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1.0 INTRODUCTION
INPUTB is a program for interpolation in both space (2-dimensional or 3-dimensional)
and time. It is based on a linear interpclation s‘chem‘e using simplex spatial regions
(triangles and tetrahedra). INPUTB was developed mainly to provide data interfacing
between the output from thermal analyzers and the input to the BOPACE 3-D (Boeing
plastic analysis capability for 3~dimensional solids using isoparametric finite elements)
program. The INPUTB inferpolator is of a quife general nature, however, and could
be used effectively for other tasks (with appropriate changes in input/output formats,

if necessary).

The INPUTB program utilizes temperature values which are given at some sequence of
times for a list of strategically located "thermal nodes.” It operates on these values

by performing a double interpolation (in time and space) to provide temperature values
at another desired sequence of times for a list of "structural nodes." The thermal/

structural interface procedure is shown in Figure 1-1.

INPUTB is written in FORTRAN IV and is available on both the 1BM 360/370 and the
UNIVAC 1108 machines. The program has a core storage requirement of 30K words, and

it presently has a capability for handling 1000 structural nodes and 500 thermal nodes.

The INPUTB document consists of three major parts:

PART | Theoretical Manual
PART 1| User Manual
PART 111 Programmer Manual

Recognition is due to Curt Whiting for his work in preparafion of example problems,

and in debugging of the program.
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2.0 INPUTB INTERPOLATION THEORY

INPUTB performs a double interpolation in time and space, to convert data associated
with one sef of times and spatial locations (i.e., thermal node data) to data associated
with another set (i.e., structural node data). In order to progressively develop the
necessary concepfs, the timewise interpolation is discussed first, followed by: discussions

of the 2-dimensional and 3-dimensional spatial interpolation.
2.1 TIMEWISE INTERPOLATION

The interpolation in time is a simple linear, 1-dimensional scheme. Given the tempera-
ture of a point at a sequence of "thermal times, fwo of these times are used to compute
the temperature at each desired "structural® time. The two thermal f-imes,,of course,
must be those nearest to the structural time, such that the first is less than or equal to,

"and the second is greater than or equal to, the structural time.
2.2 - SPATIAL 2-DIMENSIONAL INTERPOLATION

The 2-dimensional interpolation scheme is illusirated by Figure 2-1. There the open
circles represent thermal nodes with given temperature values, and. the closed circle

(point N) represents one of the structural nodes at which the temperature must be computed.

In general, three thermal node points must be selected (Forming an enclosing triangle
around the structural node) in order to accomplish an exact linear interpolation. The
sequence for selecting these three points is as follows:

1. Find point 1 as-the thermal ncde closest to N.

2. Locate point 2 as the next closest thermal node such that the smaller angle
between lines N-1 and N-2 is greater than 90°. (The restriction on the
angle is necessary to avoid possible selection later of the third point such

that a long narrow triangle would be formed. Note it also ensures that o
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perpendicular from N to the line 1-2 will pass between points 1 and 2).

3. Locate point 3 as the next closest thermal node such that N is enclosed
within the trigngle 1-2-3. (A necessary and sufficient condition for satisfying
this requirement is that the three vector cross products N-1 X N-2, N-2 X N-3,

and N-3 X N-1, oll have the same direction),

The structural node N divides the triangle into three triangular sub-areas Ay, Ag, and
Aj, with total area of the triangle defin;d by A=A+ Ag + A3. Interpolation weighting
factors are then defined by Wy = Ay/A, Wy = A2/A, and Wa = A3/A, so that W1 +

Wo + W3 =1, Finally, the temperature Ty at point N is computed b
2 3 P N 9P P Y

TN= Wi T +Wo To+ W3 Ty (2-1)

where T; is the temperature of the i th thermal node forming the triangle.

in case a third thermal node is not found to form an enclosing triangle, a perpendicular
is defined from N to the [ine 1-2, infersgc’ring 1-2 at say point NY. The weights W}
and W2 are then computed as the distances from N to points 2 and 1, respectively,
divided by the length of line 1-2. Ty can then again be computed from Equai‘ion-Z-]
(INPUTB lfogic in this case sets W3 =0, and assumes node 3 = node 1). In case a
second node is also not found according to the above selection procedure, INPUTB

logic sefs W2 = W3 =0, and assumes node 2 = node 3 = pnode 1, and again makes use of

-Equation 2-1.



o

Figure 2-1. 2-Dimensional Spai‘fal Interpolation

O

Figure 2-2, 3-Dimensional Spatial Interpolation
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2.3 SPATIAL 3-DIMENSIONAL INTERPOLATION

The 3-dimensional interpolation scheme is similar to the 2~dimensional scheme, except
that tetrahedra rather than triangles are involved. As shown by Figure 2-2, the open
circles again represent thermal nodes with given temperature values, and the closed

circle (point N) represents a structural node at which the i'e‘mperafure must be computed.

Four thermal node points must now be selected to form an enclosing tetrahedron around
the structural node in order to accomplish an exact linear interpolation. The sequence for

selecting these four points is as follows:
1. Find point 1 as the thermal node closest to N,

2; Locate point 2 as the next closest thermal node such that the smaller angle between

Iines N=1 and N-2 is greater than 90°,

3. Locate point 3 as the next closest thermal node such that a perpendicular from N
to the plane 1-2-3 intersects this plane within the triangle 1-2-3. (A vector S is
defined normal to the plane 1-2-3. The requirement is satisfied if the three vector
dot-cross products.S * (N=1 x N-2), S - (N-2 x N-3), and S - (N-3 x N-1),

all have the same sign.)

4, Locate point 4 as the next closest thermal node such that N is enclosed within the
tetrahedron 1-2-3. (A necessary and sufficient condition for satisfying this require-
ment is that the four vector dot-cross products  =N-1+{N-3 x N-4), + N-2:(N-4 x N-1),

~N-3+(N-1 x N-2), and + N-4-(N-2 x N-3), all have the same sign.)
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The structural node N divides the tetrahedron into four tetrahedral sub-volu;:ﬂes, Vi,

Vo, V3, and Vy, with total volume of the tetrahedron defined by V=V + V2 + V3 +Vy
(V; is the volume of the tetrahedron opposite node point i). Interpolation weighting factor:
are then defined by W; = Vi/V, Wo =Vo/V, Wg = V3/V, and Wy = V4/V, so that

Wi + Wy +Wa + Wy =1. Finally the temperature Ty of point N is computed by

TN = W-IT] + W2T2 +WgT3 +W4T4 ‘ (2-2)
where T; is the temperature of the i th thermal node forming the tetrahedron.

In case a fourth thermal node is not found to form an enclosing tetrahedron, point N is
projected perpendicularly onto the 1-2-3 plane, and the 2-dimensional interpolation
scheme using friangle 1-2-3 is employed. In case a third or second node is also not found,

INPUTB logic again proceeds as discussed for 2~dimensional interpolation.
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3.0  PROGRAM FLOW

The major steps accomplished during an INPUTB run are shown in the main program flow
summary of Figure 3~1. Step 1 reads input/output file unit number, and allows for printed
and/or punched output. READM and READMT read the structural and thermal mesh

{node locations) respectively, with structural nodes given in BOPACE 3-D formot.

Step 4 reads a series of thermal node temperature vectors, corresponding fo a given
sequence of times. In step 5, the major interpolation logic is employed, as discussed in
Sections 2.2 and 2.3, to select four thermal nodes and compute associated weighting
factors, for each structural node. The four nodes and we ighting factors are then stored,
so that they can later be used fo give interpolated structural node temperatures at each
desired time. In step 6, the interpolation is actually performed, using these stored values
and the thermal node time-temperature vectors read in Sfep_4. Muitiple problems may be -

executed during a single program run.
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1 CALL READQ FOR PROBLEM I.D. AND
FILE UNIT NUMBERS

A4

2 CALL READM FOR
STRUCTURAL NODE LOCATIONS

!

3 CALL READMT FOR
THERMAL NODE LOCATIONS

l

4 CALEL READT FOR
THERMAL NODE TIME-TEMPERATURE VECTORS

Y

5 CALL COMPW TO SELLECT FOUR THERMAL
NODES AND COMPUTE ASSOCIATED WEIGHTING FACTORS
FOR EACH STRUCTURAL NODE

L

6 CALLTCOMP TO DO INTERPOLATION, SETS
STRUCTURAL NODE TEMPERATURES USING
THERMAL NODE TIME-TEMPERATURE YECTORS
AND WEIGHTING FACTORS ’

Figure 3-1. Main Problem Flow
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4.0 SUMMARY OF INPUTB INPUT DATA

A pictorial of the INPUTB input deck is shown in Figure 4-1. The input data consists

of the following two general types.

