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1.0 SUMMARY

The program L217 (EOM) is structured as a system of overlays, one main overlay with
four primary overlays and their associated secondary overlays.

Input into the program is made via cards and magnetic files (tapes or disks). Output
from the program consists of printed results and magnetic files containing matrices of
equations of motion coefficients and aerodynamic forces.

Although L217 (EOM) serves as a module of the DYLOFLEX system, it can be operated
as a standalone program. Subroutines used by L217 (EOM) include routines obtained
from the standard FORTRAN library, and routines from the DYLOFLEX alternate
subroutine library.



2.0 INTRODUCTION

f
13

.The computer program L217 (EOM) was developed for use as either:a standalone
~ program or as a module of a program system called DYLOFLEX (ref. 1) (see fig. 1). The
Equations of Motion program (L217) was designed to meet the DYLOFzLEX contract
requirements as defined in reference 2. These requirements specify the need for a
program that can assemble and generate data needed to formilate the equations of
motion for a flight vehicle, and the necessary aerodynamic forces that can be used in
the flight loads analysis of that vehicle. §

The program was designed, coded, and documented accordmg to. the programmlng
specifications developed for DYLOFLEX .

{ L A

The objective of this volume is to aid those persons who will maintain alid]ior modify the
program in the future. To meet this objective the following itemis are discubsed:

e Program design and structure _ e T I
e  Purpose and operation of each overlay S ERIRR e
e Input, output, and internal data bases S

™ Test cases

Clemmons R. E.: Programming Specifications for Modules of the Dynamic Loads System to
Interface Wzth FLEXSTAB. Boeing-NASA Contract NAS1-13918. BCS-G0701, September 1975,
(internal report)
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3.0 .PROGRAM DESIGN AND STRUCTURE

The program is structured as a system of overlays, the main overlay and four primary
overlays with their associated secondary overlays (see fig. 2).

Main overlay : : (L217,0,0) - Program L217vc
Primary overlay ' 1.217,2,0) Program STRUCT
Primary overlay (L217,3,0) Program FLXAIC
Primary overlay (L217,4,0) Program DLAIC
Primary overlay (L217,5,0) Program DLPRES

The main overlay named L217vc (the v and ¢ are version and correction identifiers.
See sec. 3.1) reads data cards that direct the execution of the primary overlays. It also
aids communication between the primary overlays via labeled common blocks.

The 2,0 primary ovérlay, STRUCT, generates the equations of motion matrices that
are dependent upon the structural data only. They are:

[M;] Generalized stiffness matrix
[Mz] Generalized damping matrix
[M3] Generalized inertia matrix

The remaining primary overlays generate the equations of motion matrices that are
dependent upon the aerodynamlc data. They are:

[My4] Generahzed aerodynamic stiffness matrix
[M5] Generalized aerodynamic damping matrix

{fs} The distance(s) from the gust reference point to the control point(s) of the
gradual penetration gust zones.

[#] The generalized gust forcing function matrix

The 3,0 primary overlay, FLXAIC, generates the aerodynamic equations of motion
that are based upon the FLEXSTAB (ref. 3) AIC (aerodynamic influence coefficient)

matrices,

The 4,0 primary overlay, DLAIC, generates the aerodynamic equations of motion
based upon Doublet Lattice (1.216) (ref. 4) AIC matrices.

The 5,0 primary overlay, DLPRES, generates the aerodynamic equations of motion
based upon generalized forces and unsteady pressures from Doublet Lattice (ref. 4).
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L217,0,0
L217vc
1217,2,0 L217,3,0 L217,40 L217,5,0
STRUCT FLXAIC DLAIC DLPRES
L217.2,1 1217,2,2 L217,2,3 L217,5,1 L217,5,4 121756
RSTRCT FORMAC FORM13 DLPCDS DLPFRC DLPEOM
1217,5,2 121755
DLPGEO DLPODR
1217,3.2 L217,34 L217.36
FLXGEO FLXFRC FLXEOM
121731 121733 L217,35
. FLXCDS FLXMOD FLXODR
L217,4,1 L217.43 L21745 | 1217,4,7 L217.4,11
DLACDS - DLAMOD FORMWS " DLAFRC DLAEOM
L217,4,2 121744 L217,4,6 L217,4,10
DLAGEQ CPANDW SOLVDW DLAODR

