00000 3.00000 1
1 4 0.00000 3.25000 1
2 4 1.00002 3.40002 0
3 1 1.99998 3.54999 0
4 I, 3.00000 1.70000 0
5 4 4.00000 3.84999 0
6 4, 5.00000 4 .00000 1
1 5 0.00000 4.00000 I
2 5 1.00000 4 .20000 1
3 5 2.00000 4.40000 I
4 5 3.00000 4.60000 1
5 5 4.00000 4.80000 1
6 5 5.00000 5.00000 1

GR ID 1 0 1.0000 0.0000 0.0000 0 456
GRID 2 0 1.0000 0.0000 1.0000 0 456
GRID 3 0 1.0000 0.0000 2 .0000 0 456
GR ID 4 0 1.0000 0.0000 3.0000 0 ‘.56
GRID 5 0 1.0000 0.0000 4.0000 0 456
GRID 6 0 1.0000 0.0000 5.0000 0 456
GRID 7 0 1.7500 0.0000 0.0000 0 456
GRID 8 0 1.8000 0.0000 1.0000 0 456
CYRIA ? 1 1 8 7 1 0.0000
CTR IA’ 2 1 1 2 8 0.0000
GRID 9 0 1.8500 0.0000 2.0000 0 ‘.56
CTRIA2 3 1 9 8 2 0.0000
CTRIA? I. I 2 3 9 0.0000
GRID 10 0 1.9000 0.0000 3.0000 0 456
CYRIA ! 5 1 10 9 3 0.0000
CTQTA2 6 1 3 4 10 0.0000
GRID II 0 1.9500 0.0000 4.0000 0 456
CTPI*2 7 1 11 10 i. 0.0000
CT R IA~ 8 1 4. 5 11 0.0000
GR ID 12 0 2.0000 0.0000 5 .0000 0 456
CTRIA2 9 1 12 11 5 0.0000
CTRIA2 10 1 5 6 12 0.0000
GRID 13 0 2.5000 0.0000 0.0000 0 456
GRID 14 0 2.6000 0.0000 1.0000 0 456
CTRIA2 11 I 1’. 13 7 0.0000
CTR! A2 12 1 7 8 14 0.0000
GRID 15 0 2.7000 0.0000 2.0000 0 456
CTQIA2 13 1 15 14 8 0.0000

B—8
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CTRIAP 14 1 8 9 15 0.0000
GRID 16 0 2 .8000 0 .0000  3 .0000  0 456
CTRT*? 15 1 16 15 9 0.0000
CTRIA2 16 1 9 10 16 0.0000
GRID 17 1) 2.9000 0.0000 4.0000 0 456
CTRIA? 17 1 17 16 10 0.0000
CTRIA ~ 18 1 10 11 17 0.0000
GR ID 18 0 3 .0000 0 .0000 5 .0000 0 456
CTRIA2 19 1 18 17 11 0.0000
CTRIA? 20 1 II 12 18 0.0000
GR ID 19 0 3.2500 0.0000 0.0000 0 456
GRID 20 0 3 .4 00 1)  0 .0000 1.0000 0 456
CTRIA2 21 1 20 19 13 0.0000
CTRIA? 22 1 13 14. 20 0 .0000
GRID 21 0 3.5500 0.0000 2.0000 0 456
CTR IA ? 23 I 21 20 14 0.0000
CTR IA? 24 I 14 15 21 0.0000
GR ID 22 0 3 .7000 0 .0000 3 .0000 0 456
CTRIA2 25 1 22 21 15 0.0000
CTR IA2 26 1 15 16 22 0.0000
GRID 23 1) 3.8500 0 .0000 4.0000 0 456
CTRIA~ 27 1 23 22 16 0.0000
CTRIA’ 28 1 16 17 23 0 .0000
GRID ?~ 0 4 .0000 0 .0000 5.0000 0 4 56
CT RIA2 1 24 23 17 0 .0000
CTP IA2 1 17 18 24 0.0000
CR10 25 0 4. 1)000 0.0000 0 .0000 0 4.56
GRID 2€ 1) 4.2000 0.0000 1.0000 0 456
CTR!A2 31 1 26 25 19 0 .0000
CIRIA’ 32 1 19 20 26 0.0000
GRID 27 0 4.4.000 0.0000 2.0000 0 456
CTPIA2 33 1 27 26 20 0 .0000
CTRIA ’ 34 1 20 21 27 0.0000
GRID 28 0 4 .6000 0.0000 3.0000 1) 456
CTR IA2 35 1 26 2? 21 0 .0000
CTRTA? 36 1 21 22 28 0.0000
GIlID 29 0 4.6000 0 .0000 4.0000 0 456
CTRIA? 37 I 29 28 22 0.0000
CTRIA2 38 1 22 23 29 0.0000
GRID 30 0 5.0000 0.0000 5.0000 0 456
CTRI*? 39 1 30 29 23 0.0000
CTRIA’ 40 1 23 24 30 0.0000

B-9
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*** SA MPLF 1 — AXI SYMM ETR IC RIN G ELEMENTS ***

r~~p
4 1 1 ~ 

U U 0 0 4 56 0

I I 0.~ 1.0 1 6 1 5.0 1.0 1
6 5 5.’~ 5.0 1 1 5 0.0 4.0 1

I

FIG B-B DATA INPUT PROBLEM B-I-B
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CTRIARG ELEMENTS
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B-I-B AXISYMMETRIC RING ELEMENTS

‘ JUNCTION INPUT GENERATOR PROGRAM (JIG) “

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s... ~~~~ ~~~~~~~~~

~~~ SAM PLE 1 — AX ISY MM ETR IC RING ELEIE iTS ~~~‘

NST I
N GS I
NES I
NPOP : I
MI0 = 5
NGP : 0
I DELT = 0
NSECT I
NT I 1) 1 ~ELTZ ( 1) = 0 . O C O O

B-13
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I J 7(I,J) X (I,J) CDDE (I,J)

1 1 0.00000 1.00000 1
2 1. 1.00000 1.00000 1
3 1 2.00000 1.00000 1

~ 1 3 .00000  1.00000 1
• 5 1 4 .00000  1.00000  1

6 1 ~.O0000 1.00000 1
I 2 0.00000 1.75000 1
2 2 1.00000 1.79999 0
3 2 2 .00001 1.85002 0
‘. 2 3 . 0 0 0 0 2  1.90000 0
5 2 3 .99999 1.94998 0
6 2 5.00000 2.-00000 I
1 3 o .oooor 2.50000 1
2 3 1.00003 2.60002 0
3 3 2.00002 .70002 0
4+ 3 3.00000 2.79999 0
5 3 4 . 0 0 0 0 0  2 . 9 0 0 0 0  0
6 3 5 . 0 0 0 0 0  3 . 0 0 0 0 0  1.
1 ‘+ 0.00000 3.25000 1
2 4+ 1 .00002 3 .40002  0
3 4 1.99998 1.54999 0
4+ 4+ 3.00000 3.70000 0
5 ‘ ~..000QD 3.84999 0
6 5.00000 ~..0000O 1.
1 5 0.00000 4.00000 1
2 5 1.00000 4.20000 1
3 5 2 . 0 1) 0 0 0  4. 40000  1
4+ 5 ~.00000 +.60000 I
5 ~ 4.00000 4.80000 1
6 5 5.00000 5.00000 1

GRID 1 0 1.0000 0.0000 0.0000 0 4+56
GRID 2 0 1.0000 0.0000 1.0000 0
GRID 3 0 1.0000 0.0000 2.0000 0 4+56
GRID 0 1.0000 0.0000 3.0000 0 ~56CR10 5 0 1.0000 0.0000 4.0000 0 456
GRID 6 0 1.0000 0.0000 5.0000 0 456
GRID 7 0 1.7500 0.0000 0.0000 0 4+56
GRID 8 0 1.8000 0.0000 1.0000 0 4+56
CTR IARG 1 8 7 1 0.0000 5
CTRIARG 2 1 2 8 0.0000 5
GR ID -

~ 0 1.8500 0.0000 2.0000 0 .56
CTRIARG 3 9 8 2 0.0000 5
CTRIARG .. 2 3 9 0.0000 5
GRID 15 0 1.9000 0.0000 3.0000 0 4+56
CT R IA RG 5 10 9 3 0.0000 5
.RIARG 6 3 4. 10 0.0000 5

GRID 11 0 1.9500 0.0000 4.0000 0 456
CTRIARG 7 11 10 4+ 0.0000 5
CTRIARG 1) 4+ 5 11 0 . 0 0 0 0  5
GRID 12 1) 2.0000 0.0000 5.0000 0 i.56
CTR IARG 12 11 5 0.0000 5
CTR IARG 10 5 6 12 0.0000 5
GRID 13 0 2.5000 0.0000 0.0000 0 4+56
GRID 1. 1) 2.6000 0.0000 1.0000 0 456
CTRIARG 11 1~. 13 7 0.0000 5
CTRIA’G 12 7 1’. 0.0000 5
GRID 15 0 2.7000 0.0000 2.0000 0 456
CT-RIARG 13 15 14 8 0.0000 5
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CT RIA RG 14 8 9 15 0 . 0 0 0 0  5
GRID 16 0 2.6000 0.0000 3 .0000 0 456
CTRIARG 15 16 15 9 0.0000 5
CTRIARG 16 9 10 16 0.0000 5
GRID 17 0 2.9000 0.0000 4.0000 0 456

• CTRIARG 17 17 16 10 0.0000 5
CTRIARG 18 10 11 17 0.0000 5
GRID 18 0 3.0000 0.0000 5.0000 0 4+56
CTRIAR G 19 18 17 11 0.0000 5
CT R IA R G  20 11 12 18 0.0000 5
GRID 19 0 3.2500 0.0000 0.0000 0 456
GRID 20 0 3.4000 0.0000 1.0000 0 4+56
CTR IARG 21 20 19 13 0 .0000  5
CTRIARG 22 13 14 20 0.0000 5
GRID 21 0 3.5500 0.0000 2.0000 0 456
CTRIARG 23 21 20 14 0.0000 5
CTR IARG 2’. 1’. 15 21 0 .0000  5
GRID 22 0 3.7000 0.0000 3.0000 0 456
CTRIARG 25 22 21 15 0.0000 5
CTRIARG 26 15 16 22 0.0000 5
GRID 23 0 3.8500 0.0000 4.0000 0 456

* CTRIA R G  27  23 22 16 0.0000 5
CTRXA RG 28 16 17 23 0.0000 5
GRID 24 0 4.0000 0.0000 5.0000 0 4+56
CTRIA RG 29 24 23 1? 0.0000 5
CTRIARG 30 17 18 24 0.0000 5
GRID 25 0 4.0000 0.0000 0.0000 0 4+56
GRID 26 0 4.2000 0.0000 1.0000 0 ‘.56
CTRIARG 31 26 25 19 0.0000 5
CTRIARG 32 19 20 26 0.0000 5
GRID 27 0 4.4+000 0.0000 2.0000 0 4+56

• CTRIARG 33 27 26 20 0.0000 5
CTRIARG 34 20 21 27 0.0000 5
GRID 28 0 4.6000 0.0000 3.0000 0 +i56
CTRI AR G 35 28 2? 21 0.0000 5
CTRIARG 36 21 22 28 0.0000 5
GRID 29 0 4 .8000  0 . 0 0 0 0  4 . 0 0 0 0  0 4 +56
CTRIARG 37 29 28 22 0 . 0 0 0 0  5
CTRIARG 38 22 23 29 0 .0 0 0 0  5
GRID 30 0 5 . 0 0 0 0  0 .0000  5 . 0 0 0 0  0 456
C T R I A R G  39 30 29 23 0.0000 5
CTRIA RG 40 23 24 30 0 . 0 0 0 0  5

B-15
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*** SAMPLF 1 — ~D SOLID ELEMENTS 4*4

1 1 ~ ~3 5 n 1 1

1 1 IOC
1 r~~r 1

I S
4 1 ~ 1 6 0 (1 0 0 0 456 0
1 1 0. 1.0 1 6 1 5.0 1.0 1
6 5 S.0 5.0 1 1 5 0.0 4.0 1

FIG. B-S DATA INPUT PROBLEM B-I-C
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the grid point and element identification numbers as generated by

JIG. Figure B—li gives the structural plot of the finite element

model followed by a listing of the JIG punched output.
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LISTING OF PU NCHED NASTRAN BULK DATA CARDS
PROBLEM B-I-C 3-D SOLID ELEMENTS

“ JUNCTI3N INPUT GENERATOR PROGRAM (JIG) •~
0~~~

.*.*.,. ~ ••.•.••••.••••••• ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

••~ SAMPLE I — 30 SOLID ELEME NTS 
~~

NST : 1
NGS I
NES 1
NPD P :  3
MI.) : 5

0
b ELT = 1
P-ISECT = I
‘~T (  1) z ) ELTZ (  1) = 0 .0000
~DT 1
IC LOSE 1
DFLGP = 100
(1< 1 j )  I THETA I 1) = 0.0000
KI( ( 2) 7 T H ET A (  2) = 180.0000
3 E T A (  1) 0 .0000
~FT 4( 2)  180.0000
J~~( 1) s j  J F(  1) z 5
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I J Z(I,J) X(I,J) COOE (I,J

1 1 0.00000 1.00000 1
2 1 1.00000 1.00000 1
3 1 2.00000 1.00000 1
.. I 3.00000 1.00000 1
5 1 4.00000 1.00000 1
6 1 5.00000 1.00300 1
1 2 0.00000 1.75000 1
2 2 1.00000 1.79999 0
3 2 2.00001 1.85002 0
4+ 2 3.00002 1.90000 0
5 2 3.99993 1.94998 0
6 2 5.00000 2.00030 1
I 3 0.00000 2.50000 1
2 3 1 .00003 2 . 6 0 0 0 2  0
3 1 ‘.00002 2.70002 0
4 3 3.00000 2.79999 0
5 3 ...00000 2.90000 C
6 3 5 .00000  3 . 0 0 0 0 0  1
1 4 0 .00000 3.25000 1
2 ‘. 1.00002 3 .4 + 0 0 0 2  0
3 ‘. 1.99998 3.54 +999 0
4 4+ 3 .00000 3 .7000 0 0
5 4+ 4 . 0 0 0 0 0  3.849)9 0
6 I. 5 . 0 0 0 0 0  4 . 0 0 0 0 0  1
1 5 0.00001) ‘+.00000 1
2 5 1.00000 4 . 2 0 0 0 0  1
3 S 2 . 0 0 0 0 0  ‘+ .4 0 0 0 0  1
4. 5 3 . 0 0 0 0 0  4 . 6 0 0 0 0  1
5 5 4 . 0 0 0 0 0  .+.80000 I
6 5 5.00000 5.00000 1

GRID 1 1 1 . 0 0 0 0  0 . 00 0 0  0 . 0 0 0 0  1 4+ 56
GRID 2 1 1.0000 30 .0000  0 . 0 0 0 0  1. ‘+56
CR10 3 1 1.0000 60.0000 0.0000 1 4.56
GRID 4+ 1 1.0000 9 0 . 0 0 0 0  0 .0 0 0 0  I ‘.56
GRID 5 1 1.0000120.0000 0.0000 1 4+56
GRID 6 1 1.0000150.0000 0.0000 1 456
GRID 1 1.0000180.0000 0.0000 1 ‘.56
CR10 8 1 1.0000 0.0000 1.0000 1 4+56
GRID 9 1 1.0000 30.0000 1.0000 1 ‘+56
G~ I0 10 1 1.0000 60.0000 1.0000 1 -+56
GRID 11 1 1.0000 9 0 . 0 0 0 0  1.0000 1. 4+56
G°I0 12 1 1 .0000120 .0000  1 .0000  1 ‘+56
GRID 13 1 1.0000I50.0000 1.0000 1. ‘+56
GRID 1-. 1 1.0300180.0000 1.0000 1 ‘+56
GPIO 15 1 1.0000 0.0000 2.0000 1 -+56
GRID 16 1 1.0000 30.0000 2.0000 1 456
GRID 17 1 1.0000 60.0000 2.0300 I 456
GRID 13 I 1.0000 90.0000 2.0000 1 ‘.56
GQIO 19 1 1.0000120.0000 2.0000 1 456
GRID 20 1 1 .000 0150 .0000  2 .0000  1. ‘.56
GRID 21. 1 I.0000I80.0000 2.0000 1 4+56
GRID 22 I 1.0000 0.0000 3.0000 1 4+56
GRIC 23 1 1.0000 30.0000 3.0000 1 ‘+56
GRID 24 1 1.0000 60.0000 3.0000 1 456
GRID 25 1 1.0000 90.0000 3.0000 1 456
G~ IO 26 1 I.0000120.0000 3.0000 1 4+56
GRID 27 1 1.0000150.0000 3.0000 1 ‘.56
GRID 28 1 1.0000180.0000 3.0000 1 ‘.56
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GRID 29 1 1.0000 0 . 0 0 0 0  ‘+ .0 0 0 0  I .56
GRID 30 1 1 .0000  3 0 .0 0 0 0  4 . 0 3 00  1 4 + 56
GRID 31 1 1 . 0 0 0 0  6 0 . 0 0 0 0  4 . 0 0 0)  1 ‘.56
GRID 32 1 1.0000 90.0300 4.0000 1 456
t,RI0 3 3 1 1 .0000 12 0 .0000  4 . 0 0 0 0  1 ‘.5o
GRID 3’. 1 I .00001 50 .0000  4 . 0 0 0 0  1 4.56
GRID 35 1 1. 0 0 0 0 1 8 0 . 0 0 0 0  4 . 0 0 0 0  1 ‘.56
GRID 3o 1 1.0000 0.0000 5.0000 1 ‘.56
GRID 37 1 1 .0000  3 0 . 0 0 0 0  5 . 0 0 0 0  1 ‘.56
G R I D  30 1 1.0000 60.0000 5.0000 1 ..56
GRID 3-3 1 1.0000 90.0000 5.0000 I ‘.56
G 1 0  4.0 1 I.3000I20.0000 5.0000 1 -+56
GRID 61 1 1.0000150.0000 5.0000 1
GRID 42 1 1.0000180.0000 5.0000 1 .56
GRID 43 1 1.7500 0 .0000  0 . 0 0 0 0  1 ‘.56
GRI~

) 4+- . 1 1.7500 3 0 . 0 0 0 0  0 . 0 0 0 0  1 456
GRID 45 1 1.7500 60.0000 0.0000 1 456
GRIt) 4+6 1 1.7500 90.0000 0.0000 1 ‘.56
GRID 47 1 1.7500120.0000 0.0000 1 ‘+56
GRID 68 I I.7500150.C000 0.0000 1 456
GRID ‘.9 1 1.7500180.0000 0.0000 1 4.56
GRID 50 1 1.8000 0 . 0 0 0 0  1 .0000 1 456
G°I0 51 1 1 .8000  30 .0000  1.0000  1 456
GRID 5? 1 1 .8000 60 . 0 0 0 0  1.0000  1 ‘+56
GRID 53 1 1.8000 9 0 .0 0 0 0  1 .0000  1 456
GRID 5-. 1 1.8000120.0000 1.0000 1 456
GRID 55 1 1.8000150.0000 1.0000 1 456
CR10 56 1 1.8000180.0000 1.0000 1 456
CWEDGF 1. 5 50 ‘.3 I 51 4-. 2
CWFOGE lOt 5 51 44 2 52 45 3
CWFDGF 201 5 52 45 3 53 46 I.
CW~ 0GF 301 5 53 4+6 4+ 5’. 47 5
CWEOG E 4.01 5~. 67 5 55 48
CWEDGE 501 5 55 4.8 6 56 4.9 7
Cl-lEDGE 2 5 1 8 50 2 9 51
CWE~ GF 102 5 2 9 51 3 10 5.
CWFOGF 202 5 3 10 52 ‘. 11 53
CI+EOGE 302 5 ~. 11 53 5 12 5’.
CWFDGc 402 9 5 12 5-. 6 13 59
CW FOGF 502 5 6 13 55 7 14 56
G~ I~) 57 1 1.8500 0.0000 2.0000 1 ‘.56

58 1 1.8500 30.0000 2.0000 1 456
GRID 59 1 1.8500 6 0 . 0 0 0 0  2 . 0 0 0 0  I 456
GRI D 60 1 1.8500 90 .0000  2 . 0 0 0 0  1 456
G RZ D 61 1 1.8500120.0000 2.0000 1 456
G~~IO 62  1 1.6500150.0000 2 .0000  1 456

€ 1  1 1.3500180.0000 2 .0000  1 456
C dEDG~ 3 5 57 50 8 58 51 9
C~~E~ GE 103 5 58 51 9 59 52 10
C~dE0G~ 203 5 59 52 j f)  60 53 Ii
CWFJGr 301 5 60 53 II 61 5.. 12
CWr)G! ‘.03 5 61 5’. 12 62 55 13
CW E ~ GE 503 5 62 55 13 63 56 1-.
CWEDGF ‘. 5 8 15 57 9 16 58
CWE~ GF 104 5 9 16 58 10 17 59
CW~ D G~ 20.. 5 10 17 59 11 18 63
CWF DGE 30 4+ 5 11 18 6) 12 19 61
CWFOGE 40. 5 12 19 61 13 20 62
CI4FDGF 50’. 5 13 20 62 14 21 61
G~~I0 6’. 1 1.9000 0.0000 3.0000 1 456
GRID 69 1 1.9000 3 0 .0 0 0 0  3 . 0 0 0 0  1 4.56
GRID 66 1 1.9000 60.0000 3.0003 1 ‘+56
GRID 67 1 1.9000 90.0000 3.0000 I 456
GRID 68 1 I.9000I20.0000 3.0000 1 456
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GRID 69 1 1.9000150.0000 3.0000 1 4+56
GRID 70 I 1.9000180.0000 3.0000 1 456
CWEOGE 5 5 64 5? 15 65 58 16
CwEDGF 105 5 65 56 16 66 59 17
CWE DGE 205 5 66 59 17 67 60 18
CWFDGF 305 5 67 60 18 68 61 19
CWEDGE 405 5 68 61 19 69 62 20
CWEDGE 505 5 69 62 20 70 63 21
CWEOG F 6 5 15 22 64 16 23 65
CWEDGF 106 5 16 23 65 1? 24 66
CWEOGE 206 5 17 24 66 18 25 57
Cl-lEDGE 306 5 18 25 67 19 26 68
CWEDG F ‘.06 5 19 26 68 20 27 69
CWEO GE 506 5 20 27 69 21 28 70
GRID 71 1 1.9500 0.0000 4.0000 1 4.56
GRID 72 1 1.9500 30.0000 4.0000 1 4.56
GRID 73 1 1.9500 60 .0000  4 .0000  1 ‘.56

F GRID 7’. I 1.9500 90 .0000  4 . 0 0 0 0  1 456
GRID 75 1 1.9500120.0000 4.0000 1 ‘.56
GRID 76 I 1.9500150.0000 4 . 0 0 0 0  1 4+ 56
GRID 77 1 1.9500180.0000 4 . 0 0 0 0  I 456
CWE DGE 7 5 71 64 22 72 65 23
CW EOCE 107 5 72 65 23 73 66 24
CWEDGE 207 5 73 66 24 74+ 67 25
CW EDGE 307 5 74. 67 25 75 68 26
CWE OGE ‘.07 5 75 68 26 76 69 27
CWE OGE 507 5 76 69 27 77 70 28
CW EDGE 8 5 22 29 71 23 30 72
CWEDGE 108 5 23 30 72 2’. 31 73
CWEDGE 208 5 24 31 73 2S 32 74
CW EDGE 308 5 25 32 7-. 26 33 75
CWEDGE 408 5 26 33 75 27 34 76
CWEDGE 508 5 27 34 7o 28 35 77
GRID 78 1 2 . 0 0 0 0  0 . 0 0 0 0  5 . 0 0 0 0  I 4.56
GRID 79 1 2.0000 30.0000 5.0000 1 456
GRID 80 1 2.0000 60.0000 5.0000 1 4.56
GRID 81 1 2.0000 90.0000 5.0000 1 456
Gt.~ID 82 1 2.0300120.0000 5.0000 1 456
GRID 83 1 2.0000150.0000 5.0000 1 456
GRID 8’. 1 2.0000I80.0000 5.0000 1 ‘.56
CWEDG! 9 5 78 71 29 79 72 30
Cl-lEDGE 109 5 79 72 30 80 73 31
CWEDGF 209 5 80 73 31 81 74 32
CWEDGE 309 5 81 74 32 82 75 33
CW EDGE ‘.09 5 82 75 33 83 76 3’.
CWF OGF 509 5 83 76 3’. 8’. 77 35
CW EDGE 10 5 29 36 78 30 37 79
CWED GE 110 5 30 37 79 31 38 80
CWE DGE 210 5 31 38 80 32 39 81
CWEDGF 310 5 32 39 81 33 40 82
CWEDGE 4.10 5 33 40 82 3’. 41 83
CWE OGE 510 5 3’. 41 83 35 42 8~.GRID 8S 1 2 .5000 0.0000 0 .0000 1 4.56
GRID 86 1 2 .5000  30 .0000 0 .0000  1 4.56
GR ID 67 1 2.5000 60.0000 0 .0 000 1 4.56
GRID 88 I 2.5000 90.0000 0.0000 1 ‘.56
GRID 89 1 2.5000120.0000 0.0000 1 456
GRID 90 1 2.5000150.0000 0.0000 1 ‘.56
GRID 91 1. 2.5000180.0000 0.0000 1 ‘.56
i RID 92 1 2.6000 0.0000 1.0000 1 ‘.56
GRID 93 1 2.6000 30.0000 1.0000 1 456
GRID 9’. 1 2.6000 60.0000 1.0000 I 456
CR10 95 1 2 .6000  90.0000 1.0000 1 456
GRID 96 I 2 .6000120.000 1 1.0000 1 456

B~ 2l~

—I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~1~~•~ - - ~~ 
.

- -



-.-- ~~__._ ~
__ *-_ ————*-— .—— .~~. -_.~

; ~~~~~~~~~~~~~~~~~~~~ ~ =_ _._ *:*__ ___-__ -_ ---__.____
* 

. 
-— — 

- NSWC/WOL TR 77—85

GRID 97 1 2 . 6 0 0 0 15 0 . 0 0 0 0  1.0000 1 456
GRID 98 1 2.6000180.0000 1.0000 1 456
CWFDGE 11 5 92 85 43 93 86 44
CW EDGF Iii 5 93 86 4’. 9’. 87 -.5
Cl-lEDGE 211 5 9’. 87 45 95 86 46
CW E DGF 311 5 95 88 46 96 89 ‘.7
Cl-lEDGE 411 5 96 89 47 97 90 ‘.8
CWEDGE 511 5 97 90 48 98 91 49
CUEDGE 12 5 43 50 92 4.4 51 93
Cl-lEDGE 112 5 4’. 51 93 45 52
CWFDGF 212 5 4.5 52 9’. ‘.6 53 95
CWEO GE 312 5 66 53 95 47 54 96
CWEOGE 412 c 47 56 96 48 55 97
CWEDGE 512 5 4.8 55 97 ‘+9 56 98
GRID 99 1 2 .7000  0 .0000  2 .0000  I 656
GRID 100 1 2 . 7 0 0 0  3 0 . 0 0 0 0  2 .0000  1 456
GRID 101 1 2.7000 60.0000 2.0000 I 456
GRID 102 1 2.7000 90.0000 2.0000 1 456
GRID 103 I 2.70001.20.0000 2.0000 1 456
GRID 104 1 2.7000150.0000 2.0000 1 4.56
GRID 105 1 2 .7 0 0 0 1 8 0 .0 0 0 0  2 . 0 0 0 0  1 456
CW EDG E 13 5 99 92 50 100 93 51
CWEOGE 113 5 100 93 51 101 94 52

* Cl-lEDGE 213 5 101 9’. 52 102 95 53
CWEOGE 313 5 102 95 53 103 96 5’.
CWEDGF 613 5 103 96 54 10’. 97 55
CWEDGE 513 5 104 97 55 105 98 56
CWED&F 1’. 5 50 57 99 51 58 100
Cl-lEDGE 114. 5 51 58 100 52 59 101
CWE DGF 214 5 52 59 101 53 60 102
CW EDGF 31’. 5 53 60 102 54 61 103
CWEDGF 4.1~. 5 54 61 103 55 62 10’.
CWEDGF 51’. 5 55 62 10.. 56 63 105
GRID 106 1 2 .8000  0 .00 00  3 . 0 0 0 0  1 456
GRID 107 1 2.8000 30.0000 3.0000 1 4.56
CR11) 108 1 2.8000 60.0000 3.0000 1 456
GRID 109 1 2 .8000  90 .0000  3 .0000  1 456
GRID 110 1 2 . 8 0 0 0 1 2 0 . 0 00 0  3 . 0 0 0 0  1 4.56
GRID 111 1 2.8000150.0000 3.0000 1 4.56
GRID 112 1 2 . 8 0 0 0 1 8 0 . 0 0 0 0  3 .0000  1 4.56
CW EDGE 15 5 106 99 57 107 100 58
Cl-lEDGE 115 5 107 100 58 108 101 59
Cl-lEDGE 215 5 108 101 5-9 109 102 60
CW EDG E 315 5 109 102 60 110 103 61
Cl-lEDGE 4.15 5 110 103 61 111 10.. 62
CHEDGE 515 5 Ill 10’. 6’ 112 105 63
CWEDGF 16 5 57 6’. 106 58 65 107
CWEDG E 116 5 58 65 107 59 66 108
CWE DGE 216 5 59 66 108 60 67 109
CI4EOGE 316 5 60 6? 109 61. 68 110
CW EOGE 4.16 5 61 68 110 62 69 III
CWEOG E 516 9 62 69 111 63 70 112
GRID 113 1 2.9000 0 .0000  4 . 0000  1 4+ 56
GR ID 11’. 1 2.9000 30 .0000  4 .0000  1 4 + 56
GRID 115 1 2.900 0 6 0 .0000  4 .0000  1 ‘.56
GRID II’S 1 2 . 9 0 0 0  90 .0000 4 . 0000  I 4+ 56
GRID 117 1 2 .9000120.0000 4 .0000 I 4.56

• GRID 118 1 2.9000150.0001 4 .0000 1 456
GRID 119 1 2.9000180.0000 4.0000 1 4.56
CW EOGF 17 5 113 106 6’. 11’. 107 6~
CWEDGF 117 5 114 107 65 115 108 66
CWEOGE 217 5 115 108 66 116 109 67
CWEDGE 317 9 116 109 67 II? 110 68
Cl-lEDGE 417 5 117 110 68 118 111
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CWE DGE 517 5 118 111 69 119 112 70
CWF DG F 18 5 6’. 71 113 65 72 11’.
CWE OGF 118 5 65 72 1i~. 66 73 115
CWED GF 218 5 66 73 115 67 7’. 116
CW FOGF 318 5 67 7’. 116 bB 75 117
CWEO G F 5 68 75 11? 69 76 118
CWF DGF 518 5 69 76 118 70 77 119
GR I D 120 1 3 . 0 0 0 0  0 . 0 0 0 0  5 .0 0 0 0  1 456
GRID 121 1 3 .0000  30.0000 5 .0000  1. ‘.56
GR ID 122 1 3 .0 0 0 0  60 .0000  5 . 0 0 0 0  1 ‘.56
G RI D 123 1 3 . 0 0 0 0  9 0 . 0 0 0 0  5 . 0 0 0 0  1 456
GR ID 124 1 3 .0 0 0 0 1 2 0 .0 0 0 0  5 . 0 0 0 0  1 456
GR ID 125 1 3 .0000 150 .0000  5 . 0 0 0 0  1 456
GRI D 126 1 3 . 0 0 0 0 1 8 0 . 0 0 0 0  5 .0 0 0 0  1 1.56
CWE OG E 19 5 120 113 71 121 114 72
CWEDG E 119 5 121 II I. 72 122 115 73
CWED G F 219 5 122 115 73 123 116 7.
CWE DG E 319 5 123 116 7’. 12’. ii? 75
CW EOG E 1.19 5 124 117 76 125 118 76
CWF D GE 51~ 5 125 118 76 125 119 77
CWED G E 20 5 71 78 123 72 79 121
C W E J G r  120 5 72 79 121 73 80 122
CI4~ D GE 220 5 73 8 0 122 7’. 81 123
CWE DG E 320 5 7’. 81 123 75 82 12’.
C W E D G ~ 1.20 5 75 82 12’. 76 83 125
CWE DG F 520 5 76 83 125 77 84 12o
GR I D  127 1 3 .2500  0 . 0 0 0 0  0 . 0 0 0 0  1 ..56
GR ID 128 1 3 .2 5 0 0  3 0 . 0 0 0 0  0 . 0 0 0 0  1 ‘.56
GR ID 129 1 3 .2500  6 0 . 0 0 0 0  0 . 0 0 0 0  1 456
G RID 130 1 3 .2500 9 0 .0 0 0 0  0 . 0 0 0 0  1 456
G~~ID 131 1 3 .2 5 0 0 1 2 0 . 0 0 0 0  0 . 0 0 0 0  1 1.56
GRID 132 1 3 . 2 50 0 15 0 .00 00  0 . 0 0 0 0  1 1.56
G R I D  133 1 3 .2500180 .0000  0 . 0 0 0 3  1 ‘.56
G RID 134 1 3 .4 0 0 0  0 .0 0 0 0  1.0 0 0 3  1 ‘.56
G~~I0 135 1 3 .4 0 0 0  30 .0000  1 . 0 0 0 0  1 1.56
G RID 136 1 3 .1 .000 6 0 . 0 0 0 0  1 . 000 0  1 456
G RID 137 1 3 .1.000 90 .00 00  1 .0000  1 ‘.56
GR ID 138 1 3 .4 0 0 0 1 2 0 . 0 0 00  1 .0003 1 456
G R I D  119 1 3 .4 0 0 0 15 0 .0 0 0 0  1 .0003  1 456
G R I D  11.0 1 3 .4 0 0 0 1 8 0 . 0 0 0 0  1 .0000  1 ‘.56
CWE DGF 21 5 13’. 127 85 135 128 86
CW EDG~ 121 5 135 128 86 136 129 87
CWF DGE 221 5 136 129 87 137 130 88
C W E D G E  321 5 137 130 88 138 131 89
CWEDGE 1.21 5 138 131 89 139 132 90
C W ~ D G E 521 5 139 132 90 11.0 133 91
C I ~ED GF 22 5 85 92 134 85 93 135
CWE DGF 122 5 86 93 135 8? 9~ 13~CW ~ OG~ 222 ‘5 87 9.. 136 88 95 137
CW FOGE 322 5 88 95 137 89 96 138
CWEDGE 422 5 89 96 138 90 97 139
CWE 0GC 522 5 90 97 139 91 98 11.0
GRI D 11.1 1 3 .5500  0 . C 0 0 0  2 . 0 0 0 0  1 1.56
GRID 11.2 1 3 .5500  3 0 . 0 0 0 0  2 . 0 0 0 0  1 1.56
G RID 1’.3 1 3 .5500 6 0 .0 0 0 0  2 . 0 0 0 0  1 456
GRID 144. 1 3.5500 9 0 . 0 0 0 0  2 . 0 0 0 0  1 ‘.56
G RID 11.5 1 3 . 5 5 0 0 1 2 0 . 0 0 0 0  2 . 0 0 0 0  1 ‘.56
GRID 11.6 1 3 . 5 5 0 0 15 0 .0 0 0 0  2 . 0 0 0 0  1 1.56
G R I D  11.7 1 3 .5 5 0 0 1 6 0 .0 0 0 0  2 . 0 0 0 0  1 456
CWE DG F 23 5 11.1 134 92 1’.2 135 91
CWE DG F 123 5 11.2 135 93 11.3 136 9’.
CwEDG ~ 223 5 11.3 136 9’. 1’.. 137 95
CW FDGE 323 5 1’.’. 137 95 1’.5 138 96
CWEOG F 423 5 145 138 96 11.6 139 97
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CWFOGF 523 5 146 139 97 147 140 93
CWEDGF 2. 5 92 99 141 93 100 142
CWEDGF 124 5 93 100 142 94 101 143
CWFDGF 22’. 5 9’ 101 11.3 95 102 14’.
CW EDG~ 32.. 5 95 102 14.. 96 103
CWF.DGF 1.21. 5 96 103 145 97 104 t’.ó
CWEDGFT 52’. 5 97 10’. 146 98 105 147
GRID 14~ 1 3.7000 0.0000 3.0000 1 456
GRID 143 1 3.7000 30.0000 3.0000 1 456
GRiD 150 1 3.7000 60.0000 3.0000 1 56
GRID 151 1 3.7000 90.0000 3.0000 1 456
GRID 15? 1 3.7000120.0000 3.0000 1 456
GRID 153 1 3 . 7 0 0 0 1 5 0 . 0 0 0 0  3 . 0 0 0 0  1 456
GRID 151. 1 3.7000180.0000 3.0000 1 456
CI4EOGF 25 5 148 141 93 149 142 100
CWEDGE 125 3 149 142 100 150 143 101
CWEDGE 225 5 150 143 101 151 11.4 102
CW EDG ~ 325 5 151 14g. 102 152 145 103
CWEDGF 42~ 5 152 1.45 103 153 146 tO..
CWEDGE 525 5 153 146 104 15’. II.? 103
CWFIGF 26 5 99 106 11.8 100 107 149
CW~ OG~ 126 3 100 1.07 1’.3 101 108 150
CWFDGF 22o 5 101 108 150 102 103 151
CWEDGF 32~ 102 109 151 103 110 152
CW~ OG5 42ó 103 110 152 10’. lii 153
CWFDGE 526 5 10’. 111 153 105 112 15’.
GRID 155 1 3.8500 0.0000 4.0000 1 ‘.56
GRID 156 1 3.8500 30.0000 (‘.0000 1 ‘.56
GRID 157 1 3.8500 60.0000 4.0000 1 ‘.56
G~ IG 158 1 3.8500 90.0000 4.0000 1 ‘.56
GRID 153 1 3.3500120.0000 4.0003 1 ..56
G~~I~ 160 1 3.8500150.0000 4.0000 1 ‘.56
GRID 161. 1 3.8500180.0000 ...0000 1 1.56
CWEDGF 27 5 155 11.8 106 156 11.9 107
CwEDGE 127 5 156 149 107 157 150 108
CWEOG ~ 22 7 5 157 150 103 158 151. 109
CWEDGE 327 5 158 151 103 159 152 1.10
CWFDGS ‘.27 5 153 152 110 160 153 111
CWEDG~ 527 5 160 153 111 161 15.. 112
CWEDGF 29 3 106 113 155 107 11’. 156
CwEDG~ 12~ 5 107 11.. 1.56 108 115 1.57
CWEDG F 223 5 108 115 157 109 116 158
CWEr1 G~ 323 5 109 116 158 110 117 153
CWFDG~ ‘.28 5 110 117 159 111 118 160
CWFD GF 529 5 111 118 160 112 119 161
CR 11) 16? 1. 4.0000 0.0000 5.0000 1 456
GRID 163 1. 4.0000 30.0000 5.0000 1 456
GRID lB.. 1. 4.0000 60.0000 5.0000 1 ..56
G~~ID 163 1 4.0000 90.0000 5.0000 1 ..56
GRID 1.66 1 4.0000120.0000 5.0000 1 456
GRID 167 1. 4.0000150.0000 5.000) 1 456
GRID 168 1. (‘.0000180.0000 5.0000 1 456
CWF.DG F 23 5 162 155 113 163 156 11..
CW FPGE 129 5 163 156 11’. 1.6’. 157 115
CWF1)GF~ 22 3 5 161. 157 115 165 158 116
C W EDG~ 323 5 165 158 116 166 159 117
CWE IGE 42 3 5 1.06 159 117 167 160 118
CW E DG~ 52~3 5 167 1.60 118 168 161 119
CWFDG ! 30 5 113 120 162 114 121 163
C~~FOGF 131’ 5 11’. 121 163 115 122 16..
CWEDGF 23~ 5 115 122 16.. 116 123 165
ChEDGF 330 5 116 123 165 11? 12’. 166

• C w r n G F  4 30 5 117 12’. 166 118 125 167
CWFD G F 53 1 5 11.8 125 167 119 126 168

~~
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GRID 159 1 4 . 0 0 0 0  0 .0000  0 . 0 0 0 0  1 456
GRID 170 1 4.0000 30.0000 0.0000 1 1.56
GRID 171 1 4 .0000  60 .0000  0 . 0 0 0 0  1 456
GRID 172 1 4.0000 90.0000 0.0000 1 456
GQID 173 1 4 .0000120 .0000 0 .0000  1 456
CR10 174 1 4 . 0000150 .0000  0 .0000  1 456
GRID 175 1 4 .00001 80 .0000  0 .0000  1 1.56
GRID 176 1 4 .2000 0 .0000 1.0000 1 456
GRID 177 1 4.2000 30.0000 1.0000 1 456
GRIt) 178 1 4.2000 60.0000 1.0000 1 1.56
GRID 179 1 4.2000 90.0000 1.0000 1 456
GRID 180 1 4 .2000 120.0000 1.0000 1 1.56
GRID 161 1 4 .2000150.0000 1.0000 1 ‘.56
GRID 182 1 4 .2000180.0000 1.0000 1 456
CWE OGE 31 5 176 169 127 177 170 128
CWEDGF 131. 5 177 170 128 178 171 129
C W FDG~ 231 5 178 171 129 179 172 130
C WFDGE 331 5 179 172 130 180 173 131
CWE DG~ 431 5 180 173 131 181 174 13?
CWED GE 531 5 181 174 132 182 175 133
CWFDGF 32 5 127 131. 176 128 135 177
CWEDGE 132 5 128 135 177 129 136 178
CWE OG E 232 5 129 136 178 130 137 179
CWED GF 332 5 130 137 179 131 138 180
CWE DGF 432 5 131 138 180 132 139 181
CW EDG~ 532 5 132 139 181 133 140 182
GRID 183 1 4.4000 0.0000 2.0000 1 1.56
GR ID 16.. 1 4 .4003 30.0000 2 .0000 1 1.56
GRID 185 1 4 .4 000 60 .0000  2 .000 0 1 1.56
GRID 186 1 4.4000 90.0000 2.000u 1 456
GRID 187 1 4.4000120.0000 2.0000 1 456
GRID 188 1 4.’.000150.0000 2.0000 1 456
GRID 189 1 4 . 1.000180.0000 2.0000 1 456
CWEDGF 33 5 183 176 13g. 18’. 177 135
CWED GF 133 5 184 177 135 185 178 136
CWE DG E 233 5 185 178 136 186 179 137
CWEDGE 333 5 186 179 137 187 180 139
CWE OGE 433 5 187 180 138 188 181 139
CWED G E 533 5 188 181 139 189 182 t’.0
CWEDGF 3’. 5 134 141 183 135 142 184
CW EDG~ 134 5 135 142 184 136 143 185
C WEDGE 234 5 136 143 185 13? 14’. 186
C W EDGE 334 5 137 144 186 138 145 187
CW FDG E 434 5 138 11.5 187 139 146 188
C WEDGE 53’. 5 139 146 188 11.0 147 189
GRID 190 1 4.6000 0.0000 3.0000 1 ‘.56
GRID 191 1 4.6000 30 .0000  3 .0000  1 456
GRID 192 1 4.6000 60.0000 3.0000 1 ‘.56
GRID 193 1 4.6000 90.0000 3.0000 1 456
GRID 19’. 1 4.6000 120.0000 3 .0000  1 456
GRID 195 1 4 .6000 150.0000 3 .0000  1 ‘.56
GRID 196 1 4.6000 180.0000 3.0000 1 ‘.56
CWEDGE 35 5 190 183 11.1 191 184 142
CWE DGE 135 5 191 181. 142 192 185 143
CWEDGE 235 5 192 185 143 193 186 1’.’.
CWF DG F 335 5 193 186 144 191. 187 145
CW~0GE 435 5 19’. 187 11.5 195 188 11.6
CWFD G E 535 5 195 188 146 196 189 11.7
CWEDGE 36 5 141 148 190 1.2 149 191
CWEDGF 136 5 142 149 191 1’.3 150 192
CW FDG~ 236 5 143 150 192 1’.’. 151 153
CW EOGE 336 5 14’. 151 193 14 5 152 19’.
CWEDG F 436 5 145 152 19’. 146 153 195
CWED GF 536 5 146 153 195 1..? 154 196
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GRID 197 1 4 .8000 0.0000 4 .0000 1 456
GRID 198 1 4.8000 30 .0000 4.0000 1 456
GRID 199 1 4 .8000  60.0000 4 .000 0 1 456
GRID 200 1 4.8000 90.0000 4.0000 1 456
GRID 201 1 4.8000120.0000 4.0000 1 ‘.56
GRID 202 1 4 .8000150.0000 4 .0000 1 456
GRID 203 1 4.8000180.0000 4.0000 1 ‘.56
CW ~ DGF~ 37 5 197 190 148 198 191 149
CWFDGE 137 5 198 191 149 199 192 150

• CWEDGE 237 5 199 192 150 200 193 151
CWFDGE 337 5 200 193 151 201 194 152
CWE0G~ 437 5 201 194 152 202 195 153
CWFDGE 537 5 202 195 153 203 196 154
CIIIEDGE 38 5 148 155 197 11.9 156 198
CWE DG E 138 5 149 156 198 150 157 199
CUEDGE 238 5 150 157 199 151 158 200
CWEDGE 338 5 151 158 200 152 159 201
CWEDGE 438 5 152 159 201 153 160 202
CWEOGE 538 5 153 160 202 15’. 161 203
GRID 204 1 5 .0000  0.0000 5 .0000  1 ‘.56
GRID 205 1 5 .0000  30.0000 5 .0000 1 ‘.56
GRID 206 1 5.0000 60.0000 5.0000 1 456
GR ID 207 1 5 .0000  90 .0000  5 .0000  1 456
GRID 208 1 5 .0000120 .0000  5 .0000 1 456
GR ID 209 1 5 .0000150 .0000  5.0000 1 456
GRID 210 1 5 .0000180 .0000  5 .0000  1 4 56
CWEDGE 39 5 204 197 155 205 198 156
CWE DG E 139 5 205 198 1.56 206 199 157
CWEDGE 239 5 206 199 157 207 200 158
CWED GF 339 5 207 200 158 208 201 159
CWED G E 1.39 5 208 201 159 209 202 160
CW ED GE 539 5 209 202 160 210 203 161
CWEOGF 1.0 5 155 162 204 156 163 205
CUEDGE 140 5 156 163 205 157 16’. 206
CWEDGE 240 5 157 164 206 158 165 207
CWEDGF 340 5 158 165 207 159 166 208
CWFDGE 440 5 159 166 206 160 167 209
CWE DGE 51.0 5 160 167 209 161 168 210

I

B—2 9/B—30

I
~rI~ t-~ ~~~‘-‘=~~~-~~~—~~~~~~~~~~~ ~~~

--
~~~~~ 