Type C: Data on the usual card file.
Type It Daia on File . These include almost afl of the input data. File |

is defined by the user so that his data can be input via cards, tape, etc.

The data included on these files are described below. Formats are consisfent with
FORTRAN 1V conventions.

C-1. Start code and file unif numbers:

. Insert the code "START".
b. Unit number for file 1. (Must be given).
C. Unit rumber for first output file (e.g., printer). (If not given, this

file will not be output.)
d. Unit number for second output file {e.g. punch).  (If nof given, this
file will not be output.)
Format (A4, &6X, 315)
-1. Problem 1.D. title {any 80 characters).
Format (20A4).
-2 Structural node location data (BOPACE 3-D format). For each siructural node
give node |.D. number, identification number of coordinate system to define

focation (=0, 1 or 2), coordinates X=Y-~Z (or R-©-2Z or R-O- @), and
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C-2 FINAL BLANK CARD

-6 STRUCTURAL TIMES

INPUTB

INPUT DECK -4 THERMAL NODE

TEMPERATURE DATA

I-3 THERMAL NODE

DEFINITIONS
I-2 STRUCTURAL NODE
DEFINITIONS |V noOTE:
C IS CARD FILE
I-1 PROBLEM I.D. TITLE / | IS CARD OR TAPE FILE
C-1 START CODE AND FILE =
UNIT NUMBERS

Figure 4-1. INPUTB Input Deck Setup

X
a) BASIC CARTESIAN X-Y-Z

0 IN X-Y PLANE
8 IN X-Y PLANE

|
R ] ¢ IN R-Z PLANE
1
¢ L7
/
8 -

! -~
X —X
b} CYLINDRICAL R-G-Z ¢} SPHERICAL R-0-¢

Figure 4-2, Coordinate Systems
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identificafion number of coordinate system to define displacements

(=0, 1, 2 or other). (Coordinate: ideni”ific:c:f-ion number O specifies the basic
Certesian system, 1 specifies the.busic spherical system, and 2 specifies a
special Cartesian system. Note: The displacement coordinate system 1.D. is
part of the BOPACE format, but is simply read and printed by INPUTB; also,
for @ 2-dimensional problem, the third coordinate is input as b]cnkpor zero.

The basic coordinate systems are illustrated in Figure 4-2.)

Format (215, 3F10. 0, 15)

Blank card after last structural node.,

Thermal node location data. For each thermal node give node 1.D. number,
identification number of coordinate system to define location (=0, 1or2),
coordinates X-Y~-Z (or R-O-Z or R-6~d). (For a 2-dimensional problem, the
third coordinate is input as blank or zero.) User has option of one or two

thermal nodes per card.

Format (2 (215, 3F10.0))

Blank card after last thermal node.

Thermal node time-temperature data.

a. Number of thermal times (22), initial default temperature.
Format (110, F10.0)

b. Time-temperature vectors. For each vector:

Time

Format (F10.0)
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Thermal node temperatures. For each node give node 1.D. and temperature.
User has option of from one to Fou.;r fhern"uol nodes per card,
Format (4(110, F10.0))

Blank card after last value of each vector,

Note: If temperature is not given for any node, it is assigned a value by the
program. For the first thermal time, this value is the default temperature
in input item [~4, For later times,-if is the value from the preceeding.

fimEa

[=5.  Structural times. Give time value for each time at which interpolated structural

temperature output is desired.

Format (F10.0)

Aftrer last structural time, insert a card with an integer 9 in column 20.
C-2  Blank card after last problem. (Multiple problem data sets are run consecutively,

by stacking each data behind the prévious one).
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5.0 SUMMARY. OF QUTPUT

The description of INPUTB output is here divided into two parts. The first covers output
which is primarily an echo check of the input data and also includes some intermediate
calculated results. This output is contained only on the first output file (UOUTT).

The second part of the output consists of the final interpolated structural results to be
used with BOPACE. This output is contained on both the first and second output files

(UOUTI and UOUT2).

5.1 ECHO CHECK OF INPUT DATA, AND INTERMEDIATE RESULTS

Title - The first page of INPUTB output for a problem contains the 80-character

problem [.D. title input as item I-1,

Structural Node Definitions - The information given in input item |~2 is printed. Values

are the structural node number, node 1.D., location coordinate system number
(0 = basic Cartesion, 1 = basic cylindrical, 2 =basic spherical), the location coordinates’
(X-Y~Z, R~B-Z, or R-©-®), and the direction coordinate system number (0 = basic

Cartesian, 1 = basic cylindrical, 2 = basic spherical, >2 =1[.D, of special system).

Thermal Node Definitions - The information given in input item 1-3 is printed. Values

are the thermal node number, node 1.D., location coordinate system number (0 = basic

Cartesian, 1 = basic cylindrical, 2 = basic spherical) and the location coordinates

(X-Y-Z, R-©-Z, or R-O-D),
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Thermal Node Time - Temperature Vectors - The information given in input item I-4 is

printed, First the number of thermal times (temperature vectors) is printed, along with the
initial default temperature. Then for each given thermal time is printed the time value,
. followed by the list of node 1.D.'s and associated temperature values for each specified

node.

Infermediate Interpolation Results ~ This output is provided for the user so that he may review,

if desired, the thermal nodes and corresponding interpolation weighting factors which

are associated with each structural node. Values printed are the structural node 1.D.,

and associated four thermal node point 1.D."s and corresponding weighting factors. If

only three thermal nodes were‘ used to inferpolate femperc[‘ure; for a particular structural
node, then the fourth weight is printed as zero and the fourth thermal node point is printed.
equal to the first. Similarly if only two thermal nodes were used, the i:hird weight is

also printed as zero and the third thermal point is also printed equal fo the first. If only
one thermal point could be used, all weights but the first are printed as zero and all thermal
points are printed equal to the first.

5.2 FINAL RESULTS

These are the final interpolated structural temperatures at each specified structural

time, and are written onto both the first and second output files, in BOPACF format.

For each structural time the time value is printed on the first line or card (with the
remainder of the card filled with asterisks o help the user identify the first card).
Following this, is the vector of siructural node 1.D.'s and corresponding temperature

values, for all structural nodes. At the end of each vector is printed a blank card as

required for direct input to BOPACE,
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6.0 SIZE LIMITATIONS

1he following variables are used to specify maximum size limitations in INPUTB. The

values set for these variables are given in Table 6-1.

NMA X2 = maximum number of structural nodes.
NMAX4 = maximum structural node 1.D, number.
NMAX52 = maximum number of thermal nodes.
NMAX54 = maximum thermal node 1.D, number.
NMAX8B] = maximum number of thermal node times.

TABLE 6-1:  INPUTB MAXIMUM SIZE LIMITATIONS

VARIABLE VALUE
NMAX2 1,000
NMAX4 - 5,000
NMAX52 500
NMAX54 ' 2,500
NMAX81 100
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7.0 INPUTB ERROR MESSAGES

INPUTB uses the FORTRAN STOP codes described in this section to indicate error conditions

which may occur during execution of the program. The following are explanations of the

A

error STOP codes, listed by subroutine in which they occur.

READCO
9999 Normal program exit (not an error) caused by reading final blank card after
all problems are run.
READM
701 Structural node 1.D, exceeds maximum.
702 [.D. of a structural node location coordinate system-not equal to 0, 1 or 2.
704 Number of structural nodes exceeds maximum.
705 No structural nodes input.
READMT
801 Thermal node 1.D. exceeds maximum.
802 [.D. of a thernal node location coordinate system not equal t0 0, 1 or 2.
804 Number of thermal nodes exceeds maximum.
805 No thermal nodes input.
READT
901 Undefined thermal node 1,D. used to specify temperature at a thermal time.
902 Number of thermal times is less than 2 or exceeds maximum.
TCOMP
1001 Structural time is outside range of thermal times, or times are not in

increasing order.



8.0 EXAMPLE PROBLEMS

The example problems provided are intended to familiarize the user with the INPUTB
program. Two problems are provided, a 2-dimensional problem which introduces INPUTB
in a more easily visualized 2-dimensional format, and a 3-dimensional problem which

performs essentially the same functions in three dimensions.