Figure 2. —Qverlay Structure of L217 (EOM)



Although L217 (EOM) serves as a module of the DYLOFLEX system, it is operated as
a standalone program. When the program is run by itself, it becomes the user’s
responsibility to generate input data in the format required by the program. (See vol.
I of this document for adescriptionof the required data and formats.) L217 (EOM) is
heavily dependent upon data generated prior to its execution. Figure 3 displays the
different files, which L217 (EOM) may require, according to user specified options. The
following programs produce or read the files displayed in figure 3.

Prograin : Reference number

FLEXSTAB
L216(DUBFLX)
L215(INTERP)
L221(TEV156)
L219(EQMOD)
L218(LOADS)

W 3 N N W

The program requires subroutines which are not part of the L217 (EOM) code. Some
routines are automatically obtained from the standard CDC FORTRAN library when
the program is loaded. Others, however, are stored in the DYLOFLEX alternate
subroutine library that must be declared at the time of loading. Subsequent sections
describe each overlay separately and contain tables displaying the routines called and
the library in which they are located. All subroutines have one entry point.

This volume describes the program in a macro sense. A more detailed discussion
appears in the comments contained in the program source code. Each routine contains
a preface describing the routine’s purpose, author, analytical steps, modification
history, input data, output data, glossary of variables, and a list of other routines
called. Embedded within the executable code are comments labelling each section and
explaining logical branches.

3.1 OVERLAY (L.217,0,0), L217vc
The main overlay of L217 (EOM) is named L217vc where:
v Is a letter indicating the program version
¢ Is an integer indicating the correction set applied to the v version

Purpose of L217ve

L217vc performs certain bookkeeping tasks, directs the execution of the primary

overlays, and aids communication between primary overlays via labeled common
blocks.
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RIS

From
FLEXSTAB
SDINDX From
L216 (DUBFLX)
SDDATA NAETP . L From
L215 ({INTERP)
Card data
GDTAPE NGETP GSTIFF GMASS SATAP
L217 (EOM)
Printed
output -
EOMTAP EOMLOD
To L221 (TEV156) To L218 (LOADS)

or L219 (EQMOD)

Figure 3. — L217 (EOM) Communication Via External Files



Analytical Steps of L217vce

The L217vc performs its tasks in the following steps:

1.

3.

The subroutine PRGBEG is called to place the program header on the printed
output. ‘

A data card is read. It must begin with $EOM to ensure that the input file is
correctly positioned. If it does not contain $EOM, execution is terminated.

A program directive card is read, printed, interpreted, and acted upon according
to the following logic: :

a. If the keyword is $TITLE jump to step 3 again.

b. If the keyword is $NONSTOP set the nonstop switch and jump to step 3
again.

c. If the keyword is $STRUCTURAL, jump to step 4. 1
4. Ifthe keyword is SAERO followed by FLEXSTAB jump to step 5.
e. If the keyword is $AERO followed by DOUB...AIC jump to step 6.

f.  If the keyword is $AERO followed by DOUB...PRES jump to step 7.
g. I the keyword is $QUIT jump to step 8.

Overlay (L217,2,0), STRUCT is called When it is finished, control returns to
step 3.

Overlay (L217,3,0), FLXAIC is called. When it is finished, control returns to step

‘Overlay (L217,4,0), DLAIC, is called. When it is finished, control returns to step

3.

Overlay (L217,5,0), DLPRES, is called. When it is finished, control returns to
step 3.

Subroutine PRGEND is called to place the program termination message on the
printed output file, and the execution is terminated.

If errors were detectéd, the program jumps to step 8.