-. ~~~~~~~ ~ —



NSWC/WOL TR 77-85

PROBLEM B-Il

VARIABLE CROSS-SECTIONS

This problem demonstrates the variable cross—section feature

of JIG and its use with the 3—D solid wedge elements. Figures B—12

and B—13 show the configuration and the planned finite element model

used in representing a bayonet joint. To develop the finite element

model the joint was broken into two sections. Section A the female

and Section B the male part. The I—J mesh used in defining each

section is shown in Figures B—14 and 8—15 . A complete listing of

the data input for each section is shown in Figures B—l6 and B—li.

Figures B—18 through B—21 show the grid point and element identi—

fication numbers as generated by JIG. Figures B—22 through B—25

gives a structural plot of the finite element model and is followed

by a listing of the JIG punched output.
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SAMPLE 2
1

2

3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/~~~~i~~T ’

~~~~ 15° 

~~~~~~ ~~~~~

6

7
8

FIG. 8-13 PLANNED FINITE ELEMENT MODEL AND CONFIGURATION
OF A BAYONET JOINT.
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-

~

*** SA~1PL~ 7 — ~ AY O NFT JOT~’T, SECTION A ***
7 1 1 ~ 10 (~ I
1 1

0. 0 o .r’
5 1 ~~~‘

1 0.0 2 15.0 4 75.0 5 105.0 7 165.0
8 180.0

0.0 15.0 75.0  10 5.0 165.0 180.0

~ s i s ~
1 5
6 1 c 1 5 0 0 0 1 2 456  0
1 ~ 0.0 1. 5 1 4 ~ ~.0 1.5 1
4 3~ r1 1.0 1 5 4.0 1.0 1
5 5 4. ’~ 2.0 1 1 ~ 0.0 2.0 1
6 1 3 1 3 0 0 0 1 1 456 0
1 1 4~~l 1.0 1 3 1 5.0 1.0 1
3 3 5.0 1.5 1 2 3 4 .5 1.5 1
2 2 4 .~ 1.25 1 1 2 4.0 1.25 1

FIG. 8.16 DATA INPUT PROBLEM 8.11— SECTION A BAYONET JOiNT.
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*** SAMPLF 2 — ~~A y 0 N F T  J~~T N T , cEC T IO N B
1 2 01 ?5~ ‘ 1(~ 0 1 5

0.0
5 1 3(1

2 ~~~~ 4 75.0 5 105.0 7 165.0
8 1~~0. 0

7~~• 0 ~~~~~ 165 .0 I RO .0
1 4 7 4 1 4 2 4
1 4
6 1 4 1 6 o 0 0 1 1 4 56 0

1 1 4 .’ 1.25 1 2 1 4.5 1.25 1
2 2 4.5 1.5 1 6 2 8.0 1.5 1
6 4 ~~ 7.0 1 1 4 4.0 2.0 1

FIG. 8.17 DATA INPUT PROBLEM B-Il — SECTION B BAYONET JOINT.
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XX GRIDPOINTS AT O°
(XX) GRIDPOINTS AT 15°

ELEMENT NUMBERS FOR 9 = 00 _ 15° SECTOR

//3 /29 /3 7

~~~~~~~~~~~~~ ~~~~
) 

_ _ _

(14-) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~
--—-

~~~ T ~‘5(~) 
B5j 5~-) -

C4~) 
______________

(
~) (io)  (

~ 4) (~~i)

FIG. 8.18 GRID POINT AND ELEMENT NUMBERS . 00 _ 15° SECTOR
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XX GRID POINTS AT 15°
(XX ) GRID POINTS AT45°

ELEMENT NUMBERS 9 = 15° — 45° SECTOR

114

-~----(!
~i::i~ 

_~~~~—~~~~
---;;

~ —
49 

~~~~~~~7~) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 .  ~2.(, 
~
,) (43) (�7) (9~7 j~. )

FIG. 8-19 GRID POINT AND ELEMENT NUMBERS 15° TO 45° SECTOR
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XX GRID POINTS AT O°
(X X) GRIDPOINTS AT 15°

ELEMENT NUMBERS FOR 9 -0° — 15° SECTOR

~~~~

~~34-) (2+2) (25o) (2~~)

ZO7
(2. t)

FIG. 8-20 GRID POINT AND ELEMENT NUMBERS 0° TO 15° SECTOR
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XX GRID POINTS AT 15°
(XX) GRID POINTS AT 45°

ELEMENT NUMBERS FOR 9- 15° — 45° SECTOR

33’~;~~) ~2?8 (33~) 344 ( 7) 3 4~

25o
(i ‘1) (-n.i) (24 ~ 3) (2 

~~ ~ 
1)

FIG. 8.21 GRID POINT AND ELEMENT NUMBERS 15° TO 45° SECTOR

B- 141

—~~ ~~~~~~~~~~~~~~~~ - ___ --i --- ~~~~~~~~~~~~~~~~~~~~~ - --—--- ~~.