8.1 " 2-DIMENSIONAL PROBLEM

The mesh used in this problem is shown in Figure 8.1-1. The closed circles correspond
fo the structural nodes and the open circles to the thermal nodes. Temperature values,

af TIME = 1.0, were assigned to the thermal nodes using the equation:

T =50 - 100y

A listing of temperature values is shown in Table 8.1-1,

Certain precautions were taken in arriving at input data for this example problem, in
order to most effectively illusirate the inferpolation procedure, and fo guarantee that
identical results would be obtained on different computer systems in the presence of
small roundoff errors. For these reasons it was important that certain thermal points
should not coincide exactly with any structural points, and that two thermal nodes and
a structural node should not lie on the same line. [t was also important that each
structural node be enclosed within a triangle formed by three thermal nodes, which,
although not always possible, increases ’rhe_qccurc:cy of the interpolation. Of course,
the user running an actual problem needs to be less concerned with precautions such as

those described here.
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Figure 8.1-1. 2:D Probfem Mesh
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® STRUCTURAL NODES
O  THERMAL NCDES

Table 8.1-1. Thermal Node Temperatures for 2-0D Probfem at Time = 1.0*

Node Temperature Node Temperature
1 50 20 0
2 0 9 ~250
3 125 10 -200
4 175 8 - 75
5 50 1k -150
6 ~125 40 - 50
7 - 75 12 -325
15 -1256 13 -300
30 75 14 ~-175

*Note: Default Temperature at time 0.0 = 25.0.
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8.2 - 3-DIMENSIONAL PROBLEM

The structural network for this problem consists of three parallel planes, with the structural
grids stacked one on top of the other, as-shown in Figure 8.2-1. The arrangemént of the
nodes on each respective plane is shown in Figure 8,2-2., The closed circles correspond
to the structural nodes and the open circles to the thermal nodes. The temperature values
at TIME = 1.0 were assigned to the thermal nodes using f'he equation:

T=50x - 100y + 50z

A listing of the temperature values is shown in Table 8.2-1.

The:same precautions were taken when formulating input data for this example problem as
were faken for the 2-dimensional example, with additions being made for a 3-dimensional

format.

Thermal nodes were placed on levels .999, 1.999, and 3.001 so that thermal nodes and
structural nodes would always be in different horizontal planes. These steps were utilized
in order to avoid any inconsistencies in output data due to roundoff on different computer

systems,

It was also necessary to try fo place the thermal nodes in such a way that each structural
node was enclosed within a tetrahedron formed by four thermal nodes. When this condifion
could not be met the program would substitute the node found for point one in place of

the ;nissing poinis. This case is evident for nodes 12, 13, 30, etc., in the output data.

8.2-1
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Figure 8.2-1. 3-D Problem Geometry Definition

Table 8.2-1. Thermal Node Temperatures for 3-D Problem at Time = 1.0*

Node Temperature Node Temperature
1 24.95 15 124.95
2 25.05 16 -100.10
3 - 75.05 17 75.00
4 0.00 18 ~ 75.10
B 62.45 19 - 25.15
6 -124.95 20 -150.00
7 - 75.05 21 175.15
8 -175.15 22 75.05
9 - 75.15 23 25.05

i0 25.50 24 - 50.00
11 174.95 25 60.10
12 175.10 26 -174.95
13 - 0.05 27 -124.95
14 25.0

*Note: Default temperature at time 0.0 = 0.0.

8.2-2
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INPUTB CHECKOUT PROBLEM (3-D MESH)

START 5
10 0 1.000
11 0 2.00¢C
12 0 3.000
13 0 1.000
14 0 2.000
15 1 3.606
16 0 1.000
17 2 3,742
18 0 3.00¢
20 0 1.000
21 0 2.000
22 ¢ 3.000C
23 0 1.000
24 0 2.000
25 0 3.000
26 1 3,162
27 0 2.000
28 2 4.690
30 0 1.000
31 2 3.742
32 0 3.000
33 0 1.000
34 1l 2.828
35 0 3.000
364 0 1.000
37 0 2.000
38 0:3.000

1 0 0.500
3 0 2.500
5 0 3.25¢C
7 0 2.500
9 2 4.717
11 0 3.00¢C
13 2 2.693
15 0 3.500
17 1 2.915
19 0 3.500

1.000
1.000
1.000
2.000
2.000

33.690
3.000

56.310
3.000
1.000
1.000
1.000
2.000
2.000
2.000

71.565
3.000

45.000
1.000

26.565
1.000
2.000

45.000
2.000
3.000
3.000
3.000

0.500
0.999
1.500
2.500
40.61]
0.750
56.336
1.500
59.036
3.001

1.000
1.000
1.000
1.000
1.000
1.000
1.000
157501
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
25.239
3.000
53.301
3.000
3.000
3.000
3.000
3.000
3.000
3.000

0.999
0.999
0.999
0.999
12.226
1.999
47.977
1.999
1.999
1.999
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1.500
2,001
0.500
3.355
2.001
3.500
2. 500
0.999
2.500
2.000

0.999
1.500
1.999
63.443
0.500
0.999
2.000
2.500
3.001
3.500

08715775

. 0999

0.999
0.999
0.999
1.999
1.999
1.999
1.959
1.999
1.999
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18
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24693
l.500
4.925
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25.00

24.95
62.45
=-75.15
~0.05
“75n10
75.05

LVOOoCO

21.782
2.000
39.796
3.500

10
15
19
23
27

3.001 22
3.001 24
37.536 26
3.001

25405
~124.95
25.50
124.95
~25.15
25.05
~124.95

[ o o]

11
16
20

24

1500
0.999
0. 500

75. 05
=75.05
174.95
-150.00

1.500
2.500
3.500

12
17
21
25

3.001
3.001

0. 00

" =175.15

175.10
-75.00
175.15
50.10



INPUTB CHECKOUT PRQODLELM (3—0 HMCLH)

GO/1IL/T0

e

g [P

% NOGE *+

p—— N - T el - LDCATE:: — s Y Yrrrrmmm s e Y eme ot st W e e s TSP AC B o o e e -
1 10 C 0. 10006 G1  C.100GGE @1  G.10CU0E 01 4]
P 11 0 0. 70000F 01 0.1000GE 01 0.10GOUE Ol 4]
R Tek: SR - SRS Qe O 3OO0 - O L~ {4 LLOUOE 01 - 0L 10GC00GE- U o
0o 4 12 0 C.100LCE 01 O.20000F O U 10CGLE O1 U
° g 14 [v] G 2000uE 01 0.2000GE 01 0.100600F U1 0
-fl\"- - bk o, 1R e 1 e——— 0. 3600 UE O L~ 0 85690 &2 - 0L TOCUNE - 0L {
o 7 16 0 OL100GCO0E wl 030000 Ul GJI00000 O] 0
1 17 2 0,320 ul 0.5&310E C2 u.155%018 02 1 .
e e e LB e G (1, 3OO O Lo (W 3O000E L - GL LUCOUE D17 L
16 20 O U liUuuE 01 0.10u00E Gl CLIDO0GE 01 0 (=R
11 21 [§] O.700000 G G.3C0CUE 01 CayutOtL Ul 0 ¥ E
—e— i ]2e- 22— e O, A 0000 O - 0,10000E O --0L 20000k (1 0 -G
12 23 H] Go LOUGUL 01 0.20000F 01 OLz0uGLE 01 0 § E
14 24 O o200l GOE O 0.,200008 0L 0.20000F 0OY ] !UP
s J e 2 B Qe (30 3GO00E 01— 0L Z20000F 01 ~0.Z00U0F-01L 4] it
14 26 1 Ca.3 a0t CG1 ULTYLETE LE  (GuZUO0OL G a £
17 27 0 020000 Q1 0,30000E 01 o.200000 O] o C:'. g
e A b = BB s Pnmmes )y GO e U] =) oSS DOUE D - O 2B ERN . O O P
v 30 0 Q100000 01 O.10000F ¢ 0.Z0000F 01 4] Et&j
. s 20 al 2 D.,374200 01 C.L65658 02 0l.L232010 02 4]
e 21 emm A2 e e O g RGO UOF -G 10 1OUOOT OL—0L30u00L U] -G : ..m
22 33 0N 010000 0 0200000 01 O.50000F 01 0
23 24 1 a2 L LOE L1 DLAR0GUT 07 0300001 O] 3]
e P e B s Goee— N, 000001 =3, 20000L. 01 - 0.300008 Ok G
b A& ] Q100000 WY1 H.2uG00E 01 . 300000 Ol [¢]
26 A7 Q 0. 200000 01 0.200000L Gl G.2000LLEF 1 C
i ] e B e ——{) Gu 200U OF 010, Z0G00E 0o 0u20000E 3] O