The macro flow chart of this overlay is shown in figure 4.

The routines called are displayed in table 1.
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ENTRY.

PRGBEG prints
the program
header block

!

IRDCRD reads
a card and

extracts keyword

Yes

#$EOM

IRDCRD reads
a card and
extracts keyword

-$TIT - §NONT

EOF Yes
No
K

eyword

NONSTP = 1}

t

Overlay (L217, 2, 0)
STRUCT

v

fl
l”"'
m
=

]

" Figure 4. — Macro Flow Chart of Overlay (L217, 0, 0), L217 vc
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nd & 3rd
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Overlay (L2217, 3, 0)
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J
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the program
termination
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Figure 4. — (Concluded)
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Table 1. — Routines Called By L217vc

OVEKLAY (L217,0,0)

PROGRAM L217vc

OVERLAY (L.217,4,0)

" DLAIC-

DL?RES. wfovtpLAY(Lé1i.5,0)7

FLQAICJ.; “:-oVERLAY(L257.3b0)=w
FNDKEY+ :

IRDCRD+ E

PFGBEG+

PKGEND+

RETURNF +

+ indicates a routine obtained from

the DYLOFLEX alternate subroutine library.

All others are local to L217 (EOM).

11
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I/0 Devices of L217ve

The L217vc reads program directive cards and writes them on the printed ouput ﬁle
All other I/O accomplished by L217 (EOM) is done in lower level overlays

3.2 OVERLAY(L217,2,0), STRUCT
* Purpose of STRUCT

The L217 (EOM)’s first primary overlay is named STRUCT. STRUCT generates the
equations of motion matrices [M;], [Mz], and [M3].

Analytical Steps of STRUCT
STRUCT performs its task in the following steps:

1. Initialize the error count and print a message indicating that STRUCT is being
executed.

2. Call overlay (L217,2,1) RSTRCT to read the card input data directing the
structural data processing.

3. If control surface freedoms are to be added to the existing generalized mass and
stiffness matrices, call overlay (L217,2,2), FORMAC, to form the matrices [A]
and [C]. (See sec. 3.2.2.)

4. Call overlay (L217,2,3), FORM13, to generate the matrices [M;], [M3], and
[M3] and save them on the temporary storage file named S2L217.

5. Print a message indicating that STRUCT is finished and return to the main
overlay, L217.

If errors were detected in the secondary overlays, the program jumps to step 5.
The macro flow chart of this overlay is shown in figure 5.
The routines called are displayed in table 2.

I/ODevices of STRUCT

STRUCT prints two messages on the output file; NOW IN STRUCT...and STRUCT IS
FINISHED... . All other file communication in STRUCT is performed by its secondary
overlays. Figure 6 shows the files providing input and output to STRUCT’s overlays.

In subsections 3.2.1 through 3.2.3, the matrices read from and written onto each file
are listed. (See sec. 6.4 of vol. I, Engineering and Usage, for detailed description of the
format and content of files used for external communication.) Section 3.6.3 of this
volume contains the same information for files used only within 1217 (EOM) for
temporary storage. :
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ENTRY

NERROR =0

v

Print “"NOW
IN STRUCT ...”

‘IOvertay (1217, 2, 1)
RSTRCT. '

Overlay {L217, 2, 2)
FORMAC

Overlay (L.217, 2, 3)
FORM13

Print "STRUCT
IS FINISHED"”

{

Read structural
card input data.

Form [A} and [C]
only if controt
surface freedoms
are being added.