- -
~~~~F - - —-

~
-— -—-j- --- - .‘-.- - -

~~-—- ---—--- .-- - ---—
~
-,-- 

~
,.—,—— —

NSWC/WOL 1K 77—85

/

1~~~

~TIi~~~~~~~~~~~~~~~

’

~~

FIG. 8-22 NASTRAN STRUCTURAL PLOT. END VIEW . SECTION A
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FIG. 8-23 NASTRAN STRUCTURAL PLOT - ROTATED VIEW - SECTION A
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBL EM B-Il VARIABLE CROSS SECTION SECTION A

‘ JUNCTI ON INPUT GEN ERA T 3 R PROGRAM (JIG) ~~3. .3

•‘ SAMPLE 2 — BAYONET JOINT, SECTION A ~~~~

NST : 2
NGS~~ 1

1
NPOP 3
MID 10
NGP : 0
IDELT = I
NSECT 5
NT( 1) = 1 OEL.TZ ( 1) 0.0000

~lT( 2) = I DELTZ ( 2) 0 .OCOO
NOT~~
ICLOSE 1
DELGP = 30
KK ( 1) = 1 T H ET A (  1) = 0 .C 000
KK ( 2) 2 THETA( 2) 15.0000
KK ( 3) = 4 THFT A (  3) = 75.0000

4) = 5 TH ET A (  4) 105.0000
KK ( 5) = 7 TI4ETA ( 5) 165.0000
KK ( ~) = B THETA ( 6) 180.0000
SETA( 1) 0.0000
BETA ( 2) = 15.0000
BETA ( 3) = 75 .0000
S ETA (  4.) 105.0000
q FT A (  5)  = 165.0000
qETA ( €.) = 180.0000
JB( 1) 1 JE( j )  = 5
JB( 2) : 3 J E( 2) 5
J B ( 3) 1 J EI 3) = 5
J9( ) = J F( ‘.) = 5
JB( 5) = I JE ( 5) = 5
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• I J Z(I,J) ~(I,J) COOI (I,J)

‘. 1 3.00000 1.00000 1
5 1 ~..00000 1.00000 1
4 2 3.00000 1.25000 1
5 2 ‘ . .0i10 00 1 .25000 1
I 3 0.00000 1.50000 1
2 3 1.00000 1.50000 1
3 3 2.00000 1.50000 1
1. 3 3 . 0 0 0 0 0  1.50000 1
5 3 ..00000 1.50000 1
1 ‘. 0.00000 1.75000 1
2 I. 1.00000 1.75000 0
3 4. 2 .00000  1.75001 0
4 ‘ 3.00002  1.75002 0
5 I, 4.00000 1.75000 I
1 5 0.00000 2.00000 1
2 5 1.00000 2.00000 1
3 5 2 .00000  2 .00000  1
1. 5 3 . 0 0 00 0  2 .0 0 0 0 0  1
5 5 ..00000 2.00000 1

‘1Q10 1 1 1.0000 0.0000 3.0000 1 456
GRID 2 1 1.0000 15.0000 3.0000 1 ‘.56
GRID 4 1 1.0000 75.0000 3.0000 1. 456
GRID 5 1 1.0000105.0000 3.0000 1 ‘.56
GRID 7 1 1.0000165.0000 3.0000 1 ~56GRID 8 1 1.0000180.0000 3.0000 1 1.56
GRID 9 1 1.0000 0.0000 4.0000 1 1.56
GRID 11 1 1.0000 15.0000 4.0000 1 1.56
GRID 12 1. 1.0000 75.0000 4.0000 1. 4.55
GRID 13 1 I.0000105.0000 4.0000 1 1.56
GRID 15 1 1.0000165.0000 4.0000 1 456
GRID 16 1 1.0000180.0000 4.0000 1 456
GRID 17 I 1.2500 0 . 0 0 0 0  3 .0 0 0 0  1 456
GRID Ic~ 1. 1.2500 15.0000 3 . 0 0 0 0  1 456
GRID 23 1 1.2500 75 . 0000  3 .0000  1 ‘.56
GRID 21 1. 1.2500105.0000 3 .000 3 1 1.5€.
GRID 23 1 1.2500165.0000 3.0000 1 456
GRID 2’. 1 1.2500180.0000 3.0000 1 455
GRID 25 1 1.2500 0.0000 4.0000 1 456
GRID 26 1 1.2500 15.0000 4.0000 1 456
G~ ID 28 1 1.2500 75.0000 4.0000 1 455
G°I0 29 I 1.2500105.0000 4.0000 1 456
GRID 31 1. 1.2500165.0000 4.0000 1 456
GRID 32 1 1 .2500180 .0000  4 . 0 0 0 0  1 1.56
CWEOGE 1 10 25 17 1 26 18 2
C~4 EDG F 91 10 28 20 4. 29 21 5

~W EDG E 1~ 1 10 31 23 7 32 24 8
CW EUGF 2 10 1 9 25 2 10 26
CWEDGE 92 10 1. 12 28 5 13 29
CWFI1GE 182 10 7 15 31. B 16 32
GRIO 33 1 1.5000 0.0000 0.0000 1 456
GRID 34 1 1.5000 15.0000 0.0000 1 456
GRID 35 1 1.5000 45.0000 0.0001 1 ..56
GRID 36 1 1.5000 75.0000 0.0000 1 1.56
GRID 37 1 1 .5000105 .0000  0 . 0 0 0 0  1 ‘.56
GRID 3’S 1 1.5000135.0000 0.0000 1 456

• GRID 39 1 1.5000165.0000 0.0000 1 1.56
GRID 40 1 1.50001.80.0000 0 .0 0 0 0  1 456
GRID 41 1. 1.5000 0.0000 1.0000 1 ‘.56

• B-14 5
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CR10 42 1 1.5000 15 .0000 1.0000 1 ‘.56
GR ID 43 1 1.5000 45.0000 1.0000 1 4.56
GRID 4*. 1 1.5000 75.0000 1.0000 1 456
GRID 45 1 1.5000105.0000 1.0000 1 456
GRID 46 1 1.5000135.0000 1.0000 1 456
GRID 47 1 1.5000165.0000 1.0000 1 456
GRID 48 1. 1.5000180.0000 1.0000 1 C55
GRID 49 1 1.5000 0 .0000 2 .0000  1 1.56
GRID 50 1 1.5000 15.0000 2.0000 1 456

• GRID 51 1 1.5000 1.5.0000 2 .0000  1 456
• GRID 52 1 1.5000 75.0000 2.0000 1 456
• GRID 53 1 t.5000105.0000 2.0000 1 ‘.56

GRID 54 1 1.5000135.0000 2.0000 1 1.56
GRID 55 1 1.5000165 .0000 2 .0000  1 ‘.56
GR ID 56 1 1.5000180.0000 2 .0 0 03  1 1.56
GRID 57 I 1.5000 0 .0000 3 .0000  1 456• GR ID 58 1 1.5000 15.0000 3 .0000  1 456

• GRID 59 1 1.5000 1.5.0000 3 .000 3  1 455
GRID 60 1 1.5000 75 .0000 3 .0000  1 456
GRID 61. 1 1.5000105.0000 3.0000 1 456
GRID 62 1 1.5000135.0000 3 .0000 1 ‘.56
GRID 63 1 1.5000165.0000 3.0000 1 456

• GRID 6’. 1 1.5000180.0000 3.0000 1 456
• GR ID 65 1 1.500*) 0 .0000 4 .0000  1 456

GRID 66 1 1.5000 15.0000 4 . 0 0 0 0  1 456
GR ID 67 1 1.5000 45.00 00 4 .0000 1 456
GR ID 68 1 1.5000 75 .0000 4 .0000  1 ‘+56
GRID 69 1 1.5000105.0000 4 . 0 00 0  1 456
GRID 70 1 1.5000135.0000 4.0000 1 456
GRID 71 1 t .5000165 .0000 4 . 0000  1 456
GRID 72 1 1.50001.80.0000 4 .0000  1 456
CWED GE 3 10 65 57 17 66 58 18
CWEOGE 93 10 68 50 20 69 61 21
CWE DG E 183 10 71 63 23 72 6’. 2’.
CNEDGE 4 10 17 25 65 18 26 65
CIPIEDGE 91. 10 20 28 68 21 29 69
CWFOGE 18’. 10 23 31 71 2’. 3. 72
G R D  73 1 1.7 500 0 .0000 0.0000 1 1.56

• GRID 7’. 1 1.7500 15.0000 0.0000 1 ‘.56
GRID 75 1 1.7500 45.0000 0.0000 I 4.56
GRID 76 1 1.7500 75.0000 0.0000 1 456
GRID 77 1 1.7500105.0000 0 .0000  1 456
GRID 78 1 1.7500135.0000 0.0000 1 1.56
GRID 79 1 1.7500165.0000 0.0000 1 456
GRID 80 1 1.7500180.0000 0.0000 1 456
GRID 81 1 1.7500 0 . 0 0 0 0  1.0000 1 456
GRID 82 1 1.7500 15.0000 1 .0000  1 4.56
CR10 83 1 1.7500 4 5 . 0 0 0 0  1.0000 1 1.56
GRID 81. 1 1.7500 75 .0000  1.0000 1 1.56
GRID 85 1. t.?500105.0000 1.0000 1 1.56
GRID 86 1 1.7500135.0000 1.0000 1 456
GRID 87 1 1.7500165.0000 1.0000 1 1.56
GRID 88 1 1.7500180.0000 1.0000 1 456
CWEDGE 5 10 81 73 33 82 74 3*
CWEDGF 35 10 82 7’. 34 83 75 35
CWEDGE 65 10 83 75 35 8’. 76 36
CWEDGF 95 10 8’. 76 36 85 77 37
CWEOGE 125 10 85 17 37 86 78 38
CWEDGE 155 10 86 78 38 87 79 3:
CWEDGE 185 10 87 79 39 88 80 ‘.0
CW FDGF 6 10 33 41 81 3’. 42 82
CWEDGE 36 10 3*. 42 82 35 43 83
CW EDGE 66 10 35 43 83 35 4’. 5’.
CWEDGE 96 10 36 4’. 8.. 37 1.5 55
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CWFDGF 126 10 37 ‘.5 85 38 46 
• 

86
CWE0G~ 156 10 38 ‘+6 86 39 47 87
CWEDGF 185 tO 39 1.7 87 1.0 ‘.8 88
CR10 89  1. 1.7500 0 . 0 0 0 0  2 . 0 0 0 0  1 ‘.56
GRID 90 1 1.7500 15.0000 2 .0 0 0 0  1 4.56
GRID 91. 1 1.7500 ‘+5.0000 2.0000 1 4.56
GRID 92 1 1.7500 75 .0000  2 .0 0 0 0  1 456
GRID 93 1 1.7500 105 .0000  2 .0000  1 1.56
GRID 9.. 1 1.7500135.0000 2.0000 1 456
GRID 95 1 I.7500165.0000 2.0000 1 1.56
GRID 96 1 1 .7500180 .0000  2 . 0 0 0 0  1 456
CW E DG F 7 113 89 81 41 90 82 1.2
CWEDG ~ 37 10 90 82 42 91 83 ‘+3
CWEDGE 67 10 91 83 43 92 84. ‘.4.
CWEDGE 97 10 92 84 4.. 85 ‘+5
CWEDGF 127 tO 93 85 -.5 9’. 86 ‘.6
CWEO G F 157 10 9’. 86 46 95 87 1.7
CWEDGE 187 10 95 87 47 96 88 ‘.8
CWEDGE ‘S 10 ‘.1 49 89 42 50 30
CW F DG E 38 10 4.2 50 90 ‘.3 51 91
CW FD G~ 58 10 43 51 31 4’. 52 92
CWEDGE 98 10 4’. 52 92 ‘.5 53 93
CWE DGF 12’~* 10 45 53 93 46 5’. 9’.
CWEOGE 158 10 ‘.6 54. 9’. 47 55 95
CW E0G ~ 188 10 47 55 95 ‘.8 56 96
GRID 97 1 1 .7500  0 . 0 0 0 0  3 .0 0 0 0  1 ‘.56
GRID 93 1 1.7500 15.0000 3.0000 1 456
GRID 99 1 1.7500 ‘ .5 .0000  3 .0 0 0 0  1 45b
GRID 100 1. 1.7500 75.0000 3.0300 1 ‘.56
CR1 ’)  101 1 1 .7500105.0000  3 . 0 0 0 0  1 456
GRID 102 1 1.7500135.0000 3.0000 1 1.56
GRID 103 1 1.7500165.0000 3.0003 1 456
G’ 10 10.. 1 ,j.7500180.0000 3.0000 1 4.56
CWE~1GE 9 10 

• 
97 89 98 90 50

CwFDG~ 39 10 98 90 50 99 91 51
CWEOGF 69 10 99 91 51 100 92 52
C,PIFDGF 9-3 10 100 92 52 1.01 93 53
CWE DG E 123 10 101 93 53 102 9’. 5..
CW EDG F 159 10 102 9’. 5*, 103 95 55
CWE DGE 189 10 103 95 55 10’. 96 56
CWE’)GE 10 10 ‘.9 57 97 50 58 98
CIPIEDGE 40 10 50 58 93 51 59 99
CWEDGr 70 10 51 59 99 52 60 105
CWEDGE 101 10 52 60 • 100 53 61 101
CWEDGF 130 10 53 61 101 5’. 62 102
CW EO GE 160 10 54 62 102 55 53 103
CW EDG F 190 10 55 63 103 56 64 10’.
GRID 105 1 1.7500 0.0000 4.0000 1 456
GRID 106 1 1.7500 15.0000 4.0000 1 456
GRID 107 1 1.7500 45 .0000 4 . 0000  1 ‘.56
GRID 108 1 1.7500 75.0000 4.0000 1 1.56
GRID 109 1 1.7500105.0000 4 .0000 1 ‘.56
GR ID 110 1 1.7500135.0000 ‘+ .0 000  1 456
GRID 111 1. 1.7500165.0000 ‘+.0000 1 456
G’~ID 112 1 1.7500180.0000 4.0000 1 ‘.56
C W EUG~ 11 10 105 97 57 106 98 58
CWEDGF 41 10 106 98 58 107 99 59
CWEDGF 71 10 107 99 59 108 100 60
CWEDGE 101 10 108 100 60 109 101 61
CWEOGF 131 10 109 101 61 110 102 62
CWEDGF 161 10 110 102 62 111 103 63
CWEOGF 191. 10 111 103 63 112 104 6’.
CW EDG F 12 10 57 65 105 58 66 106

• CW EO GE ‘+2 10 58 66 106 59 67 107
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CWEDGF 72 10 59 67 10? 60 68 108
CWEDGE 102 10 60 68 108 61 69 109
CWEDGE 1.32 10 61 69 109 62 70 110
CWEDGE 162 10 62 70 1.10 63 71 111
CNEDGF 192 10 63 71 111 64 72 112
GRID 11.3 1 2.0000 0.0000 0.0000 1 1.56
GRID 11’. 1. 2.0000 15.0000 0.0000 1 456
GR ID 115 1 2 .0000  4 5.0000 0 .0000  1 456
GR ID 116 1 2 .0000  75 .0000  0 .0 0 0 0  1 456
GRID 117 1 2.0000105.0000 0 .0000  1 ‘.56
GRID 118 1 2 .0000135 .0000  0 .0000  1 456
GR ID 119 1 2 .00001 55 .0000  0 .0000  1 456
GRID 1.20 1. 2.0000 180.0000 0 .0300 1 ‘.56
GRID 121 1 2.0000 0.0000 1.0000 1 4.56
GRID 122 1 2 .0000  15.0000 1.0000 1 456
GRID 123 1 2.0000 45.0000 1.0000 1 4.56
GRID 12’. 1 2.0000 75.0000 1.0000 1 456
GRID 125 1 2.0000105.0000 1.0000 1 4.56
GRID 126 1 2.0000135.0000 1.0000 1 455
GRID 127 1 2.0000165.0000 1.0000 1 ‘+56
GRID 128 1 2.0000180.0000 1.0000 1 ‘.56
CWEDGE 13 10 121 113 73 122 11.. 7..
CWFDGF 43 10 122 114 7~. 123 115 75
CUEDGE 73 10 123 115 75 124. 118 7~CW EOGE 103 10 121. 116 76 125 117 77
CWFOGF 133 10 125 117 77 126 118 78
CWEDGF 163 tO 126 118 78 127 119 79
CWEOGE 193 10 127 119 79 128 120 80
CWEDGF 14 10 73 81 121 74 82 12?
CWEDGE 41. 10 74 82 122 75 83 123
CWEDGE 74 10 75 83 123 75 8’. 12’.
CWEDGE 10’. 10 76 84 12’. 77 85 125
CWFOGE 134 10 77 85 125 7’S 86 126
CWFOGE 16’. 10 78 85 126 79 87 127
CWEDGF 19’. 10 79 87 127 80 88 128
GRID 123 1 2.0000 0.0000 2.0000 1 456
GRID 130 1 2.0000 15.0000 ~ .000O 1 456
GRID 1.31 1 2.0000 45.0000 2.0000 1 456
GRID 132 1 2 . 0 0 0 0  75 .0000  2 . 0 0 0 0  1 ‘.56
GRID 133 1 2.0000105.0000 2.0000 1 ‘.56
GRID 134 1 2.0000135.0000 2.0000 1 456
GRID 135 1 2.0000165.0000 2.0000 1 1.56
GRID 136 1. 2.0000t80.0000 2.0000 1 4.56
CWEDGF 15 10 129 121 81 130 122 82
CWEDGE 45 10 130 122 82 131 123 83
CWEDGE 75 10 131 123 83 132 124 8’.
CW EDGE 105 10 132 12’. 8.. 133 125 85
CWEDGE 135 10 133 125 85 134 1.26 86
CWEDGE 165 10 13’. 126 85 135 127 87
CWEDGE 195 10 135 127 87 136 128 88
CWEDGE 16 10 81 89 129 82 90 130
CWFOGE ‘.6 10 82 90 130 03 91 131
CWFDGE 75 10 83 91 131 84 92 132
CWEDGF 106 10 84 92 132 85 93 133
CWEOGE 136 10 85 93 133 86 9~. 1.3’.
CWEOGF 166 10 86 9’. 134 87 95 135
CWEDGE 195 10 87 95 135 88 96 136
GRID 137 1 2.0000 0.0000 3.0000 1 456
GRID 138 1 2.0000 15.0000 3.0000 I ‘#56
GRID 139 1 2 .0000 4 5 .0000 3 .0 0 0 0  1. 456
GRID 140 1. 2.0000 75.0000 3.0000 1 4.56
G RID 141 1 2 .0000105 .0000  3.0000 1 ‘.56
GRID 142 1 2 .0000135 .0000  3 .0000  1 ‘.56
GRID 143 1 2 .0 0 U01 6 5 .000O 3 .0000 1 ‘.56
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NSWC/WOL TR 77—86

GRID 14’. 1 2 .0000 180.0000 3.0000 1 456
CWEOGE 17 10 137 129 89 138 130 90
CNEDGF 47 10 138 130 90 139 131 91
CWEDG E 77 10 139 131 91 11.0 132 92
CWEDGE 107 10 11.0 132 92 141 133 93
CWFDGE 137 10 141 133 93 142 134 91.
CWEDGE 16? 10 142 134 9’. 143 135 95
CWEDGE 197 tO 143 135 95 144. 136 96
CWFOGF 18 10 89 97 137 90 98 138
CWEDt,~ 48 10 90 98 138 91 99 139
CWFDGF 78 10 91 99 133 92 100 140
CWFDGF 108 10 92 100 140 93 101 1.41
CWEOGF 138 10 93 101 141 9’. 102 142
CWEDGF 168 10 94 102 ~.‘.2 95 103 1’.3
CWEOGE 198 10 95 103 143 96 10’. 14’.
GRID 145 1 2.0000 0.0000 4.0000 1 456
GRID 1’.5 1 2.0000 15.0000 4.0000 1 456
GRIfl 1’.7 I 2.0000 45.0000 4.0000 1 456
GRID 148 1 2.0000 75.0000 4.0000 1 4.56
GRID 149 I 2.0000105.0000 4.0000 I ‘.56
GRID 150 1 2 .0000135 .0000  4 . 0000  1 456
GRID 151 1 2 .0000165 .0000  4 . 0000  1 4.56
GRID 152 1 2.0000180.0000 4.0000 1 456
CWEOGE 19 10 145 137 97 146 138 98
CWFDGF ‘.9 10 146 138 95 1’.7 139 39
CWFOGE 79 10 147 139 99 148 140 100
CWEOGF 109 10 11.8 140 100 149 141 101
CWEDGE 139 10 149 11.1 101 150 142 102
C WEOGE 169 10 150 11.2 102 151 143 103
CWEOGE 199 10 151 11.3 103 152 141k 10’.
CWFt’GF 20 10 97 105 14.5 98 106 146
CWEDGE 50 10 98 106 146 99 107 147
CWEDGF 80 10 99 lOT 147 100 108 145
CWEOGE 110 10 100 108 148 101 109 149
CWEDGE 140 10 101 109 149 102 110 150
CWEDGE 170 10 102 110 150 103 111 151
CWEDGE 230 10 103 111 151 104 112 152

I J Z(I,J) X (I,J) CODE (I,J)

1 1 *e.00000 1.00000 1
2 1 4 .50000  1.00000 1
3 1 5.00000 1.00000 1
1 2 ‘..00000 1.25000 1
2 2 4.50000 1.25000 1
3 2 5 .0 0000  1.25000 1
2 3 4 .50000 1.50000 1
3 3 5.00000 1.50030 1

G R I D  153 1 1.0000 0.0000 4.5000 1 456
GRID 154 1 1.0000 15.0000 4.5000 1 456
GRID 156 1 1.0000 75.0000 4.5000 1 456
GRID 157 I 1.0000105.0000 4.5000 1 456
GRID 159 1 1.0000165.0000 4.5000 1 456
GRID 160 1 1.0000180.0000 4.5000 1 ‘+56
GRID 161 1 1.0000 0.0000 5.0300 1 456
GRID 162 1 1.0000 15.0000 5.0000 1 1.56
GRID 164 1 1.0000 75.0000 5.0000 I 456
GRID 165 1 1.0000105.0000 5 .0000  1 456
GR ID 167 1 I .0000165.0000 5 .0000  1 ‘.56
G~ ID 168 1 I.0000180.0000 5.0000 1 456
GRID 169 1 1.2500 0 .0000  4 . 5000  1 1.56
GRID 171) 1. 1.2500 15.0000 4.5000 1 456
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NSWC/WOL TR 77—86

GRID 172 1 1.2500 75 .0000 4.5000 1 456
GRID 173 1 1.250010 5 .0000 4.5000 1 456
GRID 175 1 1.2500165.0000 4.5000 1 456
GR ID 176 1 1.2500180.0000 4.5000 1 456
CWEDG E 21 10 169 25 9 170 26 10
CW EOG E 111 10 172 28 12 173 29 13
CWEOG E 201 10 175 31 15 176 32 16
CW EOG E 22 10 9 153 169 10 154 170
CW EDG E 112 10 12 156 172 13 157 173
CW EDGE 202 10 15 159 175 16 160 176
GRID 17? 1 1.2500 0 .0000 5 .0000  1 1+56
GR ID 178 1 1.2500 15.0000 5.0000 1 ‘.56
GR ID 1.80 1 1.2500 75.0000 5.0000 1 456
GRID 181 1 t .2 500105 .0000 5 .0000  1 ‘.56
GRID 183 1 I.25001 65 .O OQ O 5 .0000 1 456
GR ID 18’. I 1.2500 160 .0000 5 .0000 1 456
CW EDGE 23 10 177 169 153 178 170 15’.
CWEDGE 113 10 180 172 156 181 173 157
CW EDGF 203 10 183 175 159 184 176 160
CWE DG E 24 10 153 161 177 154 162 178
CWED GF 114 10 156 164 180 157 165 181
CW EDGE 204 10 159 167 183 160 168 184.
GRID 185 1 1.5000 0 .0000 4.5000 1 456
GR ID 186 1 1.5000 15.0000 4 .5000 1 456
GR ID 188 1 1.5000 75.0000 4 . 5000 1 456
GRID 189 1 1.5000105 .0000 4.5000 1 456
GRID 191 1 1.5000165.0000 4.5000 1 456
GRID 192 1 1.5000180.0000 4.5000 1 456
GRID 193 1 1.5000 0 .0000 5 .0000 1 456
GRID 194 1 1.5000 15.0000 5 .0000  1 456
GRID 196 1 1.5000 75 .0000 5.0000 1 456
GRID 197 1 1.5000105 .0000 5 .0000 1 4.56
GR ID 199 1 1.5000165.0000 5 .0000 1 456
GR ID 200 1 I.5000180 .0000 5 .0000 1 456
CW EDG E 25 10 193 185 169 194 186 170
CWEDGE 115 10 196 188 172 197 189 17-3
CWEDGE 205 10 199 191 175 200 192 176
CW ED&E ?6 10 1.69 177 193 170 178 19’.
CW EDGE 116 10 172 180 196 173 181 197
CWEDGE 206 10 175 183 199 176 184 200
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FIG. B-24 NASTRAN STRUCTURAL PLOT - END VIEW - SECTION B
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FIG. 8-25 NASTRAN STRUCTURAL PLOT - ROTATED VIEW - SECTION B
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM 8-Il VARIABLE CROSS SECTIONS SECTION B

~~~~~~~~~~~~~~~~~~~~~

•~ JUNCTI ON INPUT GE NERATO R PROr,RAP* (JIG) ~~

~~~ SA PPLE 2 — ~AYONET .JOINT, SECTION fl

NST = 1
NGS = 201

= 253
‘PIPOP = 3
MID = 1~
~r,p = 0
IDELT = 1
NSECT 5
Nfl 1) = I DELT7 ( 1) 0.0000
NDT = 5
ICLOSE =
DELGP = 30
K~~t 1 = 1 THETA( 1) 0.0000
KK ( 2) = 2 T)PIETA( 2) = 15.0000
K!(( 3) = 4 T WETA (  3) = 75.0000
k i ( ( ‘.) = 5 THETA( 4) 105.0000

• KK(  ~~) 7 Ti.IETA ( 5) = 165.0000
I(K( 6) 8 TWETA ( 6) 1~~O.UC00
9ETA( I) = O.0 00
PETA ( 2) = 15.0)00
PETA ( 3) 75.0~~O)
DETA t 1.) 105.13303

• 9ETA ( 5) 1€5.O~~0O
‘~ET4( 6) = 1PC.0~’O0
J’~

( 1.) = 1 JEI I) = 4
JB( 2) 2 JE ( 2) 1~
J’~

( 3) = I JEt 3) = 4
4) = 2 JEt 4) = 1.

JR( 5) = 1. JEt 5) = 4
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NSWC/wOL TR 77—86

I J (1,4) X (T,J) COOE(t,J)

1 1 6.C 00) 1.75~.CJ 1
• 2 1 ‘ . . S 3 C C j  1 .?5303  1

1 2 ‘..:o:c-j 1.~~jCC0 I
2 2 4 .50 ( 03  1.cQ~~00 1
- 2 5.37563 1.5000) 1
4 2 5.25CC) 1.5 C03 I
6 2 7.125C) 1.5000) 1
6 2 ‘. 0 0 0 1 3 3  1.5 0 03 j
1 3 ‘..~.3CC3 1.75030 1
2 ‘! 4 . ’C u2 8  1.75001 0
~ 3 ~ .50098 1.75(00 0
4 ~ 6.32~ 55 1.74999 0
5 ~ ‘.1F~ 45 1.75002 0
6 3 ~ .0 C 0 G 3  1.7513130 1.
1 ‘. 4 .131300 0 2.30000 1
2 I. 1..~~0C0J 2.0000J 1
3 1. 5.60000 2.00000 1
£~ 4 6.40CC) 2.-3C OC I
5 4 7.200CC 2.00000 1
5 1~ R~~~~~( ( -3  2.’ 0 0 0 0  1

0610 2i1 1. 1.2500 3.0030 4.0000 1 456
202 1. 1.26CC 15.3300 4.60130 1
2 4  1 1.250C 75.3300 4.00 OC 1 456
‘‘~~ 1. t .?5C01 - 3~~.3003  4 .0000 1
2~~7 1. l.2500165.003C 4.0006 1 1.56

I 1.2500186.0000 4.0000 1 1.56
2 9  1 1.25013 0.000 0 4.5030 1 1.56

061C 21. 1. 1.2560 15.0303 4.5006 1 4.56
212 1 1.2563 75.0330 4.5000 1. 1.56
2 13 .1 1.250(105.3030 4.5030 1 456

ORI C 21~ 1.2500165.03 0 4.5036 1 456
216 1 1.25001 82.0J00 4.50110 1 456
21~ 1 1.5000 0 . 0 3 0 3  4 . 0 3 O C  1 455
218 1. 1.5303 15.0030 4.000t’ 1 1.56

661C 21q i. 1.50013 45.3000 4.0000 1 456
22 1 1.5000 75.0032 4.0300 1 456

r~oir 221 1. 1.5000IJS.0000 4.0000 1 456
22’ 1 1.5C:013!.0)0o 4.0000 1 4.56
22? 1. 1.50130165.03Q3 4.0000 1. 456

C-~~1C 22’. 1. 1.50C ~~1 5 C . 0 C 3 C  4 . 0 0 0 0  1 1.56
22~ 1 1.53CC C . 3 G 0  4 .5000  I ‘.56

C.RIr 225 1 1.5000 15 .0 0 3 0  4 .500 0  1 4.56
22~ 1 1.5330 45.0000 4.5300 1 1.56
228 1. 1.50-3 0 7 5 . 0 3 3 0  4 . 5 0 C C  1 456
221 1 1.59Cfli3~~.00o:- 4.50013 1 4.56
23: 1 1.50013135 .0000 4.51330 1 456
231 1 1.50G.~165.0J3~ 4.50CC I 4SF’
232 1. 1.53.0183.0000 4.5000 1 456
252 12 225 21.7 201 226 ‘1~ 202

C)~E (GC ‘4 1: 228 22 221. 229 221 20c
43. 231 223 207 232 221.

CWE’)G~ 2~~1 1 20 1 2)~ 225 2 2 2  210 226
rws cr .~ 341 1) 20’. 212 228 2 135 21’ 22°
“.WECG ~ ‘.31 12 2:7 215 231 208 216 232
r-~ ir 233 1 1.53(0 0.0332 5.3750 1 456
06!” 23’. 1 1.5’13~ 15 .0302 5.3750 1 1.56
(!~ 236 1 1.5(32 4 . 5 . 0 0 ) 3  5.3750 1 1.56

23 5  1 1.50130 ‘5.0000 5.3750 1 456
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r-ci~ 23’  1 I.6000136.33)2 5.3750 1 456
0610 238 1 1.50c:135.0300 5.3750 1 4,6

23~ 1. I.5)0CI66 .030~ 5.3750 1 4.56
0610 ‘L.’ I 1.5006183,0033 5.3750 1 456
051C 24.1 1 1.5030 2 .303) 6.2500 1 4.56
0610 247 1 1.53-30 15.0030 6.2500 1 456
0-PlO 74~ 1. 1.’~00C 46.0033 6.2500 1 456

24.6 1 1 .50013 75.003: 6.2500 1 456
c-c r’ 24.5 1 1.5000135.0)00 6.2500 1 456

• (2 610 246 1 1.5000135.0333 6.2500 1 456
247 1 1.500t. 165 .0C00 6.2500 1 1.56

0610 21.8 1 1.5032183.0)33 6.2500 1 4.56
6610 24q 1 1.51313 0.003) 7.12513 1 456

• 
~61ID 253 1 1.5300 15.0032 7.1260 1 456
0610 251 1 1.5003 45 .01303 7.1250 I 456
r~clr 2 2  1 1.5000 76,QQØ3 7.1250 1 4.56
0-610 25! 1 1.5003105.3033 7.1250 1 456
(2610 25’. 1 t.500131 35 .0032 7.12513 1 4.56

• 0-610 256 1 1.50130155.0303 7.125C 1 4.56
0610 255 1 1.50jClS3.0033 7.1250 1 456

257 1. 1.5000 0.3303 8.0000 1 ‘.56
6Cr’ 258 1 1.5030 15 .0303 8.0000 1 456

~61C 25’~ 1 1.5-300 45.03)0 8.0000 1 456
262 1 1.50CC 75.330) 8.0006 1 456

ocl O 261 1. i .52130105.000) 6.0000 1 4SF’
0610 2~~2 1 1.5300135.0003 5.0000 1 4.56

• 0,610 25’ 1 1.50313165.01303 8.0000 1 4.56
0610 264 13 t.5-3 C~~180.033C 8.00CC 1 456

265 1 1.7620 .13030 4.0036 1 456
0610 265 1 1.7533 15.0030 4..000C 1 456
0-610 26’ 1. 1.7500 4.5.03)3 4.0000 1 456
6610 ~~~~ I 1.7500 75.0)33 4.00313 1 456

~QI0 26-9 1 1.7536I35 .O)-30 4.000C 1 456
0610 272 1 1.7500135.030J 6.OOCO 1 456
OCIO 271 1 1.75130165.0)33 4.00CC 1 ‘.56
6610 272 1 1.75 13180.Q)30 4.00CC 1 4.56
0610 273 ~ 1.75(0 0.3)30 4.7003 1 456

274 ~ 1.75213 15.0303 4.7303 I 456
0610 275 13 1.7500 ‘.5.0)3w 4.7003 1 4.56

275 1 1.’53 75.03)3 4.7003 1 456
0610 27’ 1 j.760-2135.OO3 C 4 . 700 3  1 456
OR Ifl 278 1 1.75C131 ’5.01330 4.7003 1 456

1 1.7562165.3002 4.7003 1. 456
0610 2 8 1  13 1.7500180 .033C 4.7003 1 4.56
C ’.ECG ~ 26? 1 273 265 217 274 266 218

282 11 274. 266 218 275 267 219
312 11 2’S 267 • 215 276 368 220

cwE’~GS 
lt.2 276 268 220 27’ 269 221

0W5065 37’ 12’ 277 269 221 278 270 222
43? i: 278 272 222 279 271 223

C1.~~”0 43? i: 279 271. 223 2*0 272 224
251 13 217 229 273 21.8 226 274

0W606 2*’ ‘18 226 274 219 ‘2’ 275
it’ 219 227 275 223 228 275
343 1: 226- 228 276 221 229 277
‘71 12 221 229 277 2’2 230 278

C’ .5f lC~ 42! 10 222 230 278 223 231 27~
~WE 0G~ 

C.’’ 13 223 231 275 224 232 280
ocr’ 281 1 1.7530 0.0300 5.5010 1 456

2 8,  1 1.7513c 16 .3033 5.50 10 1 456
c-cr  28’ 1. 1.75013 45.3000 5.50 1C 1 4.56
0610 ?~~4 I 1.75130 75.01300 5.5010 1 4.56
rcic 2*5 1 1 . 7s - 1 . I : 5 . o f l :  5.5010 1 4.56
c-PlC 1 1.7500135.0033 5.5010 1 456
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• 6610 287 1. 1.75130165.0000 5.5010 1 456
6610 288 1 1.7500150.0000 5.5010 1 4.56
Cb~ECr,E 25’. 13 281 273 225 282 274. 226

• ChECCE 264 1 282 274 226 283 275 22 7
CWEDCE 31’. 12 283 275 227 284 276 225
CWEOGE 344 13 281. 276 228 2*5 27’ 229
ObIECGE 374 10 255 277 229 286 215 230
CW !DGE 43’. 1] 2SF 278 230 287 219 231
CbI EOGE 43’. 1) 287 279 231 285 280 232
0-WE DGE 255 13 225 233 281 226 234 2’2
CWECGE 286 13 226 234 282 227 236 2~ 3
CwFCO,E 315 1) 227 235 283 225 236 284
C~ EflGE 345 12 228 236 254 229 237 285
c-WEOGE 175 1~ 229 23’ 285 230 238 256
CWECGE 405 13 2313 238 286 231 239 287
C~ ECGE 435 12 231 239 287 232 240 285
CR10 289 1 1.751313 0.00’)) 6.3286 1 4.56

• CR10 2913 1 1.7502 15.0900 6.3256 1 456
6610 291 1 1.7530 45.0300 6.3255 1 45F,

• CR1 0 292 1. 1.75013 75.0300 6.3285 1 456
c-F Ir 293 1 1.7500135,0000 6.3286 1 456
6610 294 1 1.751313135.0)00 6.3256 I 456

• CR10 295 1 I.760C165.0003 6.3286 1 456
c-PlC 296 1 1.750C1513 .0003 6.3286 1 456
c-WEDGE 256 13 289 261 233 2Q0 282 234
CWEDGE 286 13 2913 282 234 291 283 235
CWEOGE 315 1’ 2°1 283 235 292 284 236
C~ ECGE 346 13 292 284 236 2Q3 285 237
f7W6065 376 1’ 293 255 237 2% 286 238
c-WED GE 4~~ 1~ 294 286 238 295 267 239
c-hEnCE 436- 11 ?95 287 239 296 288 240
CWEDGE 257 1; 233 241 289 234 21.2 290
CWEC GE 287 12 234 21.2 290 235 24’ 291
CWEDGE 317 1.3 235 243 291 236 21.4 292
ChEOCE 34.7 13 236 21.4 292 237 21.5 293
CWEOGE 377 13 237  245 293 238 246 294
CWEDGE 407 1. 23’ 246 294 239 247 295
ChEC r ,E 4.37 1) 239 247 285 24.0 24 8 296

297 1 1.7513-3 3.30 )13 7.1635 1 456
C-R IO 298 1. 1.75CC 15.0300 7.1635 1 1.56
6610 29° 1. 1.7500 45.0003 7.1635 I 4.56
661° 300 1. 1.7530 75.0000 7.1636 1 456
OFIC 301 1. 1.75130105.0000 7.1635 1 4.56
6610 302 1. 1.7503135 .0000 7.1635 1 456
GRID 10! 1 1.75311165.0000 7.1635 1 456
CR10 304 1 l.TSOO1SC .0002 7.1635 1 456

25~ 13 297 259 21.1 298 290 21.2
ChEDGE 288 13 295 2913 242 299 291 243
CWECGE 316 10 289 281 243  3 (3  252 244
0-hEDGE 31.8 1.3 30O 292 21.4 301 2°1 21.5
CWEO GE 37* 12 331 293 245 3~ 2 294 246

• c-WEDGE 4138 13 302 294 21.6 3133 295 21.1
C%iECO,E 438 13 303 295 247 334 2% 21.8
c-WEDGE 259 13 24.1 249 297 21.2 250 295
0-WEDGE 289 1~ 242 250 288 243 251 299
CWED GE 319 12 243 251 299 24.4 252 300
ChEDGE 349 12 244 252 300 245 253 301
CW EC GE 379 12 24.5 253 301 246 254 302
0-WEDGE 409 10 246 254 302 21.7 2 55 303
CWEC GE 43° 10 2’.7 255 303 21.8 256 304
GRIT’ 305 1 1.75130 0.0003 5.0000 1 456
c-RIO 306 1 1.75013 15.0030 6.0000 1 456
GRID 33 7 1 1.7500 45.0000 8.0000 1 456
6610 308 1 1.’5013 75.0000 5.0030 1 4%

B— 56

-: ~:o:~~ -~=- ‘ 2_ L L~~~~. ~~~~~~ :i~~-— .-. - 
-—- A