e et e s mmm = mmrmere % s et 4 e



http:0----.45

* T NODE %

e N0 IaDe - LOCATE - X1 == = Xz e ORI e e .- - e e T e e e L
1 1 0 0.5CO000E D0 0,50000L 00 0.99900F Q0
& 2 (0 0.19N0GE 01 Q950 g0E 00 w99 %00F 00
- Q 3 e Qe Z5O00E= G1- - 009800k G0 = 0 WOULOE (0 » oo o = ¢ =0 o e e e e e e -- —————
& 4 1] UL 20010k 0 015000 G C.w9G0ul 06
5 5 V] CL325000 CY L 180UGE G GL.Y9Yuul GO
e e f e 0 == 0500008 D0 = OL194Y0E (1] » 0 U9U00k Or =ws = o mit o vor ¢ o+ e e e oo T e i e
7 ¥ 0 0.25L000F 0 OQJ25U0UF O O.994D0[ 00
8 n 1 .23 800 0} Da&24a2f 02 G.9%%0GF OU .
T e e e BTN TOE U1 o U aUBTLE UE -~ W L FPEE (P rmmm o+ e msin e smee e s e e e
in 10 u GeLO1I0L Q) CGuhbOLul (O GL19990F 01
11 11 N D,500000 01 0,7%0001 G0 O, 19wwd ul
T 12 = R e e L ARG 01 -0 YL O0E 00 0.19CY0E U1 o= e e e o e e e
12 132 2 UezfivZouk U1} GahG330F w2 wuata L 02
14 14 o Go2mutinl 01 O.I000UL U1 Dal9aunr gl
T IR s e Qe OL 2N 0UHUE (1 tUL1B0IGE G 0L 19YYUE O] e e e e e e e e
16 16 {) Q.90 0uf (o Oulhuliul wl Oalteiyng 01
17 17 1 GaZ%IbUE UL O.5S024F 02 NL 1494901 01
TTT T AE 1B e (e = 0L 2R000F 010 0LB00FULE 01 Ga1HGO0E Q] v e e s e b e oo o e oo e e s s
1 19 ( O.200u0b 01 OL300T0E U)  UL14%9%0Lk ol
210 20 [§] 0, 200008 0) QLA%I0E 01 OJlues0r (1
- 21 ---?1 ——- Lo 00208 0E 01 o ZLA 20 02 7 Q0 20UT e (] e e o o e e e et s
27 22 0 O 1LOONE Gl VJILUGHLE O U 2u0luf O
23 z3 0 0.15%C00E 01 0.20000L 0] 0.30U10E O]
- e L R U OQ9Q0E- 00 -G 25000k 01 0.30010E (1 - —— - .-—
25 25 2 0. 492501 01 L2979k G2 0D.3TR30F 02
26 26 4] Oub0UU0E 00 OLIWUN0E 01 B.ID0L0Y O]
o TR 2 Y rem Qom0 LUO00E -Gl 0L B 0G00F 01 ~ 0. A0010F 01 e - e o e
o
AT T e e e e e i o et ————————— s to——— o + -— aten - ——— ———— e m—— e v s . =
7
g9
W
ey R
B8 '
= .
g Ui



NUASEFR UF TIMFS {TEMPERATURL VLCTORS) = &

DEFAULT TEMPLRATLURE = 25.0000

TEMPERATURE VECTOR FOR TIME = 0.0 _
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9.0 SUBROQUTINES

All the subroutines of the INPUTB program are described in this section, with their
calling sequence and argument varicble definitions. The main program is described

in Section 3.

2.1 READO

Subroutine READO reads the problem identification card, and the input/output file

unit numbers,

Call READO (UIN, UOUTI1, UOUT?)

UIN - input file unit number (e.g., cards).

UQUTI - first output file unit number (e.g., printer).
UouT2 - second output file unit number {e.g., punch).
9.2 READM

Subroutine READM reads the structural node focations, using BOPACE 3-D data format,

Call READM (UIN, UOUT1, NOD, COORD, NODE, NMAX2, NMA X4)

UIN - input fife unit number.

UouUTI1 - first output file unit number

NOD - number of structural nodes,

COORD - COORD (J, ) = Jth coordinate of node |. .

NODE - NODE (1) = exf;ernal node 1.D. for internal node |.

NMAX2 - maximum number of nodes.

e

NMAX 4 - maximum node 1.D. number.



9.3 READ MT
Subroutine  READMT reads the thermal node Ioccnfic;ns.

Calt READMT (UIN, UOUTI, NO DT, COORDT, NODET, NODIT, NMAX52, NMAX54),

UIN - input file unit number.

UOUTI - first output file unit number.

NODT - number of thermal nodes.

COORDT - COORDT (J, 1) =Jth ccordinate of node |.

NODET - NODET (I} = external node 1.D. for internal node I.

NODIT - NODIT (1) = node internal number for external 1.D. 1.

NMAX52 - maximum number of thermal nodes.
NMAXS54 - maximum thermal node |.D. _number.
9.4 READT

Subroutine READT reads the vector of thermal node temperatures, at each given thermal
time.

Call READT (UIN, UOQUTI, {OT, NTIME, TIME, NODT, NODIT, NMAX54, NMAX 81)

UIN - input file unit number

UOoUuT! - first output file unit number.

10T - file unit number for storing thermal node temperature vectors,

NTIME - number of femperature vectors (time values) given for thermal nodes.
TIME - TIME (I) = | thtime value for thermal nodes.

NODT - number of thermal nodes.

NODIT - NODIT (I) - node internal number for external 1.D. I.

NMAX54 - maximum thermal node 1.D. number,

NMAXBT ~rire rw'luxirrxumlnl.;rraber of therma! node tempgrature vectors (time valves). |

9-2
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2.5 COMPW

Subroutine COMPW selects four thermal nodes and associated weighting factors for each

structural node, and stores them for later inferpolation.

Call COMPW (UQUT1, NOD, NODT, COORD, COORDT, NON, NOW, NOCDE, NODETj

UOUT! - first outpuf file unit number

NOD - number of structural nodes.

NODT - number of thermal nodes.

COORD - COORD (J, 1) - Jth coordinate of structural node 1.

COORDT - COORDT (J, 1} = Jth coordinate of thermal node 1.

NON - NON (J, 1) = selected Jth thermal node (J= [~4) for weighting
temperature of structural node 1.

NOW -~ NOW (J, I) = compu‘fed J the thermal node weight (J = 1-4) for
structural node |,

NODE - NODE (I) = external |.Dt for internal structural node 1.,

NODET

NODET (I} = external 1.D. for internal thermal node I.

9.6 TCOMP
Subroutine TCOMP performs the actual interpolation in space and time, to compute
structural node temperatures, using the thermal node temperature vectors and the

weighting factors.

Cell TCOMP  (UIN, UOUTI, UOUTZ, 10T, NOD, NODT, NON, NOW, NTIME,

TIME, NODE)

UIN - input file unit number

uouTn - first output file unit number,
UOouT2 - second output file unit hum?aer.

9-3



[OT
NOD
NODT

NON

NOW

NTIME

TIME

NODE

file unit number for storing thermal nod\e femperaf_ure:vecfors.

number of structural nodes,

number of thermal nodes.

NON (J, 1) - Jth fhermg! node (J = 1-4) for weighting temperature

of structural node |,

NOW (J, 1) = J the thermal node weight (= 1-4) for structural node 1.

number of time values (femperature vectors) for thermal nodes,

TIME (I) =1 th time value for thermal nodes.

" NODE (I) = external I,D. for internal structural node 1.



10.0 COMMON BLOCKS

The only common used in the INPUTB program are the two labeled common blocks

COMTO and COMT1, which provide storage space for thermal node temperature vectors.

Common/COMTO/TO  (used in MAIN, TCOMP)

Common/COMT1/T1 (used in MAIN, READT, TCOMP)

The MAIN program contains both TO and T1, and is used to dimension these vectors.
Subroutine READT uses the T1 vector as temporary storage to read in each thermal node
temperature vector before writing it onto the file IOT. Subroutine TCOMP uses both
the TO and T1 vectors, to read and store thermal node temperature vectors from file
10T, at successive thermal time values, These vectors are then used to interpolate all

structural node temperatures within the time interval from TO to T1.