{Form (M4] - [(Mg]

Figure 5. — Macro Flow Chart of Overlay (L217, 2, 0), STRUCT
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Table 2. — Routines Called by STRUCT

OVERLAY (L.217,2,0)

PROGRAM STFUCT

FORMAC - OVERLAY (L217,2,2)

FOEM13 - OVERLAY (L217,2,3)

KSTRCT =  OVERLAY(L217,2,1)

B 4
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L217,2,0
-, STRUCT

Card set

20
| |
| |
| |
| I
I [

4 | v |
L217,2,1 L217,2,2
RSTRCT FORMAC

[CSDATA] [A)
{"é‘]] [c)
[CSDATA]

h 4

GSTIFF

K]

L217,2,3
FORMI13

Si1L217

Figure 6. — Files Providing Input/Output to STRUCT Overlays

M1 (M5l [Mg]
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3.2.1 OVERLAY(L217,2,1), RSTRCT
Purpose of KSTRCT

RSTRCT reads the card input data directing the processing of structural data. Options
and constants are stored in labelled common blocks for later use. If either the
generalized mass or generalized stiffness matrix is read from cards, it is written onto
the temporary storage file named S1L217 for later retrieval by overlay (L217,2,3),

-FORM13.

The macro flow chart of this overlay is shown in figure 7.
The routines called are displayed in table 3.
I/0 Devices of RSTRCT

RSTRCT reads card images from the input file and prints them on the output file
along with descriptive comments and any necessary diagnostics.

When either the generalized mass matrix or generalized stiffness matrii is input on
cards, RSTRCT writes them onto the temporary storage file named S1L217 (see fig. 6).

3.2.2 OVERLAY(L217,2,2), FORMAC
Purpose of FORMAC
FORMAC is called to generate the matrices [A] and[C]. The two matrices will
become partitions of [M3], the generalized mass matrix. They represent
control-surface, generalized coordinates being added to the original structural data.
Analytical Steps of FORMAC
FORMAC generates [A] and [C] in the following steps:

1. Open the files ICSTPE (containing the control surface data) and SATAP, (the file
of interpolation arrays). Set aside storage for the arrays [¢], [MCS], and
[CSDATA].

Repeat steps 2 through 5 for each control surface adding freedoms; ICS = 1,
NCSEF.

2. Read the nodal data for control surface IS from S1L217.
3. Call BLDMCS to add the control surface mass and inertia data to [M(.JS].
4. Read the interpolation array {SA} for the control surface from SATAP.

5. Interpolate for the modal deflection and/or slopes as requested and build the
matrix [¢]. _



Print “STRUCT.
CARD INPUT ..

initialize options
to default

¥

FETAD opens
StL217

v

IRDCRD reads
a data card

v

Process the
*'SIZE" card

v

"STARTR
initializes
VARDIM storage

Extensive error
checking and _
diagnostics not shown.

IRDCRD reads

a data card
Process data from
# END the optional cards.
d Please see program
listing. .
= END

FETDEL closes
St1L217

Figure- 7. — Macro Flow Chart of Overlay (L217, 2, 1), RSTRCT
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Table 3. — Routines Called by RSTRCT

OVERLAY (L217, 2, 1)

PROGFKAM RSTRCT

DELETR+

FETAD+

FETDEL+

INITIR+

IEDCRD+

MATCRD

NAMFIL+

kDCSCD IRDCRD+
SETMFL

STARTR+

WRTETP+

+ indicates a routine from the DYLOFLEX

alternate subroutine library. -
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6. Close the files ICSTPE and SATAP.

7. Initialize the file S1L217 and generate the temporary array.
[PCSTM] = [pcgl T (MCS]

8. Generaté [A] and write it on S1L217.

[A] = [PCSTM] [¢gT].

9. Generatt; [C] and write it on S1L217.
[C] = [PCSTM] [$csg].-

10. Return to the calling program.
The macro flow cha;t of this overlay is shown in figure 8.
The routines called are displayed in table 4.

1/0 Devices of FORMAC
FORMAC'’s communication via external files is displayed in ﬁgurq, 6.
FORMAC reads from the files:
S1L217 the control surface nodal data written there by RSTRCT

SATAP the modal interpolaton array(s) specified by surface number on card input

FORMAC writes onto {he file:
S1L217 the matrices [A] and [C]
3.2.3 OVERLAY(L217,2,3), FORM13

Purpose of FORM13

FORM13 generates the structural equations of motion ([M;], [M2], and [M3]) and
saves them on the temporary storage file named S2L217.