~~~~~~~~~~~ T • ; ~~~~~~~~~~~~~~~~~~~~~~~~~~~•_

NSWC !WOL TR 77—85

06 10 3 9  I 1.75013105.0000 8.0000 1 456
GRID 312 1 1.7500135.0000 8.0000 1 4.56
0-610 311 1. 1.7500165.0033 8.0000 1 1.56
CR10 312 1 1.7500180.0000 8.0000 1 455
c-WE DGE 2€- C 1 32~ 297 249 3C6 296 250
CWEr’GE 29 12 306 298 25C 3137 299 251

32: 13 ‘0’ 289 251 3138 300 252
CWEO GE 35~ 13 108 300 252 309 301 253
0WECG

~ 
383 1. 30Q 331 253 310 302 254

c-WEDGE 410 13 3113 302 254 311 ~0! 255
ChEOG ! 443 13 711 303 255 312 334 256
c-WE DGE 26-1 10 21.9 257 305 250 255 106

• CWECG6 2.1 11 2513 258 306 251 259 307
CW FOO E 321 10 251 259 307 252 260 308
c-WE DGE 351 1) 252 260 308 253 261 309
CWET ’GE ‘RI 1) 253 261 309 254. 262 310
0bI~~OGE 411 L 25’. 262 310 255 263 311
CbECOE 4.41 1 255 263 311 256 26-4 312
6610 313 1 2.03CC 2.0300 4.0000 1 456
6-610 314 1 2.0000 15.0000 4.0000 1 456
6610 316 1 2.00CC 45.0003 4.0000 1 456
661” 316 1 2.0000 75.00013 4.0000 1 456
CR10 317 1 2.0360IOS.0000 4.0000 1 456
0-610 118 1 2.3060135.0000 4.0000 1 456
CRI T ’ 319 1 2.0060165.0000 4.0000 1 456
6610 32: 1 2.0000180.0000 4.0000 1 456
0-RIO ’ 321 1 2.00130 0.0003 4.8000 1 4.56
c--RI O 322 1 2 .00130 15.0000 4.8000 1 456
(2610 323 1 2.0006 45.0300 4.8000 1 456
CCIfl 32’. 1 2.0300 75 .003-3 4.6000 1 4.56
6610 325 1 2.0006105.0000 4.8000 1 456
0610 325 1 2.OOCC 13E. 0000 4.8000 1 4.56
0610 327 1 2.3000165.0300 4.8000 1 456
0-610 328 1 2,31300180.0000 4.8000 1 456

26-2 12 321. 313 26-5 322 314 26-5
2°? 322 314 26-6 323 315 267
322 1 323 315 267 324 316 26-6

CW ~ Or~ 35? 13 ‘24 316 266 325 31’ 269
CWF°G! ‘5? 11 325 317 269 326 318 270
rW E r r ~ 41? 1~ 325 318 270 327 319 271
CWEOG ~ 44? 10 327 319 271 328 320 212
CWE PGE 26’ 13 26-5 273 321 266 274 322
(7W!T’G! 29! 13 266 274 322 267 215 323

• 0-WE OC! 32’ 1 267 275 323 265 276 324
353 1J 265 276 324 269 277 325
3*1 lO 269 277 325 270 218 326

(2 W 6 0 6 6  413 12 270 278 326 271 279 327
CWFT ’GE 1.43 12 271 779 327 272 250 32 8
6610 32~ 13 2.000C 0.0032 5.6000 1 456
0610 331 1 2.0060 15.3306 5.6000 1. 456

331 1 2.00~ C 45.0030 5.6000 1 456
OC IC ‘32 1 2.0300 75.0030 5.6000 1 456

33’ 1 2.00001J5.030C 5.5000 1 456
c6lr 314 1 2.031313 135.0003 5.6000 1 455
0-Pr’ 335 1 2.3000165.0000 5.5000 1 456
0-610 336 1 2.33130j5Q.0000 5.6000 1 4.55
CWEC6~ 264 1~ 329 321 273 333 322 274
CW50G~ 294 1.2 333 322 274 331 323 215
CbE T ’6~ 324 13 331 32~ 275 382 324 276
CWE0G~ ‘54 13 332 324 276 333 325 277
C b E O G C  3*4 i: 73.3 325 277 334 326 278
c-WE DGE 414 1.2 334 326 278 335 327 279
ChEOC! 4.44 1] 335 327 279 336 328 280

2F~ 14 271 281 329 214 282 330
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0-WEDGE 2°5 j: 274. 282 330 275 283 331
325 12 275 283 331 276 284 332

CWEDGE 356- 1. 276 254 332 277 255 333
• 0- W 6 0 6  3 8 6  277  285 3’! 278 28 6  334

CWEOGE 415 1 278 286 334 ?‘9 287 335
0- WEOGE 445 1) 279 287 335 280 2 8  336
66 10 337 1 2 .033~ 0,3J3~ 6.4000 1 4.56
0-610 338 1 2 .3331 15.0010 6.4000 1 655

339 1 2 . 0 3 3 3  4 5 . 0 0 0 3  6 .4 0 313  1 456
6610 ‘‘.0 1 2.3303 p5.01300 6.43013 1 456
(26 10 ‘.1 1 2.023~~1J5.0J0 ) 6.4GuO 1 456
6610 342 1 ?.)23ul35.0303 6.4036 1 ‘.56
0-61° 343 1 2.30 3165,323 6.43CC 1 1.55
c-cr’ 34’. 1 2.000131813.003) 6.4000 1 456
CWECG 266- 12 337 329 281 336 330 282

296- 13 3 3 8  33) 2 82 339 331 26 3
CWE °6~ 32~- 13 339 331 2* 3 340 332 284
0-WEDGE 356 1 340 332 254 341 333 2*5

786- 1.. 761 333 285 3’.! 334 2 8 6
• CW E D0 - -E  1.16 12 342 334 256 343 335 2 . ’

CWECGE 4.46 13 34.3 335 287 34’. 33 6 - 2 86
0-WF DG 26-7 17 261 259 737 282 2°0 335
CWECG ~ 297 12 282 290 338 263 291 339

32’ 13 283 291 339 284 282 31.0
CWE!~6E 3~ 7 1. 284 282 340 285 293 341

• CW ET ’ r ,! 387 1.2 285 293 31.1 266 284. 342
CWF~ G! 417 12 286 294 342 28’ 295 343
CWEOG ! ‘.47 1_ 287 295 343 258 2 .6- 34’.

345 1 ?.003o 13.0033 7.2000 1 456
346 1 2.3 (02 15.0033 7.2000 1 456

0610 347 1. 2.3333 45.0332 7.2000 1 456
6610 34~ 1 2,00013 75.0339 7.2000 1 456
0-610 349 1 2 .3360105.003C 1.20013 1 4.56
0-RIO 1 2 .32013135 .0000 7.2000 1 456
GRI~ !~ 1 1 2.0032165.0300 1.2000 1 455
C-PlC 362 ~ 2.00 (0152.390) 7.2000 1 455

2 6 - 8  1. 345 337 289 346 338 280
CbECC ,E 1~ 346 338 290 347 339  291
c-h Err,: 328 12 ‘47 339 291 ‘.8 340 2’2
0-WE DGE 358 13 348 31.0 292 349 341 293

‘68 1: 31.9 341 293 350 342 296
0-WEDG E 4.18 13 3513 342 294 351 343 29~
CWEC GE 448 12 751 343 295 352 344 2%
CWEDr ,E 26-9 1 289 297 345 203 296 346
04506! 29° 33 2913 298 346 291 289 347
CWEOG! 329 12 291 299 347 292 300 31.5
CWEOG! 359 1.2 292 303 348 293 301 31.9

359 13 293 331 349 294 302 350
CWE~ GE 1.19 13 294 302 350 295 30’ 351
CWEOGE 449 13 2~ 5 313 3 351 2°6- 304 352
6610 353 1 2.3-30i 0.0303 8.0000 1. 456
0-PIT ’ 35’. 1 2.0033 15.0333 5.0000 1 456
0-910 355 1 2.3)30 ‘.~~.0000 8.0000 1 456
0-C IC 356 1. 2.33130 75.30130 8.OOCO 1 456
0-R ID 357 1 2.03301Q~~.0003 8.0000 1 456
0-610 758 1 2.3003135 .0332 6.000C 1 456
0-610 ‘59 1. 2.30 0165.0333 5.3003 1 456
GRID 36-3 1 2.93 C180.013 )3 8.0000 1 456

2’ i: 353 345 297 354 346 295
CW EDGE 3132 33 354 31.6 295 355 347 299

13 355 347 299 356 348 ‘03
c-W EDGE 363 13 356 31.8 300 357 349 331
0-4566! 392 ii 357 349 391 356 350 ‘02
c-WED GE 420 33 368 35) 332 359 351 303
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• CW E D0 -’! 33 35q ‘51 303 360 352 304
• ‘ 271 33 297 305 353 298 306 354.

0-46-0(20 331 33 29~ 336- 354 299 307 555
c - W E D G E  331 13 29~ 3 137 355 3 133 308  356

36-1 33 3013 306 356 301 309 357
301 i: ‘31 339 357 302 310 58

0-46-06! 1.21 13 332 310 358 3 13 3 ‘11 559
646-06! 451 33 303 311 359 331. 312 36-0
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PROBLEM B-Ill

REPEATED SECTION

The following problem demonstrates the JIG repeated section

option. Figure B—26 shows the planned finite element model and con-

figuration of one half of a threaded joint. This model consists

of two sections. The first represents the skin , the second the

threads. Since the threads of this model have a consistant

geometry and spacing only the first need be input. A complete

listing of the data input is shown in Figure B—27. Figures B—28

• and B—29 show the grid point and element numbers as generated by

JIG. Figure B—30 gives a NASTRAN structural plot and is followed

by a listing of the JIG punched output.
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*** SA ~~PLF 3 — T ? F P EA T E D  S E C T IO N  T Y P E  ***
2 1 1 1 5 o o I
1 ~

2. ’
4 1 4 1 ~ U u u i ‘4 ‘+JO U

o i o. r 1.0 1 6 i 1.0
6 4 2.5 ~? . 5  1 ‘4

6 1 6 1 5 0 1 1 1 4 4~~b

7 3.5 4.0
1 1 ?.~ 1.0 1 ~ 1 4 . 5  1.0
5 4 4 .~ 2.5 1 5 6 13.8333 3.5
1 6 ~‘.1667 3~~5 1 1 4 2.5 2.5
0
6 1

FIG. B-27 DATA INPUT PROBLEM B-Ill REPEATED SECTION
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• LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B-Ill REPEATED SECTION

3. 3.

~~ JUNCT ION INPUT GEN ERATOR P~ 0G~ A~ (JIG) •~
3. 3.

.3 43 4~~~~3 3334  3 3 3 4 3  4 4 3 3 3 4 3 3*3 3 3 4  44 4 4 4 3  43 44 43 44 34 43

r

‘~~‘ SA P ~PLE 3 — REPEATED SECTI O N TYPE “~~

NST = 2
NGS 1

• NES 1
NPO P 1
)lID = 5
NGP~~ 0
IOELT = 0
NSE CT = 1
NTI 1) = I ‘)~~LT7( 1) 0 .0000

• NT( 2)  = 3 OELTZ( 2) = 2.000 0
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I J Z(I,J) X (I,J) COOE (I,J)

1 1 0 . 0 0 0 0 0  1.00000 1
2 1 .50000 1.00000 1
3 1 1.00000 1.00000 1
4 1 1.50000 1.00000 1
5 1 2.00000 1.00000 1
6 1 2.50000 1.00000 1
1 2 0.00000 1.50000 1
2 2 .49999 1.49999 0
3 2 1 .00000 1.50600 0
4 2 1.49999 1.50000 0
5 2 2 . O C O O 1  1.50001 0
6 2 2.50000 1.50000 1
1 3 0 .00000  2 .00 0 00  1
2 3 .50000 2.00000 0
3 3 1.00000 2 .00001 0
4 3 1.50001 2.00001 0
5 3 2.00001 2.00001 0
6 3 2.50000 2.00000 1
1 4. 0.00000 2.50000 1
2 4. .50000 2.50000 1
3 4 1.00000 2.50000 1
4 4 1.50000 2.50000 1
5 4. 2.00000 2.50000 1
6 4 2.50000 2.50000 1

GRID 1 0 1.0000 0.0000 0.0000 0 4.56
GRID 2 0 1.0000 0.0000 .5000 0 456
GRID 3 0 1.0000 0.0000 1.0000 0 ‘+56
GRID 4 0 1.0000 0.0000 1.5000 0 ‘+5ó
GRID 5 0 1.0000 0.0000 2.0000 0 4.56
GRID 6 0 1.0000 0.0000 2.5000 U 4.55
GRID 7 0 1.5006 0.0000 0.0000 0 ‘.56
GRID 8 0 1.5000 0.0000 .5000 0 ‘.56
CTRIARG 1 8 7 1 0.0000 5
CTRIARG 2 1 2 8 0.0000 5
GRID 9 0 1.5000 0.0000 1.0000 0 ‘.56
CTRIARG 3 9 8 2 0.0000 5
CTRIARG 1. 2 3 9 0.0000 5

• GR IO 10 0 1.5000 0.0000 1.5000 0 ~.56
CTRIARG 5 10 9 3 0.0000 5 - -

CTRIARG 6 3 4. 10 0.0000 5
GR ID 11 0 1.5000 0.0000 2.0000 0 ‘.56
CTRIARG 7 11 10 4 0.0000 5
C T R I A R G  8 I. 6- 11 0.0060 5
GRID 12 0 1.5000 0.0000 2.5000 0 ‘.56
CT RI~ RG 9 12 11 5 0.0000 5
CTRIA RG 10 5 6 12 0.0000 5
GRID 13 0 2.0000 0.0000 0.0000 0 4.56
GRID 1’. 0 2.0000 0.0000 .5000 0 4.56
CTRIARG 11 11. 13 7 0.0000 5
CT RIARG 12 7 8 11. 0.0000 5
GR ID 15 0 2.0000 0.0000 1.0000 0 ‘.56
CTR IAQG 13 15 14 8 0 . 0 0 0 0  5
CTR IARG 1’. 8 9 15 0.0000 5
GR ID 16 0 2 .0000  0 .0000  1.5000 0 4.56
CTR IA RG 15 16 15 9 0 .0000  5
‘~T RIARG 16 9 10 16 0 . 0 0 0 0  5
GR ID 17 0 2 .0000  0 . 0 0 0 C  2 .0000  0 456

CTRI AR G 1? 17 16 10 0 . 0 0 0 0  5
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CTR IARG 18 10 11 17 0 .0000  5
— GRID 18 0 2 .0000 0 .000t )  2.5000 0 4.56

CTRIARG 19 18 17 11 0 . 0 0 0 0  5
CTR IARG 20 11 12 18 0.0000 5
GR ID 19 0 2.500 0 0.0000 0.0000 0 ‘.56
GRID 20 0 2.5000 0.0000 .5000 0 -.56-
CT RIARG 21 20 19 13 0.000C 5
CTR IARG 22 13 14 20 3.0000 5
GR IU 21 0 2 .5000 0 . 0 0 0 0  1.0000 0 456
CTRIARG 23 21 20 14. 0.0000 5
CTR IARG 21. 14 15 21 0 .0000  5
GRID 22 0 2.5000 0.0000 1.5000 0 45F.
CTR IARG 25 22 21 15 0 .0000  5
CTR IAR G 26 15 16 22 0 .0 0 0 0  5
GR ID 23 0 2.5000 0 .0000 2 .0000 0 ~.56
CTR IARG 27 23 22 16 0 . 0 0 0 0  5
CTR IAR G 28 16 17 23 0 .0000  5
GRID 24 0 2.5000 0.00CC 2.5000 0 -.56
CTRIARG 29 24 23 17 0.0000 5
CTRIARG 30 17 18 2’. 0.0006 5

I J Z(I,J) X (I,J) CODE (I,J)

1 1 2.50000 1.00000 1
2 1 3.00000 1.00000 1
3 1 3.50000 1.00000 1
4 1 4.00000 1.00000 1
5 1 4.50000 1.00000 1
1 2 2.5 0000 1.50000 1
2 2 3.00316 1.4.9998 0
3 2 3.49999 1.1.9999 0
4 2 3.99679 1.49998 0
5 2 4.50 000 1.50000 1
1 3 2 .50000 2 .00000 1
2 3 3.012 74 1.99998 0
3 3 3.49998 1.99999 0
4 3 3.98724 2.00 000 0
5 3 4 .50000 2 .00000  1
1 I. 2.50000 2.500 00  1
2 I~ 3.04185 2.5 0000 0
3 4 3 .50004 2 .50003 0
4 4 3.9521? 2.50002 0
5 I. 4.50000 2.50000 1
1 5 2.83335 3 .00000 1
2 5 3.17863 2.99999 0
3 5 3.50002 3.90001 0
k 5 3.82133 2.99998 0
5 5 4.16665 3 .00000  1
1 6 3.16670 3.50000 1
2 6 3.33335 3 .50000 1
3 6 3.50000 3 .50000 1
1~ 6 3.66665 3.50000 1
5 6 3.83330 3.50000 1
1 7 3 .50000 4 .00000  1

GR ID 25 0 1.0000 0 .0000  3 .000 C  0 456
GR ID 26 0 1.0000 0 . 0 0 0 0  3 .5000 0 1.56
GR ID 27 0 1.0000 0 .0 000  4 .0000  0
GRID 28 0 1.0000 0 . 00 00  4 . 5000  0
GR ID 29 0 1.5000 0 .0 0 00 3 .0032 0 ‘.56
CTRIARG 31 29 12 6 0 . 0 0 0 0  5
CTR IARG 32 6 25 29 0 . 0 0 0 0  5
GRID 30 0 1.5000 0 .00 00  3 .5 000 0 4.56
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CTR XA R G 33 30 29 25 0 .00 0 0  5
CTR IARG 3’. 25 26 30 0 .0000  5
GRID 31 0 1.5000 0 .0000  3.9968 0 456

• CTP IARG 35 31 30 26 0.0000 5
• CTRIARG 36 26 27 31 0.0000 5

GRID 32 0 1.5000 0 .0000 4 .5000 0 ‘+56
CTRIARG 37 32 31 27 0.0000 5
CTRIARG 38 27 28 32 0.0000 5
GRID 33 0 2.0000 0 . O O C O  3.0127 0 1.56
CT PIARG 39 33 18 12 9 .0000  5
CTRIARG 40 12 29 33 0 .0000  5
GR ID 3’. 6 2 .0000 0 .0000  3 .5000 0 456
CTR IARG 41 34 33 29 0 .0000  5
CT RI~ RG 42 2 .  30 3’. 0.0000 5
GRID 35 0 2.0000 0 .0000  3.9872 0 ‘+56-
CTR IARG 43 35 3~. 33 0.0000 5
CTR IARG 41. 30 31 35 9 .0000 5
GRID 36 0 2.0000 0 .0000  4 .5 000 0 -.56
CTPIARG 4.5 36 35 31 0.0000 5
CT RIAR G 46 31 32 36 0 .0 000  5
GRID 37 0 2.5000 0.0000 3.0478 0
CTRIARG 4? 37 21. 18 0.0000 5
CTRI ARG 48 18 33 37 0.0000 5
GRID 38 0 2.5000 0.0000 3.5000 0 ‘.56-
CTR IARG 49 38 37 33 0 .0000 5
CT RIARG 50 33 31. 36 0 .0000  5
GR ID 39 0 2 .5000 0 . 0 0 0 0  3.9522 0 ‘.56

51 39 38 34 0.0000 5
CTR IA RG 52 34 35 39 0 . 0 0 0 0  5
GRID ‘.0 0 2 .5000 0 .3 00 13 4 .5000 0 4 56-
CTR IARG 53 40 39 35 0.0000 5
CTRIARG 5’. 35 36 40 0.0000 5
CR10 41 0 3 .0000  0 . 0 0 0 0  2.8131. 0 456
GRID 42 0 3.0000 0 .Ot ) 30  3.1786 0 4.56
CTRI4 RG 55 ‘+2 ‘+1 21. 3 3 0 0 0 0  5
CTRIARG 56 21. 37 42 0 . 0 0 0 0  5
GRID 43 0 3.0000 0 .0 0 0 0  3 .5000 0 ‘+56
CTRIA RG 57 ‘+3 42 37 0 .0000  5
CTRI ARG 58 37 38 ‘.3 0 . 0 0 9 0  5
GRID 4’. 0 3 .0000  0 . 0 0 0 0  3.8213 0 -.56
CTRT A RG 59 ‘4’ ‘.3 38 0 . 0 0 00  5
CT RIARG 60 38 39 I.’. 0.0000 5
GRID 45 0 3.0000 0 . 0 0 0 3  4.1667 0 4.56
CTR IAR G 61 45 4.’ 39 0 . 0 0 0 0  5
CTRI~ RG 62 39 40 ‘.5 0 . 0 0 0 0  5
GRID 46 0 3.5000 0.0000 3.1667 13 1.56
GR ID 47 0 3. 5000 0 . 0 0 0 0  3 .500 0 0 456
CTRIAR G 63 4.1 42 46 0 . 00 0 0  5
CTRIARG 64 42 47 46 0 . 0 0 0 0  5
CTRIAQ G 65 42 43 47 0 .0000  5
GRID 48 0 3 .5000 0 . 0 0 0 0  3.8333 0 -.56-
CTRIARG 66 ‘.3 ‘.~. 4,7 0.0000 5
CTRIARG 67 4.4 48 ‘.7 0.0000 5
CTRIARG 68 41, ‘.5 1.8 0.0000 5
GRID 49 0 4.0000 0.0000 3.5000 0 -.56
CTRIARG 69 47 4.9 46 0.0000 5
CTRIARG 70 48 49 1.7 0.0000 5