10-1



11.0 FILE USAGE

INPUTB uses FORTRAN |/O to access several files. Some of the files are defined by the

user and the others are defined in the program. A [ist of files by logical unit number

follows:
UNIT NUMBER DESCRIPTION DEFINED BY
5 Input card file READO
UIN Input data file user
UOUTI First output file. Contains all output ‘ user
results, including echo check of input
data, and intermediate results.
UouT2 Second output file. Contains only user
final output results, i.e., interpolated
structural node temperature data,
10T (=11) Storage file for thermal node temperature MAIN

vectors,

11-1
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I NP UTB (THERMAL/STRUCTURAL DATA INTERFACE PROGRAM) 00000020
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BOEING AEROSPACE COMPANY, P.0. 80X 3999, SEATTLE, WASH. 98124 000C0040
ENGINEER/PROGRAMMER: RueG. VOS, PHONE 773-2946, BLDG. 18-05 00000050
#********#*#*****##********#*********##**#************************OOOOOO&O
SPACE~-TIME INTERPOLATIOUN FOR 1-, 2~ OR 3-DIMENSIONAL SPACES. €0000070
PROBLEM SIZE CAPABILITY INCLUDES 1000 STRUCTURAL NODES, 000000840
500 THERMAL NODES, 100 THERMAL NODE TIMES, ARBITRARY NUMBER OF 00000090
STRUCTURAL NOCE TIMES. ¢00C0100
MAXLMUM STRUCTURAL,THERMAL NODE [.D. NUMBERS ARE 5000,2500. 00000110
NOCES ARE LOCATED IN BASIC CARTESIAN,CYLINDRICAL QR SPHERICAL 00000120
CCORDINATES. cgocol3o
INTEGER UIN,UQUT1,UOUT2,10T +NODyNODT 4 NTIME, NMAX2, NMAX %, NMAXS52, 00000140
INMAX54, NMAX81 . 00000150
INTEGER NCDE(1000),NODET(500),NDDIT(25003,NON{4%,1000) CQ000160
REAL TO(5C0),7T1(500),TIME{100}, COORD(3,1000),CO0RDT{3,500), 06000170
INOW(4,1000) 00000180
COMMON/CONMTO/TO/COMTL/T] €0cC0o190
DATA I0T/11/ 00000200.
DATA NMAX2,NMAX4,NMAXS52,NMAX54, NMAX81/1000,5000,500,2500,100/ 00000210
READ PROBLEM L.D. AND FILE UNIT NUMBERS: 00000220
CALL READO(UIN,UOUTL,UDUTZ) 400006230
REAC STRUCTURAL NODE DEFINITIONS. 00000240
CALL READM(UIN,UOUT1,NOD,COORD,NODE,NMAX2,NMAX4%) 00000250
READ THERMAL NCOE DEFINITICNS. ‘ 000C0260
CALL READMT(UIN,UDUTL +NODT,COCRDT 4NODET yNODIT 4y NMAX52,NMAX54 ) 00000270
READ THERMAL NODE TIME-TEMPERATURE VECTORS. 00000280
CALL - READT(UINyUQUT1, LOTyNTIME,TIME,NODT 4NODITyNMAX54,NMAXB1) 00000290

SELECT THERMAL POINTS AND COMPUTE CORRESPONDING WELGHTS TO GIVE 00000300
STRUCTURAL TEMPERATURES AS FUMNCTIONS OF THERMAL NQODE TEMPERATURES.Q0000310
CALL COMPW(UQUT1,NOD,NODT,COORD,COORDT,NON,NOW,NODE,NODET) 000co320
COMPUTE AND OUTPUT STRUCTURAL NODE TEMPERATURES AT GIVEN T IMES. 00000330
CALL TCOMP(UIN,UQUT1,UOUT2410T,NODsNODT,NON,NOW,NTIME,TIME,NGDE) 00000340

GC T0 1 60000350
END 00000360
SUBROUTENE READO(UIN,U0UT1,UQUT2) 00000370

READ FILE UNIT NUMBERS AND PROBLEM IDENTIFICATION 00000380



EIrTVOD ¥00d iC

B EDVd TVNIDIH(

slsielaleclololeNeNoReNe!

OO0

101
102
2C1

101
201

UIN = INPUT FILE UNIT NUMBER.
UouUT1,U0UTZ = GUTPUT FILE UNIT NUMBERS.
STOP 9999 = NORMAL PROGRAM EXLT AFTER LAST PRUBLEM IS INPUT.

INTEGER UIN,UQUT1,U0UT2

INTEGER I4+START,STAR,IDENT(20)
FORMATIA4,6X4315)

FORMAT (2044}

FORMATILIHL +20A4)

DATA STAR/4HSTAR /
REAC{5,101)START,UIN,UOUTL,UQUT2
IF(START.NE.STARISTOP 9999
READ{UIN,102)(IDENT(I),1=1,20)
IF{UCBUTL.GTLOIWRITE{UOUTL,201){ IDENT{1)4I=1,20)
[F{UCUT2.GT.0)JWRITEIUOUTZ2,102)(IDENT(1),4.1=1,20)
RETURN

END

SUBROUTINE READM{UI ,UO,NCDyCODRDyNODE y NMAXZ  NMAX G )
READ STRUCTURAL NODE DATA.

UIL,UO = INPUT,GUTPUT FLLE UNIT NUMBERS.
NOD = NUMBECR OF STRUCTURAL NODES.
CGORD(JyI) = COORDINATES OF NODE 1.
NODE{I) = NODE EXTERNAL !.D. FOR INTERNAL
NMAX2 = MAXIMUM NUMBER OF NODES.

NMAX4 = MAXIMUM NODE I.D. NUMBER.

STOP 701 STRUCTURAL NODE [.D. EXCEEDS MAXIMUM

STOP 702 I.D. DOF A STRUCTURAL NODE LOCATION COORDINATE SYSTEM
NOT EQUAL TO 0,1 UR 2.

STOP 704 NUFMBER OF STRUCTURAL NODES EXCEEDS MAXIMUM.

STOP 705 = NO STRUCTURAL NOUDES INPUT.
INTEGER UI,UO,NODyNODE{L)sNMAXZ,NMAXS
REAL COORLC(3,1)

INTEGER I,LCOQORD,DCOORD

REAL FyANGLEsX,YsZ

FORNMAT (21543F10.0,15)
FORMAT(1HL+10H*x% NODE #%/1H ,18H NO.
12HX L1 s 11X, 2HX2, 11X, 2HX 3, 8%+ BHDISPLACE)Y

NUMBER 1.

|1

i

I1iDe LOCATE,6X,

202 FORNMAT(Z2I542Xs1593Xy3(EL2.5,1X),51X,L5)

F = 3.1415927/180.

000G6039%0
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
€0000520
00000530
00000540

00000550
0C000560
00000570
40000580
00000530
00000600
00000610
00000620
00000630
00000640
00000650
000C0660
00000670
00000680
00000690
00000700
0000C710
c0QcCo720
00000730
00000740
00C00750
00000760
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11

12

150

WRITE{UG, 201)

NCD = 0
READ(UIs1C1)I,LCO0ORD+X+Y,2,DCACRD
[F{I.LEZOQ)GO TO 150
[F{I.GT.NVAX&)STOP 701

IF(LCOORD.NE.0.AND.LCOORDNE.1.AND.LCOORD.NE.2)STOP 702

NOD = NOD+1

[IF{NGCD.GT .NMAX2)STOP 704

IF{UDL.GT- 0} WRITE(UO,202)N0OD, 1, LCOORDyXsYs2,DCOORD
NODE(NOD) = |

IF{LCODORD.EQ.0)GO TO 12

IF(LCOORD.EQ.L)GO TO 11

SPHERICAL COORDINATES.

ANGLE = Z%F

Z = X&SIN{ANGLE)

X = X*COSCANGLE)

CYLINDRICAL COORDINATES.

ANGLE = Yx%F

Y = X*SIN{ANGLE)

X = X*COS(ANGLE)

BASIC CARTESIAN CODRDINATES. -
COORD(1,NCD)
CCORD(2,N0OD)
CCORD(3,NCD)
GO 70 &
IF(NOD.EQ.OQ)STOP 705
RETURN

END

it 1 h

X
Y
z

SUBROUTINE READMT(UI,UO,NODT,COORDT,NODET, NODIT,NMAX52,NMAX54)

READ THERMAL NODE DATA.

UI,UD = INPUT,OUTPUT FILE UNIT NUMBERS.

NCCT = NUMBER OF THERMAL NODES.

COORDT(J,1) = COORDINATES OF NODE {.