Analytical Steps of FORM13
FORM 13 performs its tasks in the following steps:

1. Initialize the outpu.t file S2L217 and variably dimensioned array storage.
Initialize the array[Mz], if structural damping was specified by the user.

19



Initialize the files
ICSTPE and SATAP
and the arrays

[¢] [MCS] [CSDATAI]

"BLDMCS to
construct [MCS]

AINTL interpolate
for part of [@]

ICS =1, NCSEF [coordinates.
StL217 .

Loop on control surfaces
adding new generalized

Call READTP to
read [CSDATA]

Call READTP to
SATAP Jread {sA}.
Reference

L

AINTG interpolate
for part of [¢)

)

< NCSEF

ICs

= NCSEF

Close the files
ICSTPE and SATAP
and open S1L217

Figure 8. — Macro Flow Chart of Overlay (L217,2,.2), FORMAC



CATBD forms
[PCSTM] = [¢pog] T [MCS]

¥

MATMLT forms
[A] = [PCSTM] [¢ST]

: Call WRTETP to
S1L217 write [A].

MATMLT forms
[C] = [PCSTM] [¢pg)

Call WRTETP to

y S1L217 'write icl

Close the file
S1L217

Figure 8. — (Concluded)
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Table 4. — Routines Called by FORMAC

OVERLAY (L217,2,2)

PROGRAM FORMAC

AINTG+
AINTL+
ELDMCS
CATEBED

DELETR+
FETAD+
FETDEL+
INITIR+
MATMLT
PRINTM+
READTP+
SETMFL
STAK TR+

WRTETP+

+ indicates a routine from the DYLOFLEX

alternate suroutine library.
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SR ST TR

-

2. Initialize [Ml],' read the generalized stiffness matrix into its upper left partition,
scale if requested, and write[M; ] onto the file S2L217.

3. If structural damping was requested, read the damping factors into [I\.Jz] and
multiply them by the square root of the corresponding diagonal elements of

[M,].

4. Erase [M;], initialize [Mgz], and read the generalized mass matrix into the
upper left partition. '

5. If structural damping was requested, multiply the elements of [l\'dz by the
square root of the corresponding diagonal elements of [M3], and write [ 2] onto

S2L217.

6. Read the matrices [A] and [C] from S1L217 and store in [M3] as shown in the
following equation, and write [M3] onto S2L217.

iM11A]T
M3] =
[A]IC]

Note: [A] and [C] are present only when new generalized coordinates are being
added.

7. Write an end of file on S2L217, close the file, and return to the calling program.
The macro flow chart of this overlay is shown in figure 9.

The routines called are displayed in table 5.

I/0 Devices of FORM13
FORM13’s communication via files is displayed in figure 6.
FORM13 reads from the files:
GMASS Generalized mass matrix (if not read from cards).

GSTIFF Generalized stiffness matrix (if not read from cards).

S1L217 Matrices [A] and [C] (if control surface freedoms are being added) and the
matrices[M] and [K] if they were read from cards by RSTRCT.

FORM13 writes onto the file:

S2L217  the matrices [M;], [M2], and[M3]

23



ENTRY

FETAD opens
s2L.217

Initialize the array[M 1]
and optionally,[M2]

v

MATAPE reads
[K] into [M]]

Double [M4] to
account for half
airplane

J

Call WRTETP to
write [M1] .

o ——

MATAPE reads
GSD into {M,)]

v

MLDIAG = %
[M,] = (M) [M;]

J

Erase [M,] and
“initialize {M3]

Figure 9. — Macro Flow Chart of Overlay (L217, 2, 3), FORM13




o
m
o

MATAPE reads
[M] into [M3]

Double [M3] to
account for half
airplane

-0 MLDIAG = %
[Ma] = [M,] [M3]

S2L.217 {

>0
‘NDOFCS

_ MATAPE reads
=0 [A] into [Mg]

v

MATAPE reads
[C} into [M3]

¥

TRANAB transposes
]into [M3]

)

Figure 9. — (Continued) .