I J Z(I,J) X(I,J) CODE (I,J)

1 1 ~..50000 1.00000 1
2 1 5.00000 1.00000 1
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3 1 5.50000 1.00000 1
1. 1 6.00000 1.00000 1
5 1 6.50000 1.00000 1
1 2 4.50000 1.50000 1
2 2 5.00316 1.49998 0
3 2 5.49999 1.49999 0
1. 2 5.99679 1.49998 0
5 2 6.50000 1.50000 1
1 3 4.50000 2.00000 1
2 3 5.01274 1.99998 0
3 3 5.49998 1.99999 0
4 3 5.98724 2.00000 0
5 3 6.50000 2.00000 1
1 4 4.50000 2.50000 1
2 4 5.04785 2.50000 0
3 4 5.5000’. 2.50003 0
1. 4 5.95217 2.50002 0
5 1. 6.5 (000 2 .50000 1
1 5 4 .83335 3.00000 1
2 5 5.17863 2.99999 0
3 5 5.50002 3.00001 0
I. 5 5.82133 2.99998 0
5 5 6.16665 3.00000 1
1 6 5.16670 3.50000 1
2 6 5.3333 5 3.50000 1
3 6 5.50000 3 .50000 1
~ 6 5.66665 3.5 0000 1
5 6 5.83330 3 .50000  1
1 7 5.50000 ‘..00000 1

GRID 50 0 1.0000 0.0000 5.0000 0 456
GRID 51 0 1.0000 0.0900 5.5000 0 456
GRID 52 0 1.0000 0.0000 6.0000 C 456-
GRID 53 0 1.0000 0.0000 6.5000 0 1.56
GRID 5’. 0 1.5000 0.3000 5.0032 0 -.56
CTRIA RG 71 5’. 32 28 0 .0000 5
CTRIARG 72 28 50 5’, 0.0000 5
GRID 55 0 1.5000 0.0000 5.5000 0 4.56
CTRI ARG 73 55 54 50 0.0000 5
CTQIARG 7’. 50 51 55 0.0000 5
GRID 56 0 1.5000 0.0000 5.9968 0 ‘.56
CT RIARG 75 56 55 51 0.0000 5
CTR IARG 76 51 52 56 0 .0 000 5
GRID 57 0 1.5000 0 . 0 0 0 0  6 .5060 0 ‘+56
CTR IARG 77 5? 56 52 0 .0000 5
CTR IARG 78 52 53 57 0 .0000  5
GRID 58 0 2 .0000 0 . 0 0 0 0  5.012? 0 ‘.56
CT RIA RG 79 58 36 32 0 .0000  5
CTR IARG 80 32 5’. 58 0 . 0 0 0 0  5
GRID 59 0 2.0000 0.0000 5.5000 0 ‘+56
CTRIA QG 81 59 58 5’. 0 .0 0 0 0  5
CTRIARG 82 54 55 59 0 .0000  5
GRID 60 0 2.0000 0 . 0 0 0 0  5.9872 0 456
CTP TAR G 83 60 59 55 0 .0000  5
CTRI~ RG 8’. 55 56 60 0 .00 00  5
GRID 61 0 2.0000 0.0000 6.5000 0 456
CTRIARG 85 61 60 56 0.0000 5
CTRIARG 86 56 57 61 0.0000 5
GRID 62 0 2.5000 0.0000 5.01.78 0 .56
CTR!ARG 67 62 40 36 0.0000 5
CTRIARG 88 36 58 62 0.0000 5
GRID 63 C 2 . 5000 0 . 0 0 0 0  5.5000 0 456
CTR IARG 89 63 62 58 0 .0000  5
CTRIARG 90 58 59 63 0.0000 5
GR ID 64 0 2 .5000 0 . 0 0 0 0  5.9522 C
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CT QIA RG 91 61. 63 59 0 .0000  5
CTR IARG 92 59 60 6’. 0.0000  5
GR ID 65 0 2 .5000 0.0 000 6 .500 0 0 4 56
CTR IARG 93 65 64 60 0 . 0 0 0 0  5
CTR IARG 94 60 61 65 0 .0000 5

- • GRID 66 0 3 .0000 0 .0000  4 .8331. 0 ‘.5.,
GR ID 67 0 3 .0000 0 .0000  5.1786 0 -.56
CTR IA RG 95 67 66 1.0 0 . 0 0 0 0  5
CTR IARG 96 40 62 67 0 .000 0  5

• GRID 68 0 3.0000 0.0000 5.5000 0 ‘+56
CT RIAR C 97 68 67 62 0 .0000  5
CTR IARG 98 62 63 68 0 .0000  5
GRID 69 0 3 .0000 0 . 0 0 0 0  5.8213 0
CTR IAR G 99 69 68 63 0 .0000  5
CTR IARG 100 63 64 69 0 .0000  5
GRID 70 0 3.0000 0.0000 6.1667 0 456
CTRIARG 101 70 69 61. 0.0000 5
CTRIARG 102 64 65 70 0.0000 5
GRID 71 0 3.5000 0 . 0000 6 .1667 0 ‘.56
GR ID 72 0 3 .5000 0 .0000  5 .5000 0
CTR IARG 103 66 67 71 0 . 0 0 0 0  5
CTRIARG 10’. 67 72 71 0 . 0 0 0 0  5
CTRI~ RG 105 67 68 72 0 .0000 5

-• GR ID 73 0 3.5000 0.0000 5.8333 0 456
CTR IARG 106 68 69 72 0 . 0 0 0 0  5
CTR !ARG 107 69 13 72 0.0006 5
CTRIARG 108 69 70 73 0 . 0 0 0 0  5
GR ID 7’. 0 4 .0000 0 .00 0 0 5.5000 0 ‘.56
CTR IARG 109 72 71 0.0000 5
CTRIARG 110 73 7’. 72 0 .0000  5

I J Z(I,J) X (I,J) CDDE( I,J)

1 1 6.50000 1.00000 1
2 1 7 .00000 1.00000 1
3 1 7.50000 1.00000 1
l~ 1 8.00000 1.00000 1
5 1 8.50000 1.00000 1
1 2 6.50000 1.50000 1
2 2 7.00316 1.49998 0
3 2 7.49999 1 .1 .9999  0
1 2 7.99679 1.49998 0
5 2 8 .50000 1.50000 1
1 3 6.50000 2.00000 1
2 3 7.01274 1.99998 0
3 3 7.49998 1.99999 0
4 3 7.98724. 2 .00000  0
5 3 6 .50000 2 .00000 1
I 1~ 6.50000 2.50000 1
2 4 7.04785 2.50000 0
3 4 7.50004 2.50003 0
I. 4 7.95217 2.50002 0
5 4 8.50000 2.50000 1
1 5 6.83335 3 . 0 0 0 0 0  1
2 5 7.17863 2.99999 0
3 5 7 .50002 3 .00001 0
4 5 7.82133 2.99998 0
5 5 8.16665 3 .00000  1
1 6 7.16670 3.50000 1
2 6 7.33335 3.50000 1
3 6 7 .50000 3 .5 0000 1
4 6 7.66665 3.50000 1
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5 6 7.8~330 3.50000 1
1 7 7.50000 4.00000 1

GRID 75 0 1.0000 0.0000 7.0000 0 ‘.56
GRID 76 0 1.0000 0.0000 7.5000 0 -.56
GRID 77 0 1.0000 0.00G0 8.00CC 0 ‘.56

• GRID 78 0 1.0000 0.0000 8.5000 0 -.56
GRID 79 0 1.5000 0.0000 7.0032 0 ‘+56
CTRIARG III 79 57 53 0.0000 5
CTRIARG 112 53 75 79 0.0000 5
GRID 80 0 1.5000 0.0000 ‘.5000 0 456
CT RIA RG 113 80 79 75 0 .0 000 5
CTR IA RG 111. 75 76 60 0 .000 0  5
GRID 81 0 1.5000 0 .0000 7.9968 9 ‘+5c
CTR T A RG 115 61 80 76 0 .0000  5
CTRIARG 116 76 77 81 0 .0000  5
GRID 82 0 1.5000 0 .0000 8 .5000 0 456
CTRIARG 117 82 81 77 0.0000 5
CTRIARG 118 77 78 82 0.0000 5
GRID 83 0 2.0000 0.0000 7.0127 0 -.56
CTRIARG 119 83 61 57 0.0000 5
CTRIARG 120 57 79 63 0.0000 5
GRID 84 0 2.0000 0.0000 (.5000 0 1.56
CTRIARG 121 84 83 79 0.0000 5
CTRIARG 122 79 80 8’. 0.0000 5
GRID 85 0 2.0000 0.0000 7.9872 0 -+56
CTRIARG 123 85 81. BC 0.0000 5
CTRIAR G 12’. 80 81 85 0.0000 5
GRID 86 0 2.0000 0.0000 8.5000 0 .55
CTRIARG 125 86 85 81 0.0000 5
CTRIARG 126 81 82 86 0.0000 5
GRID 87 0 ~‘.5000 0.0000 7.0478 0 ‘.56
CTRIARG 127 87 65 61 0.0000 5
CTR IARG 128 61. 83 87 0 .0000 5
GRID 88 0 2.50CC 0.3000 1.5000 0 -+56-
CT RIARG 129 68 87 83 3 .0000  5
C T R I A R G  130 83 81. 88 0 . 0 0 0 0  5
GRID 89 0 2.5000 0.0000 7.9522 0 1.56-
CTRIARG 131 89 88 6’. 13.0000 5
CT RIA RG 132 61. 85 89 0.0000 5
GR ID 90 0 2 .5000 0 . 0 000 8 .5000 0 1.56-
CT RIARG 133 90 89 85 0 .0000  5
CTRIAR G 131. 85 86 90 0 .0000 5
GRIO 91 0 3.0000 0.0000 6.633’. 0 1.56

GRID 92 0 3.0000 0.0000 7.1786 0 ‘+56
CTRIA RG 135 92 91 65 3.0000 5
CTRIAR G 136 65 87 92 0.0000 5
GR ID 93 0 3.0000 0 .0000 7.5000 0 4.56
CTR IAR G 137 93 92 ~7 ~~.000C 5

CTP IAR G 138 87 88 93 0 .0000  5
GRID 94 0 3.0000 0.0000 7.8’13 0 1.56

C T RIA R G  139 91. 93 88 0.0000 5

CTRIARG 140 88 69 9’. 0.0000 5
CR10 95 0 3.0000 0.0000 8.1667 0 -.5.
CTR IA RG 141 95 94 89 3 .0 0 0 0  5
CTRIARG 142 39 90 95 0.0000 5
GR ID 96 0 3.5000 0 .0000 7.1667 0 ‘.56
GR TO 97 0 3.5000 0 .0000 7.5000 0 1.56
CTRIARG 143 91 92 96 0.0000 5
CTRIARG 144 92 97 96 0.0000 5
CTR IA RG 145 92 93 97 0 .0000  5
GRID 98 0 3.5000 0.0000 7.8333 0 1.56
CTR IARG 146 93 9’. 97 0 .000 0  5
CT RIAR G 14 7 94 98 97 0 .000 0  5
CT RIAR G 148 9’. 95 98 0 .00 00  5
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GR ID 99 0 4 .0000 0.0000 7.5000 0 1.56
CT PIARG 149 97 99 96 0.0000 5
CTRIARG 150 98 99 97 0.0000 5

I
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PROBLEM B-IV

VARIABLE THETA

This problem demonstrates the variable theta feature of JIG.

Figure B—31 shows the planned finite element model and configuration

of a tapered cylindrical shell using the variable theta feature.

A complete listing of the data input is shown in Figure B—32.

Figure B—33 shows the grid point and element numbers as generated

by JIG. Figures B—34 and B—35 give NASTRAN structural plots and

are followed by a listing of the JIG punched output.
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*** •6-AMPLF 4 — V A P T A R L E  T k FT ~ *4*

~ ~ ‘ ~ i 1

“.0
3 0 5r’
1 0.0 4 90.0 6 180.0 9 360.0

0 .0 ~60.(’1 5
4 ~ 1 6 0 0 0 fl 0 456 0
1 1 0.ñ 1.5 1 6 5.0 1.0
6 5 5.0 ~.t3 1 1 6- 0.0 2.5

FIG. 8-32 DATA INPUT PROBLEM B-IV
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XX GRID POINT NUMBERS AT ~ 0

(X X) GRID POINT NUMBERS AT 30° - 
-

ELEMENT NUMBERS FOR 9=0° — 30° SECTOR

NOTE: NUMBERING SEQUENCE IS TYPICAL FOR ALL SECTORS

.2/7 -~~~~~~---—----—-~~~~~~~~

.20’ ~~~
—;7, (~~) 

~~~~~~

~~~~1
@ ic~~ ,~ 5i

; 
~~~~~~~~~~~~~~~~~~~ )

f 2) 4~~~~~~~~~1T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

lie) 2,5 3f•
~~~~~

•
~
___,__,

~(2~) 4/(
~4) (#z)

FIG. 8-33 GRID POINT AND ELEMENT NUMBERS
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FIG. 8-34 NASTRAN STRUCTUAL PLOT. END VIEW
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FIG. 8-36 NASTRAN STRUCTURAL PLOT. ROTATED VIEW
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B.IV VARIABLE THETA

.4.. *4*~ *4 *4 *4  * *4* * * *.* * *4 4 4* * * * * * * *  *4 *4 4*4 *4 * 4 *4 *

‘ JUNCTION INPUT GENERATOR PROGRAM (JIG) •~~.4 .4
.4.. .... *4 * 4 * 4 * *4 * * *4 * * * * * * *4 4 4*4 *4 4 4* 4 4 4 4 4 4  4*4 4 4*

•‘~ SA MPLE 1. — VAR IA BLE THETA “
‘~ST 1
‘~IGS I
N E S  1
U~~1P I

~‘I0‘IGP : 0
IOELT = 1
~ISFC1 = 1
~ T (  1) = I ) E LTZ (  1) 0 . 0 0 0 0
‘lOT = 3
rcLosE = 0
DELGP = 50
KK ( 1.) = I TH (TA( 1) = 0.0000
ê( ’( ( 2) 1~ THE TA( 2) 9 0 . 0 0 0 0
KK ( 3) = 6- THETA ( 3) = 180.0000
KK ( 4) = 9 T H E T A C  ‘.) 360.0000
9ETA ( 1) 0.0000

~3 E T A (  2) 36 0 . 0 0 0 0
JB (  1) = I J ’ (  1) = 5
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I J Z(I,J) X ( I , J)  COO EII ,J)

1 1 0.00000 1.50000 1
2 1 1.00000 1.40000 1
3 1 2.00000 1.30000 1
1. 1 3.00000 1.20000 1
5 1 4.00000 1.10000 1
6 1 5 .00000  1 .00000 1
1 2 0.00000 1.75000 1
2 2 1.00000 1.70000 0
3 2 2.00001 1.65001 0
1 2 3.00002 1.60000 0
5 2 3.99999 1.54999 0
6 2 5 .00000 1.50000 1
1 3 0.00000 2.00000 1
2 3 I~ 0 00 03  2 .00002 0
3 3 2.00002 2 .00001 0
1. 3 3 .00000 1.99999 0
5 3 4 .00000  2 .00000  0
6 3 5 .00000  2 .00000  1

— 1 4 0 .00000  2 .25000 1
2 ‘+ 1.00002 2.30001 0
3 ‘. 1.99998 2.34999 0
4 I. 3.00000  2 .40000  0
5 L. 4.00000 2.44999 0
6 4 5.00000 2.50000 1
1 5 0.00000 2.50000 1
2 5 1.00000 2.60000 1
3 5 2.00000 2.70000 1
1. 5 3 . 0 0 0 0 0  2 . 5 0 0 0 0  1
5 5 ...00000 2.90000 1
6 5 5 .00000  3 .00000  1

GRID 1 1 1.5000 0 .0000  0 .0000  1 4 56
GRID 2 1 1.5000 30 .0000 0 .0000  1 ‘.56
GR ID 3 1 1.5000 60.0000 0 . 0 0 0 0  1 1.56
G R I D  1~ ~ 1.5000 90.0000 0.0000 1 456
GR ID 5 1 1.5000135.0000 0 . 0 0 0 0  1 456
GR ID 6 1 1.5000180.0000 0 . 0 0 0 0  1 ‘.56
GRID 7 1 1 .50002 1.0 .0000 0 . 0 0 0 0  1 ‘.56
GRID 6- 1 1.5000300.0000 0.0000 1 456
GRID 9 1 1.1.000 0.0000 1.0000 1 456
GRID 10 1 1.1.000 30.0000 1.0000 1 456
GRID 11 1 1.4000 60.0000 1.0000 1 ‘.56
GRID 12 1 1.1.000 90.0000 1.0000 1 456
GRV3 13 1 1.4 000135 .0000 1.0000 1 456
CR10 1.. I 1.k000180 .0000 1.0000 1 1.56
GR IO 15 1 1.4 0002 ’ .0 .0000 1.0000 1 456
GR ID 16 1 1.4000300 .0000  1.0000 1 1.56
GRID 17 1 1.3000 0.0000 2.0003 1. 1.56
GRID 18 1 1.3000 30.0000 2.0000 1 456
GRID 1) 1 1.3000 6 0 .0000 2 .0000  1 ‘.56
GRID 20 1 1.3000 90.0000 2.0000 1 456
GRID 21 1 1.3000135.0000 2.0000 1 456
GRID 22 1 1.3000180.0000 2 .0000  1 456
CR10 23 1 t.30002’+0.0000 2.0000 1 ‘.56
GR ID 21. 1 1 . 3 0 0 0 3 0 0 . 0 0 0 0  2 . 0 0 0 0  1 1.56
GRID 25 1 1.2000 0.0000 3.0000 1 456

GRID 26 1 1.2000 30.0000 3.0000 1 ‘.56
• GR ID 27 1 1.2000 6 0 . 0 0 0 0  3 . 0 0 0 0  1 ‘.56

GR ID 28 1 1.2000 90 .0000  3 .0000  1 456
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GRID 29  1 1.2000135.0000 3 .0000  1 456
GRID 30 1 t.2000180.0000 3.0000 1 456
CR10 31 1 1.2000240.0000 3.0000 1 456
GRID 32 1 1.?000300.0000 3.0000 1 -.56
GRID 33 1 1.1000 0.0000 4.0000 1 456
GRID 3’. 1 1.1000 30.0000 4.0000 1 1.56
GRID 35 1. 1.1000 60.0000 4.0000 1 1.56
GRID 36 1 1.1000 90.0000 4.0000 1 56

• GRID 37 1 1.1000135.0000 4.0000 1 1.56
G R I D  3t ~ I 1.1000180.0000 4.0000 1 1.56
GRID 39 1 1.1000240.0000 4.0000 1 456
GRID 1.0 1 1.1000300.0000 4.0000 1 ‘.56
GRID 41 1 1.0000 0.0000 5.0000 1 ‘.56
GRID 4? 1 1.0000 30.0000 5.0000 1 -.56

• GRID 1.3 1 1.0000 60.000C 5.0000 1 1.56
GRID 4~. 1 1.0000 90.0000 5.0000 1 1.56
GRID ‘5 1 1.0000135.0000 5.0000 1 45ô
GRID 46 1 1.0000180.0000 5.0000 1 456
GRID 47 I 1.0000240.0000 5.0000 1 ‘.56
GRID 1.8 1 1.0000300.0000 5.0000 1 456
GRID 1.3 1 1.7500 0.0000 0.0000 1 ‘+56
GRID 50 1 1.7500 30.0000 0.0000 1 456
GRID 51 1 1.7500 60.0000 0.0000 1 ‘.56
GRID 5? 1. 1.7500 90.0000 0.0000 1 ‘.56

• GRID 53 1 1.7500135.0000 0.0000 1 456
GRID 5-. 1 1.7500180.0000 0.0000 1 456
GRID 55 1 1.7500240.0003 0.0000 1 1.56
GRID 56 1 1.7~~00300.000 Q 0.0000 1 456
GRID 57 1 1.7000 0.0000 1.0000 1 ‘+56
GRID 5th 1 1.7000 30.0000 1.0000 1 ‘.56
GRID 59 1 1.7000 60.0000 1.0000 1 1.56
GRID 8.0 1 1.7000 90.00 00 1.0000 1 -.56
GRID 61. 1 1.7000135.0000 1.0000 1. ‘+56
GRID 62 1 1.7 0 0 0 18 0 .0 0 0 0  1 . 0 0 0 0  1 456
GRID 63 1 1.7000240.0000 1.0000 1 ‘+56
CR11) 6-. 1 1.7000300.0000 1.0000 1 56
C W FOG~ 1 5 57 1 58 50 2
C W F D G ~ 51 5 5 8 50 2 59 51
CWEOGF 101 5 59 51 3 60 52
CWED GF 151 5 60 52 ‘+ 6-1 53 S
CWEDGE 201 S 61 53 5 62 5-. 6

• CW ED GE 251 5 62 5’. 5 6 - 3  55 7
CWEDGE 301 5 63 55 7 6. 56 8
CWEDGE 351 5 6’. 56 8 57 49 1
CdEDGF 2 5 1 9 57 2 10 58
CWEDGE 52 5 2 10 58 3 11 59
C W E O G ~ 102 5 3 11 59  12 60
CW EDGE 152 5 1. 12 60 5 13 61
CW EOG F 202 5 5 13 61 1-. 62
CWFDGF 252 5 6- 1’. 62 7 15 63
CW E DG E 302 5 7 15 63 8 16 6’
CWE~ GE 352 5 8 16 6-. 1 9 57
G R I D  6 3  1 1 .6500  0 . 0 0 0 0  2.0000 1 456
GRID 65 1 1.6500 30.0000 2.0000 1 456
GRID 67 1 1.6500 60.0000 2.0000 1 1.56
GRID 63 1 1.6500 90.0000 2.0000 1 ‘.56
GRID 69 1 1.6500135.0000 2.0000 1 1.56
GRID 70 1 1.6500180.0000 2.0000 1 456
CR10 71 1 1.6500240.0000 2.0000 1 -.56
GRID 72  1 1.6500300.0000 2.0003 1 -.56
CwEOG r 3 5 65 57 9 58 10
CWF O G F 5 3  5 66 58 10 67 59 11
CWE0GE 103 5 67 59 11 68 60 12
CW EOGF 153 5 68 8.0 12 69 61 13
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CWEDGE 203 5 69 61 13 70 62 11.
• CWEDGF 253 5 70 62 14 71 63 15

CWEOGE 303 5 71 63 15 72 64 16
CWEOGE 353 5 72 6’. 16 65 57 9• CWEOGF 4 5 9 17 65 10 18 66
CWEDCE 5’. 5 10 18 66 11 19 67

• CWEDGE 10’. 5 11 19 67 12 20 68• C W FOGE 154 5 12 20 68 13 21 69
• CWEOGF 20’. 5 13 21 69 1.. 22 70

CWE DGF 251. 5 1’. 22 70 15 23 71
CWE0GE 30’. 5 15 23 71 16 24 72
CWEOGF 35-. 5 16 24 72 9 17 65
GRID 73 1 1.6000 0 .0000  3 .0000 1 4 56
GRID 7’. 1 1.6000 30 .0000 3 .0000 1 456
GRID 75 1. 1.6000 60.0000 3.0000 1 1.56
GRID 76 1 1.6000 90.0000 3.0000 1 456
GRID 77 1 1.6000135.0000 3.0000 1 456
CR11) 78 1 1.6000180.0000 3.0000 1 456
GRID 79 1 1.6000240.0000 3.0000 1 ‘+56
GRID 80 1 1.6000300.0000 3.0030 1 1.56
CWEOGE 5 5 73 65 17 7.. 66 18
CWEDGE 55 5 7’. 66 18 75 67 19
CWEDGE 10 5 5 75 67 19 76 68 20
CWEDGE 155 5 76 68 20 77 63 21
Cl-lEDGE 205 5 77 69 21 78 70 2?
CWFDGE 255 5 78 70 22 79 71 23
CWEDGE 305 5 79 71 23 80 72 2’.
CW E0CF 355 5 80 72 2’. 73 65 17
CWEDGF 6 5 17 25 73 18 26 7’.
CWEDGE 56 5 18 26 7-. 19 27 75
CWEDGE 106 5 19 27 75 20 28 76
CWEDGE 156 5 20 28 76 21 29 77
CWEOGE 206 5 21 29 77 22 30 78
CWEDGE 256 5 22 30 78 23 31 79
CUEDGE 306 5 23 31 79 24 32 80
Cl-lEDGE 356 5 21. 32 80 17 25 73
CR10 81 1 1.5500 0.0000 4.0000 1 456
GRID 82 1 1.5500 30.0000 4.0000 1 1.56
GRID 83 1 1.5500 60.0000 4.0000 1 ‘.56
GRID 8’. 1 1.5500 90.0000 4.0000 1 ‘.56
GRID 85 1 1.5500135.0000 4.0000 1 456
GRID 86 1 1.5500180.0000 4.0000 1 1.56
GRID 87 1 1.550021.0.0000 4.0000 1 1.56
GRID 88 1 1.5500300.0000 4.0000 1 1.56
CWE OG E 7 5 81 73 25 82 74 26
CWEOGE 57 5 82 7’. 26 83 75 27
CWEOGE 107 5 83 75 27 8’. 76 28
CWEDGE 157 5 84 76 28 85 77 29
CW E DGE 20 7 5 85 7? 29 86 78 30
CWEDGE 257 5 86 78 30 87 79 31
CW EDGE 307 5 87 79 31 88 80 3?
CWFOGE 357 5 88 80 32 81 73 25
CW E OG E 8 5 25 33 81 26 34 82
Cl-lEDGE 58 5 26 34 82 27 35 83
Cl-lEDGE 108 5 27 35 83 28 36 8-.
CWEDGF 158 5 28 36 8’. 29 37 85
CI4EOGE 208 5 29 37 85 30 38 86
CWEOGE 258 5 30 38 86 31 39 67
CW EDG E 305 5 31 39 87 32 ‘.0 88
CWEOCE 358 5 32 ‘.0 88 25 33 81
GRID 89 1 1.5000 0.0000 5.0000 1 456
GRID 90 1 1.5000 30.0000 5.0000 1 456
GR ID 91 1 1.5000 60 .0000  5.0000 1 ‘.56
GRID 92 1 1.5000 90 .0000  5 .0 0 0 0  1 1.56
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GRID 93 1 1.5000135.000C 5.0000 1 456
GRID 9’. 1 1.5000180 .0000  5 .000 0  1 456
GRID 95 1. 1 .500021.0.0000 5 .0000  1 456
GRID 96 1 1 .5 0 0 0 3 0 0 . 0 0 0 0  5 . 0 0 0 0  1 - .56