NOCET{I) = NODE EXTERNAL 1.D. FOR INTERNAL NUMBER
NCDIT{I) = NODE INTERNAL NUMBER FOR EXTERNAL L.D.
NMAX52 MAXIMUM NUMBER OF THERMAL NODES.

NMAXS4 MAXIMUM THERMAL NODE [.D. NUMBER.

STOP 801 = THERMAL NODE I.0. EXCEEDS MAXIMUM.

l.
Ie

00000770
£CC00780
¢0000790
00000800
00000810
00000820
00000830
CCooos40
60000850
00000860
00000870
00000880
00000890
00000900
00000910
000600920
¢0000930
¢0000940
00000950
00000960
0Ccogc0970
00000980
00000990
00001000
00001010
Qcoolo20
cGo0o1030
00001040

00001050
00001060
00001070
80001080
00001030
00001100
gcoolllo
00001120
goo0olL130

00001140



o000

STOP 802 = I1.D. OF A THERMAL NODE LOCATION COQRDINATE SYSTEM 00001150
NCT EQUAL TO 0,1 DR 2. 00001160
STOP 8C4 = NUNMBER OF THERMAL NODES EXCEEDS MAXIMUM. cgool1i7e
STOP 805 = ND THERMAL NODES INPUT. 00001180
INTEGER UI,UO,NODT,NODET{(1),NODIT{1),NMAX52,NMAX54 00001190
REAL COORDT(3,1) ’ 000clL200
INTEGER 1 ,LCOCRD,K,ISTOR(2),LSTOR(2) 00001210
REAL F+ANGLEsX,Y42Z4XSTOR{2)4YSTOR(2)4ZSTOR{2) 00001220~
101 FCRNMAT (2(215,3F10.0)) . €0o001230
2G1 FORMAT{1H1,10H%* T NODE %*/1H ,1BH NO. LiD. LOCATE,6X, 00001240
I2ZHX 1y 11Xy 2HX24 11X 9. 2HX3) 00001250
202 FORMATI(21542X41543X43(EL2.591X)) ¢co01260
F = 3.1415927/180. 00001270
WRITE(UO,201) 60001280
CO 2 I=1,NMAXS4 00001290

2 NODIT(L) =0 00001300
NODT = O 00001310

6 READ(UL,101)UISTORIK)yLSTOR(K )y XSTOR{K)y YSTORI{K) +ZSTOR{K) yK=1,2) 000CL1320
0C 8 K=1,2 00001330
IF{ISTOR{K}.NE.GIGD TO 9 00001340,

8 CONTINUE 00001350
IF{NCDT.EQ.O1ISTOP 805 60001360
RETURN goGo1370

G DO 20 K=1,2 00001380
« I = ISTORIK} 00001390
IF{L.LELQIGO TO 20 ' 00001400
IF{I.GT.NMAX54)STOP 801 ' 60001410
LCCERD = LSTOR(K} 00001420
IF(LCOORD.NE+O. ANDsLCOORDJNEL L. ANDLLCOORD.NEA2)STOP 802 00001430
NODT = NODT+1 00001440
[F{NODT.GT.NMAX52)STOP 804 , CCO0L450

X = XSTOR({K) 000014460

Y = YSTOR(K) Q0001470

L = ZSTOR{K) 00001480
[F{UC.GT.0)WRITE({UD,202INODT+ Ly LCOORDy Xy.Ys2 00001490
NODETINODT) = | 00001500
NODIT(I) = NDOT 00001510
[F{LCGORD.EQR.O)GD TO 12 ccools20
[FILCODRDLEQ.1}GO TO 11 00001530

SPHERICAL COORDINATES. . 02001540
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O

11

12

20

101
102
103
201

ANGLE =
I = X=%S$1
X = X*C0
CYLINDRI
ANGLE =
Y = X*¥51
X = X*CO
BASLC CA
CCORDT({1
CCORDT (2
COORBTI(3
CONT INUE
GC TO 6
END

SUBROUTINE READT{UI,UQ,IOT«NTIME,TIME,NODTsNODIT,NMAX54,NMAXB1}

READ THE
UI,U0 =
I0T =
NTILME =
TIME(I)
NCDT = N
NODITH{I)
NMAX G4 =
NMAXB81 =
STOP 901
STGP 902
MAXINUMS
COMNMON/
TH{L) =
INTEGER
REAL TIM
INTEGER
REAL TEM
FORMATII
FORMAT(F
FORMAT (4
FCRNAT(]
11CX,224D

Z*F

N{ANGLE)
STANGLE) .

CAL COCRDINATES.
Y*F

N{ANGLE)
S{ANGLE)

RTESIAN COORDINATES.
+NODT) X

+ NODT) Y

¢+ NODT) Z

ttoHon

RMAL NODE TIME-TEMPERATURE VECTORS.
INPUT,0UTPUT FILE UNIT NUMBERS.

NUMBER OF TIME VALUES FOR THERMAL NODES.
= ITH TIME VALUE FOR THERMAL NODES.
UMBER OF THERMAL NODES.

FILE UNIT NUMBER FOR THERMAL NODE TIME-TEMPERATURE VECTORS.

= THERMAL NODE INTERNAL NUMBER FOR EXTERNAL IiD.

MAXIMUM THERMAL NODE L.D. NUMBER.
MAXIMUM NUMBER OF THERMAL TIMES.
UNDEFINED THERMAL NODE I.D.

COMT1/TL
TEMPERATURE OF ITH THERMAL NODE AT GIVEN TIME.
UIyUD,UOT4NTIME,NODT,NODIT(1)yNMAXS4,NMAX8]
E{L),TL(L)
IyKyITIME,ISTOR({4)
PO,STORI(4)

10+,F10.0)

1C.0}

{I10,F10.0))

H1 y40HNUMBER OF TLIMES
CFAULT TEMPERATURE =

(TEMPERATURE VECTORS) =
+F10.4)

2 I3

€0001550
00001560
00001570
00001580
00001590
00001600
000016140
00001620
00001630
0COCGlo640
GOo0OL650
00001660
ccoclé670
00001680

00001690
00001700
00001710
60001720
00001730
00001740
00001750
00001760
00001770
ccoo1r780

USED TO SPECIFY TEMPERATUREQQQOQL1790
NUMBER Of THERMAL TIMES IS LESS THAN 2 OR EXCEEDS

00001800
00001810
00001820
00001830
€CooL840
00001850
00001860
00001870
e¢o0Q01880
00colrs90
00001900
Co001910
G0001920
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202

203

15

16

20

39
100

FORMAT(1H1+30HTEMPERATURE VECTOR FOR TIME = ,E12.4/
L1HO,25HTHERMAL PT. TEMPERATURE)
FORMAT{1H ,I5,7X,F12.2)
REACIUIy 101l INTIME, TEMPO
IF{UQ.GT.O)IWRITE(UO,201 INTIME, TEMPO
IFINTIMELLT.2.,0R.NTIME.GT-NMAX81)STOP 902
REWIND 10T

DC 100 ITIME=],NTIME
READ(UIw1C2)TIME(ITIME)
[FIUO.GTLOIYRITE(UO,202)TIME( LTIME)
IF(ITIMEL.GT.1)GO TOU 13

DA 5 1=1,NQOT

TL{I)}) = TEMPQ

REACIUI 103} {ISTOR(K)sSTORIK) ,K=1,4}
DO 15 K=1l,4

IF{ISTOR(K)}NE.OJGO TO 16

CCNTINUE

GO TO 99 :

DO 20 K=144 .
I = ISTORI(K)

IF(L.LEL.O)GO TO 20
IF(UD.GT.CIWRITEIUO,203)1,STOR{K)
IF{I.GT.NMAX54)STOP 901

I = NGDIT(I)

IF(I.LE.O)STOP 901

TI(I) = STOR(K)

CCNTINUE

GO TO 13

WRITE(IOTY(TLI(1)y1=1,NODT}

CCNTINUE

RETURN

END

SUBROUTINE COMPW(UD,NOD,NODT,CODRD yCOORD T yNON s NOW s NODE , NODET)
SELECT THERMAL POINTS AND SET WEIGHTS FOR EACH STRUCTURAL NODE.

UD = OUTPUT FILE UNIT NUMBER.
NOD = NUMBER OF STRUCTURAL NODES.
NGDT = NUMBER OF THERMAL NODES.

CGORD{Jy 1) = JTH COOROINATE OF STRUCTURAL NODE 1.

€G001930
00001940
00001950
00001960
00001970
00001980
00001990
¢C002000
00002010
00002020

- 00002030

00002040
00002050
Co0c2060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170

00002180

€0002190
00002200
00002210
00002220
00002230
00002240

00002250
00002260
00002270
00002280
00002290
00002300



OO0

201 FORMAT(1H1,5H NODE,1X,4(4H

COORDT Y
NCN{J,I)
NOWlJ,I)
NOGE( 1)

NCDET(I)
[INTEGER

REAL CODO
INTEGER

REAL C,R
1S(3),+512

»[) = JTH COORCINATE OF THERMAL NODE I.
= JTH THERMAL NODE NUMBER (J=l~4) FOR STRUCTURAL NODE i.
JTH THERMAL NODE WEIGHT {J=1-4) FOR STRUCTURAL NODE I.
= EXTERNAL I.D. FOR STRUCTURAL NODE 1. '

= EXTERNAL 1.D. FOR THERMAL NODE I.

UC,NOD,NODT yNON{4,41)4NODE(L),NODET(1)
RD(34,1),CO0RDT(3,1)4NOW({4,1)

INODy IsdrIly12,13,14

vy WL e W2y W3, 04 P(3),PO(3)4PLL{3),P2(3),P3(3),P4(3),
{3),523(3)

PTyI2) 406Xy 2HWT,127)

202 FORMATI{IS+2X94{1541X)42Xs4F10.4)

456

500

512

556

600

IF(UCLGT
00 1000
DC 5 J=1
POLJ) =
LOCATE |
R = 10.E
00 SCO0 I
DO 456 J
PLJY =¢C
IF{P(1)%
11 = 1

R = P(1)
CONTINUE
IF{R.EQ.
oG 512 J
PI{) =
LOCATE 2
R = 10.E
12 = 0

D0 600 I
DO 556 J
PLJ) = (C
TE(P(1)*

.O)HRITE(UUiZOl){JvJ=lv4’v{J’J=194)
INOO=1,NOD

+3

COORD{J,INOD)

ST THERMAL PT AS NEAREST PT

30

=1y NODT

=193

CERDT (4, 1I) = POY)
*2+P{2)%%24P{3)%*%2,6GE.RIGO TO 500

FH24P (2 ) %2 4P (3 ) Kk

0.)G0 TO 951

=1'3

CCORCT(J,I1) - POLJ)

ND THERMAL PT AS NEAREST PT AT LEAST 90 DEGREES FROM 1ST
30

=1,NODT

=]1,3

CCRDT{(Jy 1) - POLY)

24P (2)%%24P(3)%%2 .GE’R.OR.I-EQ:IL)IGO TO 600

IF(PLLI*PLIL)+P{2)%PL(2)+P(3)%P1(3}.GT.0.)G0 TO 600

2 =1
R P(1)
CONTINUE

EU24P(2)H%24P (3) A% 2

[FII2.EQ.0)G0 TO 951

00002310
¢C0062320
00002330
00002340
0C002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440
06002450
00002460
00002470
00002480
00002490
00002500 -
C0002510
00002520
00002530
00002540
00002550
00002560
00002570
00002580
00002590
00002600
G0002610
00002620
00002630
00002640
00002650
00002660
00002670
00002680
00002690
€C002700


http:IF(R.EQ.O.GO

6l2

656

662

690

1C0

712

756

0Q €12 J
P2UJ) =
si2(J) =

=]1,3
COORDT(Js12) — POLJ)
P2{J) - PL(J)

LCCATE 3RD THERMAL PT AS NEAREST PT FORMING ENCLOSING TRIANGLE

FOR PERPENDICULAR TO PLANE

R = 10.E30

I3 =0

DO 70G I=1,NODT
=143
P{J) = COCRDT(J,I)
[F{PLI}*%24P(2)%%24P(3)%¥*2,.GE.R.OR.
=1,3

DG 656 J

DO 662 J
$23(J4) =
S{1)
St2)
${3)

H 0 on

- PO(J)

PLJY = P2(J)

S12(2)%523{3)-S12(31%S23(2)
S12{3)%523(1)-S12{1)1%S523(3)
S12(1)%523(2)-512(2)%S5231(1)

I.EQeI1.0RJILEQLLE2)G0 TO 700

IF(S(1)aEQa0..AND.SI2).EQ.0..AND.S{3).EQ.0.) GO TO 700
WL = S{1)*{P2(2)%P(3)-P2(3)%P{2) }4S{2)%(P2(3)*P{1}=P2(1)%P(3})

W2 =

L+S{3)%(P2(1)*P(2)-P2{2)%P (1))
SELY*(P2)¥PL{3)=P(3)%PL{2))}+S(2)%(P{3)*PL{1)-P(1)%*P1(3))
1+S(3)*(P{L)%P1L{2}-P(2)}%P1 (1))

00002710
00002720
60002730
00002740
00002750
00002760
06002770
00002780
00002790
Q0002800
00002810
00002820
00002830
00002840
00002850
€G002860
c0o002870
00002880
00002890
00002900
000029190

W3 = S(l)*(Pl(2)*P2(3!—P1(3)*P2]2])+S(2)*(P1(3)*P2(1)—P1(1)*P2(3))00002920

1+S{3)*(PL{L)*P2{2)~PL(2)%P2(1))}

IF{{WL LEOJoAND W2 EL Q0 JAND.W3.LEL D)2 0R.

GO T 70
I3 =1

R = PLLYX%24P(2)%%2+P {3 ) %%2

CONTINUE

0

IF{I3.EQ.C)GO TO 961

0C 712 J
P3(J) =

21,3

CCORDT(J,13)

- PO{J)

1{WlaGEeQee ANDJW2.GEL0..AND.W3.GE.0.))GO TO 690

LOCATE 4TH THERMAL PT AS NEAREST PT FORMING ENCLOSING TETRAHED

R = 10.E
I4 =0

CO 800 I=1,NODT
=1,3
PlJY = COCRDTI(J,I)

DQ 756 4

30

- PO{S)

RON

IF(P(1)%%24P{2) %% 24P (3)%%2.6E Re0Re I EQ2I1a0RIEQaI2.0RL.EQ:I3)

1GO TO 80

0

00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
0C003020
00003030
00003040
00003050

00003060 -

60003070
6C003080
00003090
00003100


http:R.OR�'I.EQ'II.ORI.EQ.12.OR.I,.EQ.13
http:2+P(2)**2+P(3)**2.GE

790

8GO

812

951

Wl = P(L)*{P2(2)%P3(3)-P2(3)%P3(2))
1+P(2)*(P2(3)*P3(1)“P2(1)*P3(3))+P(3)*€P2(1}*P3(2)—P2(2)*P3(1))
WZ ==PL{L)*{P3{2)*%P{3)-P3(3}%P({2))
1=P1{2)%(P3(3)%P(1)~P3(L}%P(3))=PL{3)#{P3(LI*P(2)-P3(2)%P(1])

W3 = P2IL)*{P{2)*P1{3)~P(3)%P1(2))
L+P2(2)%(P{3)*PLIL1}~PLL)*PL{3))1+P2{3)%(PI1)%PL(2)-P{2)%P1{1))

Wa ==P3{L)%{PL(2)%P2(3}~PL(3)}%P2(2))
1=-P3(2)%(PLI3)«P2(1)=PL{1)%P2{3))-P3{3}%{PL{L)*P2(2)~PL{2)%P2(1))
IF{WLalEeOe e ANDaW2aLE e 0L e AND W3 o LEeDu o ANDaWboLEaOu)aORY
1 (WL GE.OuaANDW2.GEW0s o ANDWW3.GE0..AND WAL .GEL0.)360 TO 790

GO TG 800

4 = 1

R o= PLI*%2+P[2)%X2+4P (3 ) %%

CONTINUE

[IF(I4.EQ.CIGD TQ 971

00 812 J=1,3

P4({J) = CCORDT{JsI4) - PO(J)

4 THERMAL PTS CAN BE USED

Wl = P4(Ll)*(P212)%P3(3)-P2{3)%P3(2))
LHP4{ 21 (P2ZI3)%¥P3{1)=-P2(L)%*P3(3))+P4(3)*(P2(1)%P3{2)-P2(2}%P3(1))
W2 ==PL{1)*(P3(2)%P4(3)~P3(3)%P4(2))
1—P1[2)*(P3(3)*P4(1)~P3(1)*P4(3)l—Pl(B)*lPB{1)*P4(2)-P3(2)*P4(1)1
W3 = P2LL)I*(P4(2)%PLI3)-P4{3}%P1(2))
1+P2(2)*[P4(3)*P1(1)-P4(1)*Pl{3))+P2(3)*IP4(1)*P1(2)~P4(2)*P1(1))
Wa ==P3(L)*(PLI2)%P2I3)-P1({3)%P2(2))
1“P3(2)*(Pl(3)*P2(l)“Pl!l)*PZ(B))~P3(33*IP1(1)*P2{2)”P112J*P2(1))

W = WI4WZ2Z+W3+UW4
IFIW.EQ.0.)GD TO 971
WL = "WL/W

W2 = W2/W

W3 = W3/W

W4 = Wa/W

GG TO 991

ONLY 1 THERMAL PT CAN BE USED
I2 = 11

I3 = 11

[4 = I1

Wl = 1.0

W2 = 0.