• C l-lEDGE 9 5 89 81 33 90 82 31.
CWEOGF 59 5 90 82 3.. 91 83 35
CWEDGE 109 5 91 83 35 92 8’. 36
CwEOGE 159 5 92 e’. 36 93 85 37
Cl-lEDGE 209 5 93 85 37 9’. 86 38
CWE9 G~ 259 5 94 86 38 95 87 39
CWEOGF 309 5 95 87 39 96 88 1.0
C l-lEDGE 359 5 96 88 40 89 81 33
CW ECG E 10 5 33 41 89 3’. 1.2 90
CW EOGF 8.0 5 3’. ‘+2 90 35 43 91
CWEDGF 110 5 35 1.3 91 36 44 92
CW EDG r 16-0 5 36 4l. 92 37 45 93
CW E DG~ 210 5 37 ‘.5 93 38 46 9-.
CWEOGE 260 5 38 46 9’. 39 47 95
CWEDGE 310 5 39 ‘+7 95 40 48 98.
CWEDGE 360 5 40 48 96 33 41 89
GRID 97 1 2.0000 0.0000 0.0000 1 456
GRID 98 1 2.0000 30.0000 0.0000 1 456
GRID 99 1 2.0000 60.0000 0.0000 1 456
GRID 1.00 1. 2.0000 90.0000 0.0000 1 1.56
GRID 101 1 2.0000135.0000 0.0000 1 456
GRID 102 1 2.0000180.0000 0.0000 1 ~56
GR ID 103 1 2.0000240.0000 0.0000 1 456
GRID 1.04 1 2.0000300.0000 0.0000 1. ~456
GRID 105 1 2.0000 0.0000 1.0000 1 1.56
GRID 106 1 2 . 0 0 0 0  30 .0000  1 .0000 1 456
GRID 107 1 2 . 0 0 0 0  6 0 . 0 0 0 0  1 .0000 1 456
GRID 108 1 2.0000 90.0000 1.0000 1 1.56
GRID 109 1 2 .0000135 .0000  1.0000 1 456
GR ID 110 1. 2 . 0 0 0 0 1 8 0 .0 0 0 0  1 .0000  1 1.56
GR I D  111 1 2 . 0 0 0 0 2 4 0 . 0 0 0 0  1.0000 1 1.56
GRID 112 1 2.0000300.0000 1.0000 1 ‘+56
CWEDG E 11 5 105 97 4 9  106 98 50
CWEDGE 61 5 106 98 50 107 99 51
CW EOGF 111 5 107 99 51 108 100 52
CWE DG E 161 5 108 100 52 109 101 53
CW EDGF 211 5 109 101 53 110 102 5’.
C l-lEDGE 261 5 110 102 5-. 111 103 55
CWEDGE 311 5 111 103 55 112 104 56
CWE0GE 361 5 112 10’. 56 105 97
CW EOGE 12 5 49 57 105 50 58 106
CWF DG~ 62 5 50 58 106 51 59 107
CWEDGE 112 5 51 59 107 52 60 108
CWEDGE 16? 5 52 60 108 53 61 109
CWEDGF 212 5 53 61 109 5’. 62 110
CW EDG~ 262 5 54 62 110 55 63 111
CI4EDGE 312 5 55 63 111 56 64 112
CWEOG E 36-2 5 56 6’. 112 49 57 105
GR IO 113 1 2 .0000  0 . 0 0 0 0  2 . 0 0 0 0  1 1.56
GRID 114 1 2 .0000  3 0 .0000  2 . 0 0 0 0  1 456
GRID 115 1 2 . 0 0 0 0  60 .0000  2 . 0 0 0 0  1 -.56
GRID 116 1 2 . 0 0 0 0  90 .00 0 0  2 .0000  1 456
GRID 117 1 2 .0000135 .0000  2 . 0 0 0 0  1 ‘.56
GRID 115 1 2 .0000180 .0000  2 .0 0 0 3  1 1.56
GRID 119 1 2 . 0 0 0 0 2 4 0 . 0 0 0 0  2 .0 000  1 1.56
GRID 120 1 2 . 0 0 0 0 3 0 0 . 0 0 0 0  2 .0000  1 456
CW EDG F 13 5 113 105 57 11’. 106 58

• 
. Cl-lEDGE 63 5 111. 106 58 115 107 59

CW EOGE 113 5 115 107 59 116 108 60
CW EDGE 163 5 116 108 60 117 109 61
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CW E DGE 213 5 117 109 61 118 110 62
CW EDGF 263 5 118 110 62 119 111 63
CWEDC E 313 5 119 lii 63 120 112 6’.
CWEDCE 363 5 120 112 64 113 105 57
CWEOGE 1’. 5 57 65 113 58 66 111.
CWEDGE 64 5 58 66 11’. 59 67 115
CWEOGE 11’. 5 59 67 115 60 68 116
C l-lEDGE 164 5 60 68 116 1 69 117
Cl-lEDGE 21’. 5 61 69 117 62 70 118 . -

Cl-lEDGE 264 5 62 70 113 63 71 ‘119
Cl-lEDGE 314 5 63 71 119 6’. 12 120
CWEOGE 364 5 6’. 72 120 57 65 113
GR ID 121 1 2 .0000  0 .0000  3 .0000 1 1.56
GR ID 122 1 2 . 0 0 0 0  30 .0000 3 . 0 0 0 0  1 1.56
GRID 123 1 2 .0000  60 .0000  3 .0000  1 456
GRID 12’. 1 2.0000 90.0000 3.0000 1 1.56
GRID 125 1 2.0000135.0000 3.0000 1 1.56
GRID 126 1 2.0000180.0000 3.0000 1 456
GRID 127 1 2.0000240.0000 3.0000 1 1.56
GRID 128 1 2.0000300.0000 3.0000 1 456
CWEDGE 15 5 121 113 65 122 11’. 66
CWEDGFJ 65 5 122 111+ 66 123 115 67
CUFOGE 115 5 123 115 67 124 116 68
CWEDG E 165 5 12’. 116 68 125 117 69
CWE OG E 215 5 125 117 69 126 118 70
CWEDG E 265 5 126 118 70 127 119 71
CWE O GE 315 5 127 119 71 128 120 72
C l-lEDGE 36-5 5 128 120 72 121 113
Cl-lEDGE 1.6 5 65 73 121 66 7’. 122
CWEDGE 66- 5 66 74 122 67 75 123
CWEOGE 116 5 67 75 123 68 76 12’.
CWE DGE 166 5 68 76 12-. 59 77 125
CWEO G F 216 5 69 77 125 70 78 126
CWE O GE 266 5 70 78 126 71 79 127
CWEDG F 316 5 71 79 127 72 80 128
CWE 1)GE 366 5 72 80 128 65 73 121
CR10 129 1 2.0000 0.0000 4.0000 1. 456
GR ID 130 1 2.0000 30.0 000 4 . 0 0 0 0  1 456
GRID 131 1 2 .0000  6 0 .0000  4 .0000  1 1.56
GRID 132 1 2 . 0 0 0 0  90 .0000  4 . 0 0 0 0  1 1.56
CR10 133 1 2 .0000135 .0000  4 .0000  1 456
GRID 13’. 1 2.0000180 .0000  4 .0000  1 ‘.56
GRID 1.35 1 2 .00002 1.0.0000 4 .0000 1 1.56
GRID 136 1 2.0000300.0000 4 .0000 1 1.56

C l-lEDGE 17 5 129 121 73 130 122 7..
C W E O G E  67 5 130 122 74 131 123 75
Cl-lEDGE 117 5 131 123 75 132 121+ 75
CWE OGE 167 5 132 12’. 76 133 125 77
Cl-lEDGE 217 5 133 125 77 13’. 126 78
CW EOGE 267 5 134 126 78 135 127 79
CUEDGE 317 5 135 127 79 136 128 8’)
CWE0GE 367 5 136 128 80 129 121 73
Cl-lEDGE 18 5 73 81 129 7’. 82 130

• CWEDGE 68 5 7’. 82 130 75 83 131
CWFDGE 118 5 75 83 131 76 8’. 132
CWEDGE 168 5 76 84 132 77 85 133
CWEDGE 218 5 77 85 133 78 86 13’.
CWED GE 268 5 78 86 13’. 79 87 135
CW EDGE 318 5 79 87 135 80 88 136
CW EOGF 368 5 80 88 136 73 81 129
GR ID 137 1. 2 . 0 0 0 0  0 .0000  5 .0000  1 456

• GRID 138 1 2 .0000  3 0 . 0 0 0 0  5 . 0 0 0 0  1 1.56
• GRID 139 1 2.0000 60.0000 5.0000 1 456

GRID 140 1 2.0000 90.0000 5.0000 1 -.56
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GR ID 11.1 1 2 .000 0 135 .0000  5 . 0 0 0 0  1 ‘+56
GR IJ 142 1 2 .0000180 .0000  5 . 0 0 0 0  1 456
GR ID 143 1 2 . 0 0 0 0 2 4 0 . 0 0 0 0  5 .0000  1 456
GRID 1’.’. 1 2.0000300.0000 5.000’) 1 1.56
CW EDG F 19 5 137 129 81 138 130 82
CWE OGF 69 5 138 130 82 139 131 83
CWEDGE 119 5 139 131 83 140 132 8’.
CWEOGF 169 5 11.0 132 84 i’+1 133 85
CWEDGF 219 5 11.1 133 8~i 1’.2 134 86
CW E DGF 269 5 142 13’. 86 143 135 87
Cl- lEDGE 319 5 143 135 87 1’.~. 136 88
CWEDGE 38.9 5 11.’. 136 88 137 129 81
Cl-lEDGE 20 5 81 89 137 82 90 138
CWEDGE 70 5 8• 90 138 83 91 133
CW E DGF 120 5 83 91 139 8’. 92 140
CWEDGE 170 5 8~. 92 140 85 93 141
Cl-lEDGE 220 5 85 93 11.1 8b 94 142
CW E0G~ 270 5 86 94 142 87 95 143
CWE OGE 320 5 87 95 11.3 88 96 14’.
CWEDG’ 370 5 88 95 14’. 81 89 137
GRID 145 1 2.2500 0.0000 0.0000 1 1+56
GRID 1’.6 1 2.2500 30.0000 0.0000 1 1.56
GRID 1’,? 1 2.2500 60.0000 0.0000 1 1.56
GRID 1 2.2500 90.0000 0.0000 1. ‘.56
GRID 11.3 1 2.2500135.0000 0.0000 1 456
GRID 150 1 2.2500180.0000 0.0000 1 456
GRID 1.51 1 ?.2500240.0000 0.0000 1 ‘+56
GRID 152 1 2.2500300.0000 0.0000 1 ‘.56
GRID 153 1 2.3000 0.0000 1.0000 1 456
GRID 1.5’. 1 2.3000 30.0000 1.0000 1 ‘.56
GRID 155 1 2.3000 60.0000 1.0000 1 ‘.56
GRID 156 1 2.3000 90.0000 1.0000 1. ‘+56
G R I D  157 1 2.3003135.0000 1.0000 1 ‘.56

GRID 158 1 2 . 3 0 0 0 1 8 0 . 0 0 0 0  1.0000  1 1.56
GRID 159 1 2. 3 0 0 0 2 4 0 .0 0 0 0  1.0000 1 456
GRID 160 1 2 . 3 0 0 0 300 .00 0 0  1.0000 1 1+56
CWE O G E 21 5 153 11.5 97 154 146 99
C l-lEDGE 71 5 15’. 1~.6 98 155 11.7 99
CWE OGE 121 5 155 11.7 99 156 148 100
CWE DGF 171 5 156 11.8 100 157 11.3 101
CW FOG E 221 5 157 11.9 101 158 150 102
CW EDGE 271 5 158 150 102 159 151 103
CW EDG E 321 5 159 151 103 160 152 10’.
C l-lEDGE 371 5 160 1.52 104 153 11.5 37
Cl- lEDGE 22 5 97 105 153 98 106 15’.
CW FO G F 72 5 98 106 15’. 99 107 155
CWE DG F 122 5 99 107 155 100 108 156
CWE DGE 172 5 100 108 156 101 109 157
CW !DG~ 222 5 101 109 157 102 110 158
CWE DG F 272 5 102 110 158 133 111 153
CWE DG E 322 5 103 111 159 10’. 112 160
CW EOCF 372 5 10’. 112 1.60 9? 105 153
GRID 161 1 2.3500 0 .0000  2 . 0 0 0 0  1 ‘.56
GRID 162 1 2 .3500  3 0 . 0 0 0 0  2 .0 0 0 0  1 ‘+56
GR ID 163 1 2.3500 60 .0000  2 .0000  1 1.56
GR ID 16-. 1 2. 3500 90 .0000  2 .0000  1 ‘.56
GRID 165 1 2 .3500135 .0000  2 . 0 0 0 0  1 1.56
GRID 16-6 1 2 . 3 500180 .0000  2 . 0 0 0 0  1 1.56
GRID 167 1 2.3500240.0000 2.0000 1 ‘.56
GRID 168 1 : .350 03 00 .0 0 00  2 .0000  1 4 56
CW FDG F 23 5 161 153 105 162 154 IOC
CWEDGF 73 5 16-2 151. 106 163 155 107
C l-lEDGE 123 5 163 155 107 16’. 156 106
CW EDGE 173 5 16’. 156 108 165 157 109
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N$WC/WO L TN 77—85

CW EDGE 223 5 165 157 109 166 158 110
CWEDGE 273 5 166 158 110 167 159 111
CWEQGE 323 5 167 159 111 168 160 112
CW EOG€ 373 5 168 160 112 161 153 105
CWEDGF 24. 5 105 113 161 106 11’. 162
CWEDGE 1’. 5 1.06 11’. 16-2 107 115 163
CWEOGE 124 5 107 115 163 108 116 164
CWEDGE 174 5 108 116 16-. 109 117 165
CWED&E 22’. 5 109 11? 165 110 118 166
CW FOG E 274 5 110 118 166 111 119 16?
CW EDGE 32’. 5 111 119 167 112 120 168
Cl-dEUCE 37-. 5 112 120 168 105 113 161
GRID 169 1 2.1.000 0.0000 3.0000 1 456
GRID 170 1. 2.4000 30.0000 3.0000 1 1.56
GRID 171 1 2.1+000 60.0000 3.0003 1 ‘.56
GRID 172 1 2.4000 90.0000 3.0000 1 456
GRID 173 1 2.1.0001.35.0000 3.0000 1 1.56
GRID 174 1 2.4000180.0000 3.0000 1 456
GRID 175 1 2.1.000240.0000 3.0000 1 ‘.56
GRID 176- 1 2 .4000 300 .0000  3 .0000 1 456
CWEDGE 25 5 169 161 113 170 162 111.
CWEDGE 75 5 170 162 11. 171 163 115
CWE D GE 125 5 171 163 115 172 16’. 116
CW EDGE 175 5 172 164 116 173 165 117
CWFOGE 225 5 173 165 117 174 166 118
Cl-lEDGE 275 5 174 166 118 175 167 119
CWEDGE 325 5 175 167 119 176 168 120

• CWEOGE 375 5 176 168 120 169 161 113
CWEDGE 26 5 113 121 169 114 122 170
Cl-lEDGE 76 5 114 122 170 115 123 171
Cl-lEDGE 126 5 115 123 171 116 12’. 172
CWE D G E 176 5 116 121+ 172 117 125 173
Cl-lEDGE 226 5 117 125 173 118 126 171+
Cl-lEDGE 276 5 118 126 17’. 119 127 175
Cl-lEDGE 326 5 119 127 175 120 128 176
Cl-SEDGE 376 5 120 128 176 113 121 169
GRID 177 1 2.4500 0.0000 4.0000 1 456
GRID 178 1 2.4500 30.0000 4.0000 1 ‘.56
GRID 179 1 2.1.500 60.0000 4.0000 1 1.56
GRID 180 1 2.4 500 90 .0000 4 .0000  1 4 56
GRID 181 1 2.4500135.0000 4.0000 1 456
GR ID 182 1 2. 1.500180.0000 4 .0000 1 1.56
GRID 183 1 2. 1.50 0240 . 0000  4 . 0 0 0 0  1 ‘+56
GRID 181. 1 2.1.500300 .0000  4 . 0 0 0 0  1 456
CWEOGE 27 5 177 169 121 178 170 122
CWEDGF 77 5 178 170 122 179 171 123
CW EDG E 127 5 179 171 123 180 172 12-.
Cl-lEDGE 177 5 180 172 124 181 173 125
CW EDGE 227 5 181 173 125 162 174 126
CWEDGE 277 5 182 174 126 163 175 127
CWEDGE 327 5 183 175 127 18’. 176 128
CWEDG E 377 5 184 176 128 177 169 121
Cl-SEDGE 28 5 121 129 177 1.22 1.30 178
Cl-lEDGE 78 5 122 130 178 123 131 179
CWE DGE 126 5 123 131 179 124 132 180
CW EOGF 178 5 124 132 180 125 133 181
CWEDGE 228 5 125 133 181 126 13’. 182
CWEDGE 278 5 126 134 182 127 135 183
C l--SEDGE 328 5 127 135 183 128 136 184
CW EDGF 378 5 128 136 18’. 121 129 17?
GRID 185 1 2.5000 0.0000 5.0000 1 456
G R I D  186 1 2 .5000 30 .0000 5 .0000  1 456
GRID 187 1 2.5000 60.0000 5.0000 1 ‘.56
GRID 188 1. 2.5000 90.0000 5.0000 1 1.56
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NSWCIW0L TN 77—85

CR1!) 189 1 2.5000135.0000 5.0000 1 456
GRID 190 1 2.5000180.0000 5.0000 1 1.56
GRID 191 1 2 . 5 0 0 0 24 0 . 00 0 0  5 . 0 0 0 3  1 4.56
GPID 192 1 2 . 5 0 0 0 3 0 0 . 0 0 0 0  5 . 0 0 0 )  1 1.56

• CWEGGE 23 5 185 177 129 186 178 130
CWE DG F 79 5 186 178 130 187 179 131
C wEDGE 123 5 187 179 131 188 180 132
CW ED G FJ 17-9 5 186 180 132 189 181 133
Cl-S EDG E 229 5 189 181 133 190 182 134
CWEOG’ 279 5 190 182 13’. 191 183 135
CWEDGE 329 5 191 183 135 192 184 136
CWE DGF 379 5 192 18’. 136 185 177 129
CWEDG E 30 5 129 13? 185 130 138 166
Cl-lEDGE 60 5 130 138 186 131 139 187
Cl- lEDGE 130 5 131 139 187 132 140 188

18’) 5 132 140 188 133 141 189
CWFD G F 230 5 133 141 189 134 142 190
CW ED G E 28 ’) 5 13’. 142 190 135 11.3 191
CWEDG~ 33) 5 135 143 191 136 144. 192
CWE3GF 380 5 136 14’. 192 129 137 185
G’~ID 193 1 2.5000 0.0000 0.0000 1 456
GRID 19’. 1 2.5000 30.0000 0.0000 1 456
GRID 195 1 2.5000 60.0000 0.0000 1 456
GRID 196 1 2.5000 90.0000 0.0000 1 456
CCI!) 197 1 2.5000135.0000 0.0000 1 ‘.56
GRID 198 1 2 . 5 0 0 0 1 8 0 . 0 0 0 0  0 . 0 0 0 0  1. 456
GRID 199 1 2 . 5 0 0 0 2 4 0 . 0 0 0 0  0 . 0 0 0 0  1 456
GRID 200 1 2 . 5 0 0 0 3 0 0 . 0 0 0 0  0 . 0 3 0 0  1 456
~~ ID 201 1 2.6000 0.0000 1.0000 1 456
GRID 202 1. 2.6000 30.0000 1.0000 1 456
GRID 203 1 2.6000 60.0000 1.0000 1 456
GRID 204 1 2.6000 90.0000 1.0000 1 456
GRID 205 1 2.6000135.0000 1.0000 1 ‘+56
GRID 206 1 2.6000180.0000 1.0000 1 456
GRID 207 1 2 .6 0 0 0 2 4 0 .0 0 0 0  1.0000 1 456
GRID 208 1 2 .6 000300 .0000  1.0000 1 456
CW EDG E 31 5 201 193 145 202 19’. 1’.6
CWE O GV 81 5 202 19’. 146 203 195 147
CW EDG E 131 5 203 195 14? 204 196 11.8
CWE OG F 181 5 204 196 148 235 197 14.9
CWE DG E 231 5 205 197 149 206 198 150
CWE DGE 281 5 206 198 150 207 199 151
CUE DGE 331 5 207 199 151. 208 200 152
C U E D G E  381 5 208 200 152 201 193 145
Cl-lEDGE 32 5 145 153 201 146 151. 202
Cl-SEDGE 82 5 11.6 154 202 147 155 203
CWE DGE 132 5 147 155 203 148 156 20’.
CWFDGE 182 5 148 156 20’. 11.9 157 205
CWEDGF 232 5 11+9 157 205 150 158 206
Cl- lEDGE 282 5 150 158 206 151 159 207
CW EDG~ 332 5 151 159 20? 152 160 20 8
CW EDG F 382 5 152 160 208 145 153 201
GRID 20 3 1 2 . 70 0 0  0 .0000  2 .0000  1 456
GRID 210 1 2 .7000  30 .0000  2 .0000 1 ‘.56
GRID 211 1 2.7000 60.00t~0 2.0000 1 456
GRID 212 1 2.7000 90.0000 2.0000 1 ‘.56
GR ID 213 1 2 . 7 00 01 35 .0 0 0G 2 . 0 0 0 0  1 ‘.56
GRID 214 1 2.1000180.0000 2.0000 1 456
GRID 215 1 2.7000240.0000 2.0000 1 456
GRID 216 1 2 . 7 0 0 0 3 0 0 . 0 0 0 0  2 .0000  1 1.56
CIIFDGF 31 5 209 201 153 210 202 15’.
C i-IE0GF 83 5 210 202 15.. 211 203 155
CW EDG F 133 5 211 203 155 212 20’. 156
C l-lEDGE 183 5 212 204 156 213 205 157
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NSWC/WOL TN 77—86

Cl-lEDGE 233 • 
5 213 205 157 21’. 206 158

CW F D GE 283 5 214 206 158 215 207 153
CWE DG E 333 5 215 207 159 216 208 160
CWEDGE 363 5 216 208 160 209 201 153
CW EOGE 34 5 153 161 209 154 162 210
CW FDGE 84 5 154 162 210 155 163 211
CWED GE 134 5 155 163 211 156 16’. 212• CWEDGF 18’. 5 156 16’. 212 157 165 213
CWEDGF 234 5 157 165 213 158 166 214
CWE OGE 284 5 158 166 21’. 159 167 215
CWED GE 334 5 159 167 215 160 168 216
CWEDGE 384 5 160 168 216 153 161 209
GRID 217 1 2.8000 0 .0000  3 . 0 0 0 0  1 456
GR ID 218 1 2 . 80 0 0  30 .0000  3 . 0 0 0 0  1 4.56
GR ID 219 1 2.8000 60.0000 3 .00 00  1 456
GRID 220 1 2 . 8 0 0 0  90 .0000  3 .0 0 0 0  1 ‘.56
GRID 221 1 2 .8000 135 .0000 3 . 0 0 0 0  1 456
GRID 222 1 2.8000180.0000 3.0003 1 ‘.56
GRID 223 1 2.80002’.0.0000 3.0000 1 456
GRID 224 1 2.6000300.0000 3.0000 1 456
Cl-lEDGE 35 5 217 209 161 218 210 162
CW EDGE 85 5 218 210 162 219 211 163
CUEDGE 135 5 219 211 163 220 212 16’.

• CWED C E 185 5 220 212 16k. 221 213 165
C WED GF 235 5 221 213 165 222 214 166
Cl-SEDGE 285 5 222 21’. 166 223 215 167
Cl-SEDGE 335 5 223 215 167 224 216 1.68
CW FDG F 385 5 224. 216 168 217 209 161
CWEDGE 36 5 161 169 217 162 170 218
CWF3GE 86 5 162 170 218 163 171 219
CWE DG E 136 5 163 171 219 164 172 220
CW E DG E 186 5 164 172 220 165 173 221
CWFOGE 236 5 165 173 221 166 174 222
CWEDGE 286 5 166 174 222 167 175 223
CWEDGF 336 5 167 175 223  168 176 22 ’.
CWEDGF 386 5 1(~8 176 22’. 161 1.69 217
GRID 225 1 2.9000 0.0000 4.0000 1 456
GRID 226 1 2.9000 30.0000 4.0003 1 456
GRID 227 1 2.9000 60.0000 4.0000 1 456
GRID 228 1 2.9000 90.0000 4.0000 1 456
GRID 229 1 2.9000135.0000 4.0000 1 1.56

GRID 230 1 2 .9000 1 .80 .000 0  4 . 0 0 0 0  1 456
GRID 231 1 2 . 9 0002 4 0 .00 0 0  4 . 0 0 0 0  1 956
GR ID 232 1 2 . 9 0 0 0 3 0 0 . 0 0 0 0  4 . 0 0 0 0  1 456
CWEDGF 37 5 225 21? 169 226 218 170
CWEDG E 87 5 226 218 170 22? 219 171
CW EOGF 137 5 227 219 171 225 220 172
C l-lEDGE 187 5 228 220 172 229 221 173
CWE DGF 237 5 229 221 173 230 222 17’.
Cl-SEDGE 287 5 230 222 17.. 231 223 175
CWEDG E 337 5 231 223 175 232 224 176
CWE DGE 387 5 232 224 176 225 217 169
C l-lEDGE 38 5 169 177 225 170 178 228
Cl-lEDGE 88 5 170 178 226 171 179 227
CWE DG E 138 5 171 179 227 172 160 228
CW FOGE 188 5 172 180 228 173 181 229
C l-SED GE 238 5 173 181 229 174 182 230
CWE DGE 288 5 174 182 230 175 183 231
CWE O GE 338 5 175 183 231 176 184 232
CWE OGF 388 5 176 184 232 169 177 225
GRID 233 1 3 .0000 0 .0000  5 . 0 0 0 0  1 456
GRID 234 1 3.0000 30.0000 5.0000 1 1.56
GRID 235 1 3.0000 60.0000 5.0000 1 456

GRID 236 1 3 .0000  90.0000 5 .0 0 0 0  1 456
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G RID 237 1 3.0000 1.35.0000 5 .0000 1 1.56
GRID 238 1 3.0000180.0000 5.0000 1 1.56
GRID 239 1 3.0000240.0000 5.0000 1 456

• GRID 240 1 3.0000300.0000 5.0000 1 456
• CW E D GE 39 5 233 225 177 234 226 17 8

CWEDGE 89 5 231. 226 178 235 227 179
CWEDGE 139 5 235 227 179 236 228 180
Cl-lEDGE 189 5 236 228 180 237 229 181
CWEDGE 239 5 23? 229 181 238 230 182
CWEDGE 289 5 238 230 182 239 231 183
CWEOG ( 339 5 239 231 183 240 232 184.
CW EDGE 389 5 21.0 232 18’. 233 225 177
CWEDGE 1.0 5 177 185 233 178 186 234• CWEDGE. 90 5 178 186 234 179 187 235
CWEOGE 140 5 179 187 235 180 188 236
CWEDG E 190 5 180 188 236 181 189 237

-

• C~-IEDGE 2’.0 5 181 189 237 182 190 238
CWFOGE 290 5 182 190 238 183 191 239
CWEDGE 340 5 183 191 239 181. 192 21+0
Cl-SEDGE 39 1) 5 184 192 240 17? 185 233
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PROBLEM B-V

PRESCRIBED POINTS AND LINES

The following problem demonstrates the application of prescribed

points and lines in a solid ring . Figure B—36 shows the planned

finite element model and configuration of a solid ring containing

both fixed lines and points. Three options are available to the

user. The first picking both grid point number and grid coordinate,

the second using the program calculated grid coordinate and pinching

the grid number , and the third pinching the grid coordinate and using

the program calculated grid number. The added feature of having

either increasing or decreasing prescribed grid numbers (for lines

only) is also included.

A complete listing of the data input is shown in Figure B—37.