W3 = Q.

00003110
00003120
00003130
00003140
00003150
00003160
€0003170
00003180
00003190
6C003200
00003210
00003220
00003230
00003240
00003250
00003260
60003270
00003280
00003290
0003300
00003310
00003320
£C003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500


http:I(WI.GE.O.-AND.W2.GE.0..ANO.W3.GE.O.oAND.W4.GE
http:IF((WI.LE.O..4ND.W2.LE.O..AND.W3.LE.O..AND.W4.LE.O.).OR

ol-vy

W4 = 0. 00003510
GC TO 991 0003520
ONLY 2 THERMAL PTS CAN BE USED 00003530

961 I3 = I} 00003540
14 = I1 00003550
W3 = 0. 00003560
Wé = 0. 00003570
W= 0. 0003580
R = 0. 00003590
DO 965 J=1,3 00003600
W= W+ P2{J)*(P2(J)=P1{J}} 0C003610

965 R = R + (P2{J)=PL{J})%%2 00003620
IF(R.EQ:0.1)G0 TO 951 00003630
WL = W/R 00003640
W2 = 1.0-hl 00003650
60 TQ 991 00003660
ONLY 3 THERMAL PTS CAN BE USED 00003670

971 14 = I1 00003680
Wa = 0. 00003690
DO 975 J=1,2 00003700.

975 $23{J) = P3{J} — P2(J} 0003710
SC1)} = $12{2)%S23(3)~S12(3)%523(2) 00003720
S(2) = 512(3)%S23(1)~-S12(11%523(3) 00003730
S{3) = S12{1)%S23{2)}-512(21%523(1) CG003740
IF{S{1).EQe0..AND.S{2)4EQ./0..AND.S{3).EQ.0.) GO TO 961 00003750
WL = SULI%(P2(2)%P3(3)-P2(3)%P3{2))8S5(2)%(P2(3)%pP3(1)~ —P2{1)%P3(3)100003760

L+S(3)% (P2 (1)%P3(2)=P2(2)%P3(1)) 0CC03770
W2 = 5(l)*(PB[Z)*Pl(j)—PB(3)*P1{2)J+S(2)*(P3(3)*Plt11~P3(13*P1(3J)00003780
L+4S{3)%(P3(L)*PL(2)=P3(2)%*P1{1)}) 00002790
W3 = S(LY*{PLI2)%P2{3)~PL(3}%P2(2)}4S{2}*(PLI3)%P2(1)-P1{ 11%P2(3) 300003800
1+S(3%(PLIL)%P2(2)=PLI2)%P2(1)) 00003810
W= WLtW2+W3 ' 00003820
IFIN.EQ.0.)G0 TO 961 00003830
Wl = Wl/W 00003840
W2 = W2/W 00003850
W3 = W3/W 00003860

91 NCN(1,INOD) = Il 0003870
NON(2,INOD) = 12 00003880
NCN{3, INOC) = 13 : 00003890
NCN{&4,INOC) = 14 . 00003900



L~V

OO0 0

(gl

101
2C1
202
203
205

NOW {1
NCW (2
NCW(3
NOW( 4

¢+ INOD?}
s INOE)
+ INOC)
¢ INOC)

# 0 oHH

T x
WO

W

1F{UG.GT.O)WRITE(UD, 202 INODE{INDD) 4NODET{11),NODET(12),NODET(13),
INCOET(I4) 4 WlW2,W3,W4
1600 CONTINUE

RETUR
END

N

SUBROUTINE TCOMP(UI,UO1,U02, IOTyNODNODT+NON,NOW,NTIME, TIME+NODE)
COMPUTE AND OUTPUT STRUCTURAL NODE TEMPERATURES AT GIVEN TIMES.

Ui, uo

1,002 =

INPUT,0OUTPUT FILE UNIT NUMBERS.

IGT = FILE UNIT NUMBER FOR THERMAL NODE TIME-TEMPERATLRE VECTORS.
NUMBER OF STRUCTURAL NODES.

NOD =
NODT

= NUMBER

OF THERMAL NODES.

NCN(J,»I) = JTH THERMAL NODE NUMBER {J=1-4} FOR STRUCTURAL NODE I.

NOW({J
NTIME
TIME(
NCDE{
STOP

11}

= JTH THERMAL NODE WELGHT

(J=1-4) FOR STRUCTURAL NODE I.

= NUMBER OF TIME VALUES FOR THERMAL NODES:

I) =
I}
1001 =

i}

ITH TIME VALUE FOR THERMAL NODES.
EXTERNAL 1.D.
STRUCTURAL TIME IS OUTSIDE RANGE OF THERMAL TIMES, OR

FOR STRUCTURAL NODE 1.

TIMES ARE NOT IN INCREASING ORDER.
COMMON/COMTO/TO/COMTL/TL

TCLD)

1 TLII) =

TEMPERATURES OF ITH THERMAL NODE AT TIMES 0O,1.

INTEGER UI,U0L,U02, I0T,NOD,NODT,NON{4,1)},NTIME,NODE(1)
REAL NOW(4,1),TIME(L),TO(1),TL{ 1)

INTEGER I+JsKyL,I1,ISTOP,IT,ISTOR(4)

REAL STIMEsCoeWsTIMOsTIM1,FO4F1,STOR(4)
FCRMAT{F10.0,110)

FORMAT{F1044,70(1H*})

FORMAT(4(110,F10.:2))

FORMATI(LIH 1)
FORMAT(1HL)
IF{UOL.GT.OIWRITE(UOL,205)
REWIND 10T

IT =

2

READ(IOTI{TL{I)+I=1,NODT)}

g 2

[=1,NOCT

00003910
00003920
00003930
00003940
00003950
60003960
00003970
00003980
€C0003990

£0004000
00004010
06004020
0C004030
00004040
00004050
00004060
00004070
00004080
00004090
00004100
00004110
00004120
C0004130
00004140
00004150
0C004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280



ZL-v

11

15

20

51

501

TO (1) =TU{D)
READIIOT)I{TL(L},E=1,NODT)
REACIUL,101)}STIME, ISTOP
[F(ISTOP.NE.O)GO TO 501
IF{UOL.GTLO)WRITE(UDL,201)STIME
[FIUD2.GT.OIWRITE(UDZ2,20L)STIME
[F(STIMELLT.TIME(IT-1))STOP 1001
IF(STIMELLELTIME(IT)IIGO TO 9

IT = IT+1

IF(LT.GT.NTIMEISTOP 1001

DO 6 I=1,NODT

TO(I) = T1(I)
READIIOTI{TLI{I),1=1,NODT)

GG T0 3

TIMO = TIME(IT-1)

TIVML = TINE(IT)

FO = TIML-TIMO

IF(FCL.GT.04)F0 = (TIMI-STIME)}/FO
F1 = 1.0~FO

02

I
L
b
I
IF{I.GTLNOD)IGO TOQ 20

L = L+1

[STCR(L) = NODE(I)

C = 0-

00 15 J=1,4

[L ="NON{J,I)

W = NOW{J,I)

C=C + WX{(FOXTO(TII)+F1I%TL(I1))
STOR{LY = C

CONTINUE .

IF{L.NELO)GD TO 51
[FIUCL.GT.O)IWRITE{UDL,203)
IF(UO2.GTLOIWRITE({UCZ,203)
GO T0 1

[F{UOL.GT.OJWRITE{UOL,202){ISTOR(K)STORIK)yK=1,L)
[F(UO2.GT.O)WRITE(UO2,202) (ISTOR{K) »STOR(K}4K=1,L )

GO TG 11
RETURN
END

00004290
00004300
C0004310
00004320
00004330
00004340
QC004350
00004360
00004370
00004380
Q0004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004500
00004510
00004520
00004530

" 00004540

00004550
00004560
60004570
00004580
00004590
00004600
00004610
00004620
CC004630
00004640
00004650
00004660
00004670
00004680
C0004690
00004700