Figure B—38 shows the grid point and element numbers as generated by

JIG. Figure B—39 gives a NASTRAN structural plot and is followed

by a listing of the JIG punched output.
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SAMPLF 5 — FIXED POINTS AND LINES ***
I 1 1 1 50 0 0 1

4 1 4 1 5 5 0 0 0 0 456 0
1 1 () •

r~ 1.5 1 ~ 1 4.0 1.5
5 4 ~~~~~ 3.0 1 1 4 0.5 3.0
7 7 1 7 1
3 2 2.~

. 1.75 0 1 5 2 3.9167 1.75
2 1 1.’~ 1.5 0 1 ‘ 4 1.0 3.0
4 1 2.7c 2.25 0 1

1 ‘~ •“ — 1~~~n 2’~~ 1 4

2 ~ — 1.0 30’~ 1

FIG. 8.37 DATA INPUT PROBLEM B-V PRESCRIBED POINTS AND LINES.
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xx GRID POINT NUMBERS

ELEMENT NUMBERS

/ o_,~~~~ V
2~o 203

FIG. 8.38 GRID POINT AND ELEMENT NUMBERS
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FIG. 8.39 NASTRAN STRUCTURAL PLOT
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B-V PRESCRIBED POINTS AND LINES

•‘ JUNCT ION INPUT GENERATO F PROGRA P (JIG) ‘

~~~~ SAMPLE 5 — FIXED POINTS AND LINES •‘~~

NST 1
NGS 1
NES 1
NPOP I
MID~~ 50
NGP 0
ICELT ~ 0
NSECT I
NT( I) ~ 1 DELTZ( 1) = 0.0000
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I J Z ( I.J)  X (I,J) C0DE (~~,J)

1 1. 0 .00000 1.50000 1
2 1 1.00000 1.50000 1
3 1 2.00000 1.50000 1
4 1 3.00000 1.50000 1
5 1 4.00000 1.50000 1
1 2 .16667 2.00000 1
2 2 1.00000 2 . 0 0 0 0 0  2
3 2 2 .00000 1.75000 2
4. 2 2.95835 1.75000 2
5 2 3.91670 1.75000 1
1 3 .33333 2.50000 1
2 3 1.00000 2.50000 2
3 3 1.93751 2.37502 0
4 3 2.75000 2.25000 2
5 3 3.66667 2 .50000 I
1 I. .50000 3 .00000 1
2 4. 1.00000 3 .00000 1
3 4 2 .00000 3.00000 1
4 4 2.7 5000 3 .00000 1
5 4 3.50000 3.00000 1

GRID 200 0 1.5000 0.0000 0.0000 0 ..56
GRID 201 0 1.5000 0.0000 1.0000 3 ‘.56
GRID 202 0 1.5000 0.0000 2.0000 0 1.56
GR ID 203 0 1.5000 0 .0000 3 .0000 0 456
GRID 1 0 1.5000 0.0000 4.0000 0 ‘.56
GRID 2 0 2.0000 0.0000 .1667 0 ‘.56
GRID 3 0 2.0000 0 .0000 1.0000 0 ‘.56
CTR IARG 1 3 2 200 0 .0000 50
CTR IARG 2 200 201 3 0.0000 50
GRID 1+ 0 1.1500 0.0000 2.0000 0 ‘.56
C T R I A R G  3 4. 3 201 0 .0000  50
CTR IARG 4 201 202 1~ 0.0000 50
GRID 5 0 1.1500 0.0000 2.9584 0 1.56
CTRIARG 5 5 4 202 0 .0000 50
CTRIARG 6 202 203 5 0 .0000 50
GRID 6 0 1.7500 0.0000 3.9167 0 456
CTRIARG 7 6 5 203 0 .0000  50
CTRI ARG 8 203 1 6 0.0000 50
GRID 7 0 2.5000 0.0000 .3333 0 ‘.56
GRID 300 0 2.5000 0.0000 1.0000 0 ‘.56
CTRIA RG 9 300 7 2 0.0000 50
CTR IARG 10 2 3 300 0 .0000 50
GR ID 8 0 2.3750 0 .0 000  1.9375 0 ‘.56
CTRIARG 11 8 300 3 0.0000 50
CTRIARG 12 3 4. 8 0.0000 50
GRID 9 0 2.2500 0 . 0000 2 .7500 0 1.56
CTRIAR G 13 9 8 4. 0 .000 0  50
CTRIARG 14 5 9 0 .0000 50
GR ID 10 0 2.5000 0.0000 3.6667 0 ‘.56
CT R IARG 15 10 9 5 0.0000 50
CTRIARG 16 5 6 10 0.0000 50
GRID 11 0 3 .U000 0 . 0 0 0 0  .5000 0 4.56
GRID 12 0 3.0000 0 .000 0 1.0000 0 ‘.56
CTR IARG 17 12 11 7 0 .0000  50
CTR IA RG 18 7 300 12 0 .0000 50
GR ID 13 0 3.0000 0 .0000 2 .0000 0 ‘.56
CTR IARG 19 13 12 300 0 .0000 50
CTR IARG 20 300 13 0.0000 50
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NSWC/WOL TN 77—86

GRID 11. 0 3.0000 0.0000 2.7500 0 4.56
CTRIA RG 21 14 13 8 0 .0000 50
CTR!ARG 22 6 9 j1 0.0000 50
GRIO 15 0 3.0000 0.00 00 3.5000 0 ‘.56

• CTR IARG 23 15 14. 9 0 .0000  50
• CTR IARG 24. 9 10 15 0.0000 50
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PROBLEM B-VI

TRANSITION

The following problem demonstrates the JIG transition options

for coarse to fine mesh size or vice versa. Figure B—40 shows the

planned finite element model and configuration of a solid cylindrical

ring containing coarse to fine then back to coarse regions. The

NTNT values must be established at the beginning of a section and

• at the end of each transition region. The value NTNT is set equal

to zero for the finest mesh. Then it is increased by one every time

the mesh spacing doubles. Note that at no time can the value of

NTNT be less than zero (NTNT > 0).

A complete listing of the data input is shown in Figure B—41.

Figure B—42 shows the grid point and element identification numbers

as generated by JIG. Figure B—43 gives a NASTRAN structural plot

of the finite element model and is followed by a listing of the JIG

punched output.
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• SAMPLE 6

• 6.0

_ _ _  _ _ _- _ _ _  8 — —

NTNT=1 7

6

5
70

NTNT=O 4

NTNT=1

/\/\/\
:

NTNT=2 J 1  — -
1=1 5 9 13

‘1 
- -__ _ _

FIG. B.40 PLANNED FINITE ELEMENT MODEL AND CONFIGURATION OF A SOLID CYLINDRICAL RING
CONTAINING COARSE TO FINE THEN BACK TO COARSE REGIONS.
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*** SAM PLE 6 — T R A N S I I I O N S  ***
1 1 1 1 7 0 0 1
1

4 1 1 1~ 0 0 ~ 0 0 456 0
1 •1 0.’~ 2.0 1 13 1 6.0 2.0

13 8 6.1 9.0 1 1 8 0.0 9.0
2
3 1
4 0

~ 1

• FIG. 8-41 DATA INPUT PROBLEM B-VI TRANSITIONS
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XX GRID NUMBERS
ELEMENT NUMBERS
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FIG. 8.42 GRID POINT AND ELEMENT NUMBE RS
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FIG. 8.43 NASTRAN STRUCTURAL PLOT
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LIST I NG OF PUNCH ED NASTRAN BULK DATA CARDS
- • PROBLEM B-VI TRANSITION

•‘ JUNCT ION INPUT GENE RATO R PROGRA M (J IG ) ‘-‘

F
•“ SAMPLE 6 — TRANSITIONS ‘~~‘

NST x 1
NGS 1
NES z j

• NPOP = I
MIO~~ 7
NGP 0
IOELT = 0
N SECT 1
NT( 1 ~ I DELTZ( 1) = 0.0000
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I J Z(I,J) X (I,J) CODE (I,J)

1 I 0.00000 2.00000 1
2 1 .50000 2.00000 1
3 1 1.00000 2.00000 1

• 4 I 1.50000 2.00000 1
5 1 2.00000 2.00000 1
6 1 2.50000 2.00000 1
7 1 3.00000 2.00000 1
8 1 3.50000 2.00000 I
9 1 4.00000 2.00000 1

10 1 4.50000 2.00000 1
11 1 5.00000 2.00000 1
12 1 5.50000 2.00000 I
13 1 6.00000 2.00000 1
1 2 0.00000 3.00000 1
2 2 .49999 3.00001 0
3 2 1.00002 3.00004 0
4 2 1.50002 3.00003 0
5 2 2.00002 3.00001 0
6 2 2.50003 3.00003 0
7 2 3.00002 3.00002 0
8 2 3.50002 3.00001 0
9 2 4.00001 3.00002 0

10 2 4.49997 2.99996 0
11 2 5.00002 3.00002 0
12 2 5.49999 2.99999 0
13 2 6.00000 3.00000 1
1 3 0.00000 4.00000 I
2 3 .50001 4.00004 0
3 3 1.00001 4.00006 0
4 3 1.50001 4.00003 0
5 3 2.00003 ‘..00002 0
6 3 2.50003 ‘.00003 0
7 3 3.00001 4.00002 0
8 3 3.50002 4.00003 0
9 3 3.99994 3.99998 0

10 3 4.4~9999 3.99997 0
II 3 5.00001 4.00001 0
12 3 5.50000 3.99999 0
13 3 6.00000 4.00000 1
1 4. 0.00000 5.00000 1
2 4. .50000 5 .00004 0
3 4. 1.00000 5.00004 0
4 4. 1.50001 5.00001 0
5 4 2.00002 5.00002 0
6 1 2.50002 5.00003 0
7 4 3.00003 5.00004 0
6 4 3.50000 5.00000 0
9 4. 4.00000 4.99999 0

10 4. 4.49994 4.99997 0
11 4. 5.00001 5 .00000 0
12 4 5.49999 4.99999 0
13 4. 6.00000 5.00000 1
1 5 0.00000 6.00000 1
2 5 .49999 6 .00002  0
3 5 .99994 5.99998 0
4. 5 1.49996 5.99996 0
5 5 2 .00000  6 .00000  0
6 5 2.5000 1 6 .00002 0
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7 5 2.99999 5.99999 0
6 5 3.49999 5.99997 0
9 5 3.99998 5.99997 0

10 5 4 .49997 5.99995 0
11 5 4.99999 5•~ 9999 0
12 5 5.49999 5.99998 0
13 5 6 .00000 6 .00000 1

1 6 0.00000 7 .00000 1
2 6 .4999 7 6.99997 0
3 6 .99996 6.99995 0
4. 6 1.49997 6.99997 0
5 6 2.00001 7.00002 0
6 6 2.49999 7 .00001 0
7 6 2.99999 6.99998 0
8 6 3.49999 6.99999 0
9 6 3.99998 6.99998 0

10 6 4.1.9998 6.99997 0
11 6 5.00000 7.00001 0
12 6 5.50001 7.00001 0
13 6 6.00000 7.00000 1
1 7 0.00000 8.00000 1
2 7 .49998 7.99998 0
3 7 .99998 7.99998 0
Li 7 1.50001 8.00001 0
5 7 2.00001 8.00002 0
6 7 2.49999 8.00000 0
7 7 3.00000 8 .00 000 0
8 7 3.50 0 00 8 .00000 0
9 7 ~..00000 7.99999 0

10 7 4 .4.9999 7.99998 0
11 7 5.00002 8.00002 0
12 7 5.50000 7.99999 0
13 7 6.00000 8.00000 1
1 8 0.00000 9.00000 1
2 8 .50000 9.00000 1
3 8 1.00000 9.00000 1
4 8 1.50030 9 .00000 1
5 8 2.00000 9 .00000 1
6 8 2 .50000 9 .00000  1
7 8 3.00000 9.00000 1
8 6 3.50000 9.00000 1
9 8 4 .0 0 0 0 0  9 .00000  1

10 8 4.50000 9 .00000 1
11 8 5 .00000 9.00000 1
12 $ 5 .50000  9 .000 0 0  1
13 8 6.00000 9.00000 1

GR ID 1 0 2.0000 0.0000 0.0000 0 1.56
• GRID 2 0 2. 0000 0.0000 2.0000 0 4.56

CR10 3 0 2.0000 0 .0000 4 .0000 0 ‘.56
GR ID 4. 0 2 .0000 0 . 3000  6 .0000 0 456
GR ID 5 0 3 .000 C 0 .0300 0 .0000 0 ‘.56
GR ID 6 0 3 .0000 0.0000 2.0000 0 4.56
CTRIARG 1 5 1 0.0000 7
C T R I A R G 2 1 2 6 0 .0000 7
GRID 1 0 3.0000 0 .0000 4 .0000 0 1.56
CTRI ARG 3 7 6 2 0.0000 7
CTRIARG 4 2 3 7 0.0000 1
CR10 8 0 3.0000 0.0000 6.0000 0
GTR IA RG 5 8 7 3 0 . 0 0 0 0  7
CTR IAR G 6 3 4. ~ 0.0000 7
GR ID 9 0 ‘..0000 0.0000 0.0000 0 ‘.56
GRID 10 0 4 .0001 0.0000 1.0000 0 45ó

• GRID II 0 4 .0000 0 . 0 0 0 0  2 .0000 0 456
CTR IA RG 1 10 9 5 0 .0000 7
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CTR IARG 6 5 6 10 0 .0000  7
CTRIAQG 9 6 11 10 0 .0000  7
GR ID 12 0 4.0000 0 .0 0 00  3.0000 0 4.56
GRID 13 0 4.0000 0.0000 4.0000 0 1.56
CTR IARG 10 12 II 6 0.0000 7
CTRIARG 11 6 7 12 0 .00 90  7
CTR IARG 12 7 13 1. 0.0000 7
GRID 14. 0 4.0000 0.0000 5.0000 0 456
GRID 15 0 4.0000 0.0000 6.0000 0 4.56
CTRIARG 13 14. 13 7 0 .0000  7
CTR IARG 14 7 8 14 0 .0000 7
CTRIARG 15 8 15 1’. 43 .0000 7
GRID 16 0 5.0000 0.0000 0 .0000 0 ‘.56
GRID 17 0 5.0000 0.0000 .5000 0 1.56
GRID 16 0 5.0600 0.0000 1.0000 0 ‘.56
CTRIARG 16 17 16 9 0.0000 7
CTRIARG IT 9 10 17 0 .0000  7
CTRIARG 16 10 18 17 0.0000 7
GRID 19 0 5.0000 0.0000 1.5000 0 1.56
GRID 20 0 5.0000 0 .000 C 2 .0000 0 1.56
CTR IARG 19 19 18 10 0 .0000 7
CTR IA RG 20 10 11 19 0.0000 7
CTR IARG 21 11 20 19 0 .0000  7
GRID 21 0 5.0000 0 .0000 2 .5000 0 1.56
GRID 22 0 5 .0000 0.0000 3.0000 0 456
CTRIARG 22 21 20 11 0 .0000  7
CTR IARG 23 11 12 21 0.0000 7
CTRIA RG 24 12 22 21 0 .0000  7
GR ID 23 0 5.0000 0 .0000 3 .5000 0 456
CR 10 24 0 5 .0000 0 .00 00  4 .0000 0 ‘.56
CTRIA RG 25 23 22 12 0.0000 7
CTR IARG 26 12 13 23 0 .0000 7
CTR IARG 27 13 24 23 0 .0000 7
GRID 25 0 5 .0000 0 .0000  4.5000 0 456
GRID 26 0 5.0000 0 .0000  5.0000 0 456
CTR IARG 24 25 24 13 0 .00 00  7
CTR IARG 29 13 1’. 25 0 .0000  7
CTR IARG 30 14 26 25 0 .0000  7
GR ID 27 0 5 .0000 0 .0 0 0 0  5.5000 0 ‘.56
GR ID 28 0 5 .0000 0 .0000  6 .0000 0 456
CT RIA RG 31 27 26 1’. 0 . 0 0 0 0  7
CTR IARG 32 j4 15 27 0 .0000  7
CTR IARG 33 15 28 27 0 .0000  7
GRID 29 0 6 .0000 0 .0000  0 .0000 0 1.56
GRID 30 0 6.0000 0 .0000 .5000 0 456
CTRIARG 34 30 29 16 0.0000 7
CTRIARG 35 16 17 30 0.0000 7
GRID 31 0 6.0000 0.0000 1.0000 0 1.56
CTRIARG 36 31 30 17 0.0000 7
CTRIARG 37 17 16 31 0.0000 7
GRID 32 0 6.0000 0.0000 1.5000 0 ‘.56
CTRIARG 36 32 31 18 0.0000 7
CTRIARG 39 18 19 32 0.0000 7
GRID 33 0 6.0000 0.0000 2.0000 0 1.56
CTRIARG 40 33 32 19 0.0000 7
CTRIARG 44 19 20 33 0.0000 7
GRID 34 0 6.0000 0.0000 2.5000 0 ‘.56
CTRIARG 42 34. 33 20 0.0000 7
CTRIARG 4 3  20 21 34. 0.0000 7
CR 10 35 0 6.000 0 0.0000 3.0000 0 ‘.56
CTRIARG 4.4 35 -3’. 21 0.0000 7
CTRIARG 45 21 22 35 0.0000 7
GR ID 36 0 6.0000 0.0000 3.5000 0 ‘.56
CTRIARG 46 36 35 22 0.0000 7
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CTR IARG 47 22 23 36 0.0000 7
GR ID 37 0 6 .0000 0 .0000 4.0000 0 456

• CTRIARG 48 37 36 23 0.0000 7
CTRIARG 49 23 24 37 0.0000 7
GRID 38 0 5.9999 0.0000 4.5000 0 1.56

• CTRIARG 50 .36 37 24 0.0000 7
CTRIARG 51 24 25 38 0.0000 7
GRID 39 0 6.0000 0.0000 5.0000 0 1.56

• CTRIARG 52 39 38 25 0.0000 7
CTRI*RG 53 25 26 39 0.0000 7
GRID 40 0 6.0000 0.0000 5.5000 0 1.56
CTRIARG 5L 40 39 26 0.0000 7
CTRIARG 55 26 27 40 0.0000 7
GRID 41 0 6.0000 0.0000 6.0000 0 456

• CTRIARG 56 41 40 27 0.0000 7
CTRIARG 57 27 28 41 0.0000 7
GRID 4.2 0 7.0000 0.0000 0.0000 0 1.56
GRID 43 0 7.0000 0 .0000 .5000 0 456
CTR IA RG 56 43 42 29 0.0000 7
CTRIARG 59 29 30 4.3 0.0000 7
GRID 44 0 7.0000 0.0000 1.0000 0 1.56
CTRIARG 60 44 4.3 30 0.0000 1
CTRIARG 61 30 31 44 0.0000 7
GRID 45 0 7.0000 0.0000 1.5000 0 456
CTRIARG 62 45 ‘.4. 31 0.0000 7
CTRIARG 63 31 32 ‘.5 0.0000 7
CR10 46 0 7.0000 0.0000 2.0000 0 4.56
CTRIARG 64 46 45 32 0 . 0 0 0 0  7
CTRIARG 65 32 33 46 0.0000 7
GRID 4.7 0 7.0000 0.0000 2.5000 0 1.56
CTRIARG 66 47 46 33 0.0000 7
CTRIARG 67 33 34. 47 0.0000 7
GRID 48 0 7.0000 0.0000 3.0000 0 ‘.56
CTRIARG 68 48 ‘.7 34. 0.0000 7
CTRIAR G 69 34 35 ‘.8 0 .00 0 0  7
GR ID 4.9 0 7.0000 0 . 000 0 3.5000 0 1.56
CTRIARG 70 49 4.8 35 0.0000 7
CTRIARG 71 35 36 49 0.0000 7
GRID 50 0 1.0000 0.0000 4.0000 0 1.56
CT R I A R G  72 50 4.9 36 0 .0000 7
CTRIARG 13 36 37 50 0.0000 7
GRID 51 0 7.0000 0.0000 4.5000 0 456
CTRIARG 74 51 50 37 0.0000 7
CTRIARG 75 37 38 51 0.0000 7
GRID 52 0 1.0006 0.0000 5.0000 0 ‘.56
CTRIARG 76 52 51 38 0.0000 7
CTRIARG 77 38 39 52 0.0000 7
GRID 53 0 7.0000 0.0000 5.5000 0 ‘+56
CTRIARG 70 53 52 39 0.0000 7
CTRIARG 79 39 40 53 0.0000 7
GRID 51~ 0 7.0000 0.0000 6.0000 0 1.56
CTRIARG 60 5’. 53 1.0 0.0000 7
CTPIARG 81 ‘.0 ‘.1 5’. 0.0000 7
CR10 55 0 8.0000 0.0000 0.0000 0 1.5b
GRID 56 0 8.0000 0.0000 1.0000 0 1.56
CTRIARG 82 42 1.3 55 0.0000 7
CTRIARG 83 43 56 55 0.0000 7
CTRIARG 64 43 1.’. 56 0.0000 7
CR10 57 0 8.0000 0.0000 2.0000 0 4.56
CT RIAR G 85 44 45 56 0.0000 7
CTRIA RG 86 45 57 56 0 . 0 0 0 0  7
CTR IA RG 87 45 46 57 0 .0000 7
CR10 58 0 8 .0000 0 . 0 0 0 0  3 .0000  0 456
CT RIARG 86 4.6 47 57 0 .0000  7
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CTRIARC 89 47 58 57 0 . 0000  7
CTR IARG 90 ‘.7 ‘.8 5~ 0.0~~)0 7
GR ID 59 0 8 .0000 0 .0000  4 .0000 0 4.56
CTRIARG 91 46 49 58 0.0000 1
CTRIARG 92 49 59 58 0.0000 7
CTR1ARG 93 4.9 50 59 0.0000 7
GRID 60 0 8 .0000 0.0000 5.0000 0 1.56
CTR IARG 94 50 51 59 0 .0000 7
CTRIARG 95 51 60 59 0.0000 7
CTR !ARG 96 51 52 60 0 .0000 7
GR ID 61 0 8.0000 0 .0000 6 .0000 0 456
CTR IARG 97 52 53 60 0 .0000  7
CTR IA RG 98 53 61 60 0 .0000 7
CTR IARG 99 53 54 61 0 .0000 7
GRID 62 0 9. 0000 0 .0000 0 .0000 0 56
GRID 63 0 9.0000 0.0000 1.0000 0 1.56
CTR IARG 100 63 62 55 0.0000 7
CTR ZARG 101 55 56 63 0 .00 0 0  7
GRID 64 0 9.0000 0 .0006 2 .00 00 0 456
CTR IARG 102 6’. 63 56 0 .0000 7
CTR IARG 103 56 57 6’. 0 .0000 7
GRID 65 0 9.0000 0.0000 3.0000 0 ‘.56
CTR IA RG 104. 65 6’. 57 0 .0000  7
CTR TA RG 105 57 58 65 0 . 0 0 0 0  7
GRID 66 0 9.0000 0.0000 4.0000 0 456
CTRIARG 106 66 65 58 0.0000 7
CTRIARG lOT 58 59 66 0.0000 7
GRID 67 0 9.0000 0.0000 5.0000 0 456
CTRIARG 108 67 66 59 0.0000 7
CTR IARG 109 59 60 67 0 .0000  7
GRID 68 0 9.0000 0 .0000 6.0000 0 +56
CTR IARG 110 68 67 60 0 .0000 7
CT RIAR G 111 60 61 68 0 .0000  1
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PROBLEM B-Vu

MPC GENERATOR

The following problem demonstrates the JIG MPC generator . This

feature generates the required NASTRAN MPC cards used to connect

the solid wedge elements to plate elements. In an actual missile,

the joint can be represented by the solid wedge elements and the

shell by plate elements. Therefore the wedge elements can have shell

elements either forward or aft of the joint or on both sides of the

joint. Figure B—44 shows the planned finite element model and con-

figuration of a missile joint. Only one half of the joint was modeled.

Similar type of model preparation would be required if one were to

model both halves of the joint.

A complete listing of the data input is shown in Figure B—45.

Figure B—46 shows the grid point and element identification numbers

as generated by JIG. Figures B-47 and B—48 give two views of the

NASTRAN structural plots of the finite element model and are followed

by a listing of the JIG punched output.
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*** SAMPLE 7 — JOINT W IT H MPC ***
2 1 1 3 10 0 1 1
3 1

• —1.0 0.0
1 1 100
1 0.0 3 90.0

0.0 90.0
1 4.
4 1 3 1 3 0 1 0 1 3 ‘.~ 6 0
4 4.5 2.25
1 1 5.0 4.0 1 3 1 4.0 4.0
3 3 4.0 3.0 1 1 3 5.0 3.0
4 1 3 1 5 1 0 0 1 3 456 1
1
5 1 5 2 5 ~ 1 5 0
1 1 2.0 4.0 1 5 1 u.u 4.0

• 5 3 0.0 3.0 1 1 3 2.0 3.0
1
5 2 0.fl 3.5 1000 1

2456 2456 456 246 246

FIG. 3-45 DATA INPUT PROBLEM B.VII MPC GENERATOR
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• XX GRID POINT NUMBERS AT O°
(XX) GRID POINT NUMBERS AT 45°

ELEMENT NUMBERS FOR 6 =0°~~ 450 SECTO R

28~~) l it)• 
/ ‘ ~~~~~~~~~ ~~ •4/ ~\Z24~~~) ~ ________ ________ 

~ _______
q4 97 / 0 0  /03

~% c~/®/ !A ~i %
‘ !6’ ~~~~ ~~~~

-7 /~~~~ /~~

/ ,, 
A / 2~ / 4’ / , / ~/ / ~ / ~~ ~~, / ~

3 5 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ g -

• (i-) f~) (a) (~~~) 
(~~5) (53) I5~) (71-) (77) (8°) (8 )

FIG. 846 GRID POINT AND ELEMENT NUMBERS
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FIG. 8.47 NASTRAN STRUCTURAL PLOT SHOWING CROSS SECTIONS OF JOINT.
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM B-Vu MPG GENERATOR

‘~ JUNCT ION INPUT GENERATOR PROGRAM (JIG ) •‘
~~.,,. •. .... ~~......,.....c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I..,..

“ SAMPLE 7 — JOINT WITH MPG ‘~~‘

NST 2
NGS I
NES I
NPOP = 3
MI0 = 10
NGP 0
IOELT 1
NSECT = 1
NT( 1) = 3 DELTZ( 1) — 1.0000
NT( 2) 1 OELTZ( 2) = 0 .0300
NOT 1
ICLOSE =

= 100
Kk( 1) = 1 TH ETA ( 1) = 0.0000
KK( 2) 3 T HETA ( 2) = 90.0000
BETA ( 1) = 0. 0000
SETA( 2) = 90.0000
.18( 1) = 1 JEI 1) = 4.
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I J Z(I,J) X (I,J)

1 1 5.00000 4.00000 1 -

2 1 4.50000 4.00000 1
3 1 4.00000 4.00000 1
1 2 5.00000 3.50000 1

• 2 2 4.50003 3.50003 0
3 2 4.00000 3.50000 1
1 3 5.00000 3.00000 1
2 3 4.50000 3.00000 1
3 3 4.00000 3.00000 1
I 4. 4.500 00 2.25000 1

GRID I 1 4.0000 0.0000 5.0000 1 4.56
GRID 2 1 4.0000 45.0000 5.0000 1 456
GR ID 3 1 4.0000 90.0000 5.0000 1 4.56
GR ID 4 1 4.0000 0 .0000 4 .5000 1 456
GRID 5 I 4.0000 4.5.0000 4.5000 1 4.56

• GRID 6 1 4.0000 90.0000 4.5000 1 456
GRID 7 1 4.0000 0.0000 4.0000 1
GRID 6 1 4.0000 45.0000 4 .0000 1 456
GRID 9 1 4.0000 90.0000 4.0000 1 456
GRID 10 1 3.5000 0.0000 5.0000 1 4.56
GRID 11 1 3.5000 45 .0000 5.0000 1 456
GRID 12 1 3.5000 90.0000 5.0000 1 456
GR ID 13 1 3.5000 0.0000 4 .5000 1 456
GR ID 11. 1 3.5000 45.0000 4.5000 1 456
GRID 15 1. 3.5000 90.0000 4.5000 1 456
CWEDGE 1 10 13 10 1 14 11 2
CW E DGE 101 10 14. 11 2 15 12 3
CWEOG E 2 10 1 4 13 2 5 14
CWEOG E 102 10 2 5 1’. 3 6 15
GRIO 16 1 3.5000 0.0000 4 .0000 1 4.56
GRID 17 1 3.5000 4.5.0000 4.0000 1 456
GRID 18 1 3.5000 90.0000 4.0000 1 456
CWEOG€ 3 10 16 13 4 17 14 5
CWEDGE 103 10 17 14 5 16 15 6
CW (OGE 4 10 1

’ 7 16 5 6 17
CWEOGE 104 10 5 8 17 6 9 16
GRID 19 1 3.0000 0 .0000 5.0000 1 456
GRID 20 1 3.0000 45.0000 5.0000 1 456
GRID 21 1 3.0000 90.0000 5.0000 1 4.56
GRID 22 1 3.0000 0.0000 4.5000 I 456
GR ID 23 1 3.0000 45.0000 4.5000 1 4.56
GRID 24. 1 3.0000 90.0000 4.5000 1 4.56

5 10 22 19 10 23 20 11
105 10 23 20 11 24 21 12

CW EOGE 6 10 10 13 22 11 14 23
• CW EDGE 106 10 11 14 23 12 15 24

GR ID 25 1 3.0000 0 .0000 4.0000 1 456
GRID 26 1 3.0000 45.0000 4 .0000 1 456
GRID 27 1 3.0000 90.0000 4.0000 1 4.56
CWEDGE 7 10 25 22 13 26 23 14
CW EDGE 107 10 26 23 14 27 24 15
CW EDGE 8 10 13 16 25 14 17 26
CWEOGE 108 10 14 17 26 15 18 27
GRID 26 1 2.2500 0.0000 4.5000 1 4.56
GRID 29 1 2.2500 45 .0000 4.5000 1 456
GRID 30 1 2.2500 90.0900 4.5000 1 4.56
CWEOGE 9 10 22 28 19 23 29 20

CWEDGE 109 10 23 29 20 24 30 21
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CWEOGE 10 10 25 28 22 26 29 23
CWEOGE 110 10 26 29 23 27 31 24

I J Z(I,J) X (I,J) CODE (I,J)

1 1 4.00000 4.00000 1
2 1 3.50000 4.00000 1
3 1 3.00000 4.00000 1

• 
1 2 4.00000 3.50000 1
2 2 3.50003 3.50003 0
3 2 3.00000 3.50000 1
1 3 4.00000 3.00000 1
2 3 3.50000 3.00000 1.
3 3 3.00000 3.00000 1
1 S 3.500 00 2.25000 1

GRID 31 1 4.0000 0.0000 3.5000 1 456
GR ID 32 1 4.0000 4.5.0000 3.5000 1 456
GRID 33 1 4.0000 90.0000 3.5000 1 4.56
GR ID 34 1 4.0000 0.0000 3.0000 1 4.56

• GRID 35 1 4.0000 45.0000 3.0000 1 456
GRID 36 1 4.0000 90.0000 3.0000 1 456
GRID 37 1 3.5000 0.0000 3.5000 1 456
GRID 36 1 3.5000 45.0000 3.5000 1 456
GRID 39 1 3.5000 90.0000 3.5000 1 456
CWEDGE 11 10 37 16 7 38 17
CWE DGE 111 10 38 17 6 39 18 9
CWED GE 12 10 7 31 37 8 32 38
CWEDGE 112 10 8 32 38 9 33 39
GRID 40 1 3.5000 0.0000 3.0000 1 456
GRID 41 1 3.5000 45.0000 3.0000 1 4.56
GRID 42 1 3.5000 90.0000 3.0000 1 4.56
CWEDGE 13 10 40 37 31 41 38 32
CWEDGE 113 10 41 38 32 42 39 33
CWED GE 14 10 31 34 40 32 35 41
CWEO GE 114 10 32 35 41 33 36 42
GRID 43 1 3.0000 0.0000 3.5000 1 4.56
GRID 44 1 3.0000 45.0000 3.5000 1 4.56
GRID 4.5 1 3.0000 90.0000 3.5000 I 456

• CWEDGE 15 10 43 25 16 44 26 17
CWEDGE 115 10 44 26 17 45 27 18
CWEDGE 16 11) 16 37 43 17 38
CWEDGE 116 10 17 38 4% 18 39 45
GRID 46 1 3.0000 0.0000 3.0000 1 456
GR ID 47 1 3.0000 4.5.0000 3.0000 1 456
GRID 48 1 3.0000 90.0000 3.0000 1 456
CWEDGE 17 10 4.6 43 37 47 44 38
CWEO GE 117 10 47 44 38 48 45 39
CWEDGE 18 10 37 40 46 38 41 47

• CWEOGE 118 10 38 41 47 39 42 48
GRID 49 1 2.2500 0.0000 3.5000 1 4.56
GRID 50 1 2.2500 45.0000 3.5000 1 456
GRID 51 1 2.2500 90.0000 3.5000 1 456
CWEDGE 19 10 43 49 25 4.4 50 26
CWEDGE 119 10 50 26 51 27
CWEDG E 20 10 46 49 43 47 50 44
CWEOGE 120 10 47 50 44 48 51 45

• - I J Z(I,J) X(I,J) CODE (I,J)

• 1 1 3.00000 4~ 0000 1
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2 1 2.50000 4.00000 1
3 1 2.00000 4.00000 1
1 2 3.00000 3.50000 1
2 2 2.50003 3.50003 0
3 2 2.00000 3.50000 1
1 3 3.00000 3.00000 1
2 3 2.50000 3.00000 1
3 3 2.00000 3.00000 1
1 4. 2.50000 2.25000 1

GRID 52 1 4.0000 0.0000 2.5000 1 4.5€
GRID 53 1 4.0000 45.0000 2.5000 1 4.56
GRID 54 1 4.0000 90~0000 2.5000 1 456
GRID 55 1 4.0005 0.0000 2.0000 1 456
GR ID 56 1 4.0000 45 .0000 2 .0000 1 456
GRID 57 1 4.0000 90.0000 2.0000 1 456
GRID 58 1 3.5000 0.0000 2.5000 1 456
GRID 59 1 3.5000 45.0000 2.5000 1 456
GRID 60 1 3.5000 90.0000 2.5000 1 456
CWEDGE 21 10 58 40 34 59 41 35
CWEDGE 121 10 59 41 35 60 42 36
CWEDGE 22 10 3( 52 58 35 53 - 59

CWEDGE 122 10 35 53 59 36 54 60
GRID 61 1 3.5000 0.0000 2.0000 1 456
GRID 62 1 3.5000 45.0000 2.0000 1 4.56
GRID 63 1 3.5000 90.0000 2.0000 1 456
CWEDGE 23 10 61 58 52 62 59 53
CWEDGE 123 10 62 59 53 63 60 54
CWEDGE 24 10 52 55 61 53 56 62
CWEDGE 124 10 53 56 62 5’. 57 63
GRID 64 1 3.0000 0.0000 2.5000 1 4.56
GRID 65 1 3.0000 45.0000 2.5000 1 4.56
GRID 66 1 3.0000 90.0000 2.5000 1 4.56
CWEDGE 25 10 64 46 40 65 47 41
CWEOGE 125 10 65 47 41 66 48 42
CWEDGE 26 10 40 58 64 41 59 65
CWEOGE 126 10 41 59 65 42 60 66
GRID 67 1 3.0000 0.0000 2.0000 1. 4.56
GRID 68 1 3.0000 45.0000 2.0000 1 4.56
GRID 69 1 3.0000 90.0000 2.0000 1 ‘.56
CWEDGE 27 10 67 6’. 58 68 65 59
CWED GE 127 10 66 65 59 69 66 60
CWEDGE 28 10 58 61 67 59 62 68
CWEDGE 128 10 59 62 68 60 63 69
GR ID 70 1 2.2500 0.0000 2.5000 1 456
GRID 71 1 2.2500 1.5.0000 2.5000 1 4.56
GRID 72 1 2.2500 90.0000 2.5000 1 456
CWEOGE 29 10 64 70 46 65 71 47
CWEDGE 129 10 65 71 47 66 72 ‘.8
CWED GE 30 10 67 70 64 68 71 65
CW (OGE 130 10 68 71 65 69 72 66

I J Z(I,J) X (I,J) CODE (I,J)

I 1 2.00000 4.00000 1
2 1 1.50000 4.00000 1
3 1 1.00000 4.00000 1
I. 1 .50000 4.00000 1
5 1 0.00000 4.00000 1
1 2 2 .00000  3.50000 1
2 2 1.50001 3.50001 0
3 2 1.00001 3.50001 0
4 2 .50001 3.50003 0
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5 2 0 .00000  3.50000 2
1 3 2.00000 3.00000 1
2 3 1.50000 3.00000 1
3 3 1.00000 3.00000 1
4. 3 .50000 3 .000 00 1• 5 3 0.00000 3.00000 1

GRID 73 1 4.0000 0.0000 1.5000 1 4.56
GRID 74 1 4.0000 4.5.0000 1.5000 1 4.56
GRID 75 4 .0000 90.0000 1.5000 1 456
GRID 76 1 4.0000 0.0000 1.0000 1 456
GRID 77 1 4. 0000 4 5.0000 1.0000 1 456
GR ID 78 1 4 .0000 90.0000 1.0000 1 4.56
GRID 79 1 4.0000 0.0000 .5000 1 4.56
GRID 80 1 4.0000 ‘.5.0000 .5001) 1 4.56
GR ID 81 1 1..0000 90.0000 .5000 1 4.56
GR ID 62 1 4.000 0.900 0.000 1 2456
GRID 83 1 4.000 45.000 0.000 1 ‘.56
GRID 8’. 1 4.000 90.000 0.000 1 2456
GR ID 85 1 3.5000 0.0000 1.5000 1 456
GRID 86 1 3.5000 ‘.5.0000 1.5000 1 4.56
GR ID 87 1 3.5000 90.0000 1.5000 1 4.56
CWEOGE 31 10 85 61 55 86 62 56
CWEDGE 131 10 66 62 56 87 63 57
CWEOGE 32 10 55 73 85 56 7’. 86
CWFOGE 132 10 56 7.. 86 57 75 87
GRID 88 1 3.5000 0.0000 1.0000 1 456
GRID 89 1 3.5000 45.0000 1.0000 1 456
GRID 90 1 3.5000 90.0000 1.0000 1 4.56
CWEDGE 33 10 88 85 73 89 66 7’.
CW EDGE 133 10 89 86 74 90 87 75
CWEOGE 3’. 10 73 76 86 74 77 59
CWEDGE 131. 10 7’. 77 89 75 78 90
GRID 91 1 3.5000 0.0000 .5000 1 456
GR ID 92 1 3.5000 4 5. 0000 .5000 1 4.56
GR ID 93 1 3 .5000 90 .0000 .5000 1 456
CWEOGE 35 10 91 68 16 92 89 77
CWFDGE 135 10 92 89 77 93 90 78
CWE DGE 10 76 79 91 77 80 92
CWED GE 136 10 77 80 92 78 81 93
GRID 1000 1 3.500 0.000 0.000 1 246
GR ID 1001 1 3.500 4.5.000 0.000 1
GRID 1002 1 3.500 90.000 0.000 1 24.6
CWED GE 37 10 1000 91 79 1001 92 80
CWEOGE 137 10 1001 92 80 1002 93 61
CWEOGE 38 10 79 82 1000 80 63 1001
CWEDGE 138 10 80 83 1001 81 6’. 1002
GRID 9’. 1 3.0000 0.0000 1.5000 1 56
GRID 95 1 3.0000 ‘.5.0000 1.5000 1 456

• GR ID 96 1 3.0000 90.0000 1.5000 1 456
CWEDGE 39 10 94 67 61 95 68 62
CW EO CE 139 10 95 68 62 96 69 63
CW EO GE 40 10 61 85 94 62 86 95
CW EDGE 140 10 62 86 95 63 87 96
GRID 97 1 3.0000 0.0000 1.0000 1 ‘.56
GRID 98 1 3.0000 45.0000 1.0000 1 456
GR ID 99 1 3. 0000 90 . 0000  1.0000 1 456
CW EDGE 41 10 97 94 85 98 95 86
CWEDGE 141 10 98 95 86 99 96 87
CWEDGE 42 10 85 88 97 86 89 98
CWEO GE 142 10 86 89 98 87 90 99
GR ID 100 1 3.0000 0 .0000 .5000 1 4.56 — —
GRID 101 1 3.0000 45.0000 .5008 1 ,56
GRID 102 1 3.0000 90.0000 .5000 1 4.56
CW EOGE 43 10 100 97 86 101 98 89
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CWE OGE 1’.3 10 101 98 89 102 99 90
CWEOGE 44 10 86 91 100 89 92 101
CWEOGE 144 10 89 92 101 90 93 102
GR ID 103 1 3.000 0.000 0.000 I 2456

• GRID 104 I 3.000 45.000 0.000 1 ‘.56
GR ID 105 1 3.000 90.000 0.000 1 2456
NRC 1 82 1 1.000 1000 1 —1 .000
MPC 1 103 1 1.000 1000 1 —1.000
MPC 1 82 3 1.000 1000 5 .500 ‘
• 1 1000 3 —1.000
MPC 1 103 3 1.000 1000 5 —.500 • 2
• 2 1000 3 —1.000
NRC 1 83 1 1.000 1001 1 —1 .090

t NPC 1 104 1 1.000 1001 1 —1.000
NRC 1 83 2 1.000 1001 6 — .500 • 3
• 3 1001 2 —1.000
NRC 1 10% 2 1.000 1001 6 .500 • 4
• 4 1001 2 —1.000
MPC 1 83 3 1.000 1001 5 .500 4 5
• 5 1001 3 —1.000
NRC 1 104 3 1.000 1001 5 — .500 I 6
• 6 1001 3 —1.000
MPC 1 64 1. 1.000 1002 1 —1.000
NRC 1 105 1 1.000 1002 1 —1 .000
NRC 1 8’. 3 1.0 00 1002 5 .500 4 7
+ 7 1002 3 —1.000
MPC 1 105 3 1.000 1002 5 — .500 4 8
• 8 1002 3 —1.000
CWEDGE 45 10 103 100 91 104 101 92
CWEDGE 145 10 10’. 101 92 105 102 93
CWEDGE 46 10 91 1000 103 92 1001 104
CW EDGE 146 10 92 1001 104 93 1002 105
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NSWC/WOL TR 77-85

PROBLEM B-VIII

CURVED BOUNDARY

This problem illustrates the use of the curved boundary o~’~ion.

Figure B—49 shows the planned finite element model and configuration

of a missile nozzle. The outer surface of the nozzle has a constant

radius of 6.5 inches. The inner surface is represented by two third

ordered curves. (see Figure B—49)

A complete listing of the data input is shown in Figure B—SO.

Figure B—5l shows the grid point and element identification numbers

as generated by JIG. Figure B—52 gives the NASTRAN structural plot

of the finite element model and is followed by a listing of the JIG

• punched output.
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•.e SAMPLE 8 — CURVED dOUNDARY “
1 1 1 1 5 0 0 0

0.0
6 1 4 1 16 0 0 0 0 0 2456 0
1 1 0.0 4.5 2 6 1 5.0 2.0 2
4.5 — .375 — .15 .025 0.0 0.0 0.0
16 1 15.0 5.0 1 16 ~ 15.0 6.5
c .o —1.35 .18 — .006 0.0 0.0 0.0
6 4 5.0 6.5 1 1 4 0.0 6.5

FIG. B-SO DATA INPUT PROBLEM BVI II CURVED BOUNDARY
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XX GRIDPOINT NUMBERS
ELEMENT NUMBERS

FIG. 8.51 GRID POINT AND ELEMENT NUMBERS
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_ _

FIG. 8-52 NASTRAN STRUCTURAL PLOT
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LISTING OF PUNCHED NASTRAN BULK DATA CARDS
PROBLEM 8-Vill CURVED BOUNDARY -

•

,•..4... ~~~~~~~~~~~~~ ~ ••• ~~ •~~•••••••• *••••••• ~~~~~~~~~~~~~~~

~~ JUN CTION INPUT GENERATO R PR OGRAM (JIG) •‘
•.•,... . ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~ ••. ... * ....,.,

~~~ SAPPLE 6 — CURVED BOUNDARY “~~

NST : 1
NGS~~ 1
P1ES 1
NPOP = 1.
‘410 = 5
NGP = 0
IDE L T 0
N SE CT = a
NT( 1) 1 DELTZ( 1) = 0.0000

8—128
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• I J 7(I,J) X(1,J) COOE(I,J)

1 1 0.00000 4.50000 1
2 1 1.00000 4.00000 1.
3 1 2.00003 3.35000 1
4 1 3.00000 2.70000 1
5 1 4.00 0 03 2.20000 1

• 6 1 5.GC003 2.00000 1
7 1 6.00030 2.06400 1
8 1 7.0000u 2.31200 1
9 1 6 .000 00  2.64 803 1
10 1 9.00000 3.05600 1
11 1 1Q.0 C003 3.50000 1
12 1 11.OO uOO 3.94403 1.
13 1 12.0000u 4.35200 1
14 1 13 .06000 4.68800 1
15 1 14.0 0003 4.91600 1
16 1 15 .00000 5 .0000 0 1
1 2 3 .00~ 03 5.16667 1

• 2 2 1.00010 4 .80871 3
3 2 2 .00012 4.41625 0
I. 2 3.00002 4.34117 0

• 5 2 4 .000~ 5 3.75669 0
6 2 5.00011 3.62439 0
7 2 6 .00 009 3.64463 0
6 2 7 .00007 3.77120 0

• 2 8.00305 3.97329 0• 1.0 2 9.00006 4.22474 0
11 2 13.00005 4.53092 0
12 2 11.00003 4 .77801 0• 13 2 12.00001 5.033 13 0
14 2 13.0006 1 5.24558 0
15 2 14.00002 5.40047 0
16 2 15.00000 5.50C00 1
1 3 0 .00 00 3  5.83333 1.
2 3 1.00004 5.65176 0
3 3 1.99995 5.46491 0
4 3 2.99995 5.29179 0
5 3 4 .0 000 0 5.16115 0
6 3 5.00003 5.09611 0
7 3 6 .0 00 0 0  5.09668 0
8 3 6 .99°99 5.15481 0
9 3 8 .000 02 5.24921 0

10 3 9 .00003  5.3667 2 0
11 3 1C.0000 2 5.50090 0
12 3 11.00001 5.63397 0
13 3 12 .0 0 0 0 0  5.75695 0
14 3 13.00061 5.86071 0
15 3 14.00002 5.94030 0
16 3 15.00003 6 . 00000 1
1 4 0.00003 6.50000 1
2 4 1.03000 6.50000 1
3 4 2 .0 0000 6 .50000 1
4 4 3 .0000 3 6.50006 1
5 1 4 .00000 6.50000 1
6 4 5.00000 6.50000 1
7 4 6.00000 6.50600 1
8 4 7.00000 6.50000 1
9 4 8.03000 6.50000 1

10 4 9 .00000 6.50000 1
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11 4 IC .0006 )  6 . 5C00~ I
12 4 11.66000 6.5~n3 0  1
13 4 12 .0000 3  6.501.63 1.
14 1 13.0060j 6.50t.0C 1
15 4 i’ .60C0~ 6 .50C0~ 1.
16 4 15.QG~ 00 6.5G~.00 1

GRID I : k.500~ 3.000k 6.3000 0 24.56
GRIC 2 4.OOuC 0.0030 1.0000 0 2456
GRID 3 3.3506 0.0u00 2.0000 ~ 2456
GRID ~. ~ 2.700k o.o0o~ 3.0000 0 2456
GR ID 5 ~ 2.2 0&~ 3 .000L 4 .0 306  3 2,56
GRID 6 ~ 2.0 06 0.0003 5.0360 0 2456
GRID 7 .a 2 ,3 846 0 . 00 03  6 . C03s ~ 3 24 56
GRID P 3 2.312~ 0.3O0.~ 7.0000 0 21.56
GRID 9 3 2.61.84. 6.030~ 8.0006 0 2456
GRID 14 ~ 3.0560 0.03 30 9.0000 0 2456
GRID 11 ~i 3.5066 0.33 0~ ~~~~~~~ ~. 24.56
GRID 12 0 3.9440 J .OuO C 11.0000 ~i 2456
GRID 13 4.352L ..0000 12.0000 0 2456
GRID 14 4.6880 3.0000 13.0000 0 2456
GRID 15 0 4.9160 3•0304. 14.0330 0 2456
GRID 16 .~ 5.0300 J.000M 15.0030 0 2456
GRID 17 5.1667 0.0030 0.0600 6 2456
GRID 18 4.8087 0.300u 1.0001. 0 2456
CTRIAQG 1 1~ 1? 1. 6 .63 00  5F CTRIARG 2 1. 2 18 0.3000 5
GRID 0 4.4162 u.OO uO 2 .00 0 1 0 2.56

• CT PIA~ G 3 13 18 2 0 . 0 0 0 0  5
CTRIARG 1. 2 3 19 ~.0C0u 5

- . GRID 20 0 4 .04 12 0.030 0 3 . 03 00 0 2456
CT RTARG 5 20 19 3 6 .0000  5
CTRIARG 6 3 1. 20 0.0300 5
GR ID 21 3.7567 .000 k 4.0031 3 21.56
CT RIA RG 7 2i. 26 I. 0 .0000  5
CTRTA RG 8 5 21 6.0300 5
GRID 22 .~ 3.6244 0.0030 5.0iOl 0 2456

- CT R IA RG 22 2i 5 0 .0 300 5
CT RIA RG 10 5 6 22 0 . 0 030  5
GRID 23 3.6446 0.06 04. 6 .0031 0 2456
CTRI ARG 11 2~ 22 6 0 .0000 5
CTRIARG 12 6 7 23 0.003u 5
GRID 24 ~ 3.7712 0.0000 7.0001 0 21.56
CT R IARG 13 24 23 7 6 . 0 3 0 0  5
CTRIAPG 1’. 7 8 24 C . C 3 0 ~. 5
GRID 25 ~ 3.9733 0.0036 8.0u~.1 0 2456
CT RIAR G 15 25 24 8 0 .0000 5
CTRIARG 1.6 8 9 25 o .ooOc 5
GR ID 26 .~ 4.2247 O . 0 0 0 ~ 9.0001 3 2456
CT PIA PG 17 26 25 9 6 .00 3 3  5
CTRTA RG 18 g 10 26 0 .63 06  5
GRID 27 0 4.5009 0 . 0 3 0 w  10.6031 3 2456
CT RTA RG 19 27 26 1~ 0 .0 000  5
CT PIA RG 20 10 11 27 0 .63 06  5
GR ID 28 0 4.77 60 0 .000u  11.0000 0 21.56
CT RIA RG 21 28 27 11 o.ooOc  5
CTPT A RG 22 11 12 28 0 .0 036 5
GRID 29 ~ 5.0331 0.0600 12.0060 0 21.56
CT RIAR G 23 29 28 12 0 . 000 0 5
CTRIARG 24 12 13 29 6.0000 5
GRID 3o ~ 5.24 56 6 .0000  13.0000 0 24 56
CT RIARG 25 3~ 29 13 u .00 00  5
CT R IARG 26 13 1’. 36 0 .00 30 5
GR ID 31 0 5 .4065 0 . 003 6  14.0000 3 21.56
CTR TAR G 27 31. 36 14 0 . 0 0 C C  5
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CTR IA RG 28 1’. 15 31 0.0000 5
GRID 32 5.500o 3.0000 15.000u 0 2456
CT R IA RG 29 32 31 15 0 .00 60  5
CT R! A RG 33 15 16 32 6 . 0000 5
GRID 33 3 5.8333 0 .00 0 3  0 .0000 0 2456
GRID 34 ~ 5.6518 G.006~ 1.0000 0 2456
CT RIARG 31 34 33 17 6 .0 300  5
CT R IAR G 32 17 18 3’. 0 .0000 5
GR ID 35 3 5.4649 0 . 0 0 0 0  2 .0000 3 24 56
CT R IARG 33 35 3’. 18 6 .0000 5
CTR !ARG 34 18 19 35 0 .00 00 5
GRID 36 4. 5.2918 0.0000 2.9999 3 2456
CT RIAR G 35 36 35 19 0 .000 0  5
CT RIAR G 36 19 23 36 0.C~~00 5
GRID 37 0 5.1611 0.0333 4.0006 0 2456
CTP IA RG 37 3? 36 20 0.06 06 5
CT RIA RG 38 22 21 37 0 . 0 000 5
GRID 38 0 5.0961 0.00 00 5.0600 0 2456
CTR IARG 39 38 37 21 0.0030 5
CT R TA R G 40 21 22 38 u .0000 5
GR ID 39 0 5.3989 0 .000 0  6 .0000 0 24 56
CT R IAR G 41 39 38 22 0 .06 00  5
CT RIA RG ‘.2 22 23 39 0 .0 00 3  5
GRID 40 0 5.1548 0.0000 7.0000 0 2456
CTRTA RG 43 40 39 23 0 .00 30  5
CT RIAR G 4’. 23 24 ‘.3 0 .0300  5
GRIP 41 0 5. 2492 0 .0030  8.0000 0 2456
CTR IARG ‘.5 41. 43 24 0.0000 5
CTRIARG 46 2’. 25 41 0 .0336 5
GRID 4? 0 5.3687 0.00 30 9.0000 0 2456
CTR IARG 47 42 41 25 u.3000 5
CTRIARG 48 25 26 42 0.0000 5
GRID 43 5.5009 0.050u 10.0030 0 2456
CTRIARG 49 43 ‘.2 26 0.0066 5
CTRIARG 53 26 27 43 0.0000 5
GRID 44 5.6343 0.0000 11.0000 0 2456
CTRIARG 51 4’. 43 27 0.0060 5
CT R IA~ G 52 27 28 44 0.00 00 5
GRID 45 ~ 5.757~ 0.0036 12.0000 0 21.56
CTRIARG 53 45 41. 28 0.0000 5
CTRIA P G 5’. 23 29 45 0.0036 5
GRID 46 0 5.8667 0.000u 13.0000 0 2456
CTRIARG 55 45 ‘.5 29 0.0000 5
CTRIA RG 56 29 30 1.6 0.0006 5
GRID 47 , 5.94~ 3 0.0000 14.0000 0 2456
CTRIA RG 57 47 46 30 0.0000 5
CTPTARG 58 3~ 31 1.7 6.0000 5
GRID ‘.8 3 6.000o 0.0606 15.0000 0 2456
CIPIARG 59 ‘.8 47 31 0.0000 5
CTRTARG 63 31. 32 48 0.0000 5
GRID 49 3 6.5060 0.3ij~~u 6.0000 0 21.56
GRID 53 0 6.5000 0.0000 1.0000 0 2456
CTRIARG 61 5) 49 33 0.0006 5
CTRIARG 62 33 34 53 0.0300 5
GRID 51 6.5000 0.0000 2.0000 0 2456
CTRIARG 63 51 Si. 3’. 0.0600 5
CT R IAR G 61. 34 35 51 0 .00 00 5
GR ID 52 3 ~S .5 006 3 .000 o 3. 0000 0 24 56
CTR IA RG 65 52 51 35 0 . 0 0 0 0  5
CT RIARG 66 35 36 52 0 .0 300 5
GR ID 53 0 6 .5300 0 .0000 4 .0000 u 2456

• CT C IARG 67 53 52 36 0 .0 0 00  5
CT RIA RG 68 36 37 53 0 .0 0 00  5
GR ID 5’. 6.50 00 3 .0000  5 .0006 C 2456
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CT RIAR G 69 51. 53 37 0 .0000 5
CY RIA RG 70 37 38 5’. 0 .6 0 00  5
GR ID 55 0 6 .5000 ~.3000 6.030 0 0 24 56
CTR IA RG 71 55 54 38 0 . 00 06  5
CTRIAR G 72 38 39 55 C.0000 5
GRID 56 3 6.530.~ 0.0000 7.0000 0 2456
CTRIARG 73 56 55 39 0.0000 5
CTRIARG 74 39 40 56 0.6000 5
GR ID 57 3 6 .5000 0 .0000  8 .0000 0 24 56
C TRIA RG 75 57 56 ‘.3 0 .0003 5
CT RTA RG 76 1.3 41 57 0 .0000 5
GRID 58 1 6.5000 0.0003 9.0000 3 2456
CTRIARG 77 58 57 41 0.0000 5
CTRIARG 78 41 42 56 0.0000 5
GRID 59 3 6.5000 0.0003 10.0000 0 2456
CT R IARG 79 59 58 42 0 .0000  5
CT R TA RG 80 1.2 43 59 0 .000 0  5
GRID 63 0 6.5000 0.0030 11.0330 3 21.56
CTRIARG 81 6 59 43 0.0000 5
CTRIAR r. 82 43 44 63 0 .0 000 5
GRID 61 0 6.5300 0.0300 12.0000 0 2456
CTRTARG 83 61 60 1.1. 0.0006 5
CTRIARG 61. 4’. ‘.5 Si 0.6003 5
GR ID 62 0 6 .50C~ 0.0000 13.0000 0 24 56
CT~ IARG 85 62 61 45 0.03CC 5
CT R TARG 86 45 46 62 0.00 00 5
GRID 63 0 6.5003 0.0030 1.4.0300 0 2456
CT R IA RG 87 63 62 46 0 .0000 5
CTR!ARG 88 1.6 47 63 0.0000 5
GRID 61. 0 6.500u 0.0630 15.0000 0 2456
CTRIARG 69 64 63 47 6.0000 5
CTRIARG 96 ‘.7 48 64 0.0006 5
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