Call WRTETP to
write [M2] .

25
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Call WRTETP to
.S2L217  {write (M3].

FETDEL
closes S2L.217

Figure 9. — (Concluded)
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Table 5. — Routines Called by FORM13

OVEERLAY (L217,2,3)

PROGKAM FORM13

DELETR+

FETAD+

FETDEL+

INITIR+

MATAPE FETAD+
FETDEL+
READTP+

MLDIAG

PRINTM+

SCIMLT+

SETMFL

STARTE +

TRANAE

WETETP+

+ indicates a routine from the DYLOFLEX

alternate subroutine library.
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3.3 OVERLAY(L217,3,0), FLXAIC

Purpose of FLXAIC

FLXAIC generates aerodynamic force matrices and equations of motion coefficient
matrices based upon the AIC matrices (APO) generated by FLEXSTAB (ref. 3).

Analytical Steps for FLXAIC

FLXAIC performs its task in the following steps:

1.

Initialize the error count and print a message indicating that FLXAIC is being
executed.

Call overlay (L217,3,1), FLXCDS, to read FLXAIC card input data.

Call overlay (1L217,3,2), FLXGEO, to read geometry data from the FLEXSTAB file
known as GDTAPE.

Call overlay (L.217,3,3), FLXMOD, to interpolate for the modal data required by
FLXAIC. .

Call overlay (L217,3,4), FLXFRC, to calculate the aerodynamic forces at all force
points.

Call overlay (L.217,3,5), FLXODR, to sort the aerodynamic forces and prepare the
output file known as EOMLOD.

Call overlay (L217,3,6), FLXEOM, to generate the aerodynamic equations of
motion matrices and write them onto the file EOMTAP after the structural
equations of motion matrices.

Print a message indicating that FLXAIC is finished and return to the main
overlay, L217.

If errors were detected in the secondary overlays, the program jumps to step 8.

The macro flow chart of this overlay is shown in figure 10.

The routines called are displayed in table 6.

The equations solved by FLXAIC are summarized as follows:



JREp -

T e e

Ry

R s

Sl TR

ENTRY

NERROR =0

¥

Print “NOW
IN FLXAIC...”

"

Overfay (L217,3,1)
FLXCDS

y

Overlay (L217,3,2)
FLXGEO

¥

Overlay (L217,3,3)
FLXMOD

v

Overlay (L217,3,4)
FLXFRC

¥

Overlay (L217,3,5)
FLXODR

Y

Overlay (L217,3,6)
FLXEOM

Y

Print “FLXAIC
ISFINISHED. ..’

Figure 10. —Macro Flow Chart of Overlay (L217,3,0), FLXAIC



Table 6. — Routines Called by FLXAIC

OVEFLAY (L217,3,0)

PFOGRAM FLXAIC

FLXCDS - OVEFLAY (L217,3,1)
FLXGEO - OVERLAY (L217,3,2)
FLXMOD - OVERLAY (L217,3,3)
IFLXFRC - OVERLAY (L217,3,4)
FLXODR - OVERLAY (L217,3,5)
FLXEOM - OVERIAY (L217,3,6)
FETAD+

FETDEL+

+ indicates a routine from the DYLOFLEX

alternate subroutine library



[F,] = -q [FACI[Z]1[A][AIC] [¢'cp]
[F,] = - [FACI [Z][A][AIC] [6cp)

[FGl = q [FACI{Z][A][AIC] [RG][GC]

[M,] =-[opp) TISFI [F;]
[Ms] =-[¢gp! TISF1[F,]
(31 = léppl TISFIIFG]

An * indicates that thé matrix product is not performed in the normal fashion.

For instance, [2] is actually stored as NTOTF x four but in the matrix multiply, it acts
like a matrix of size NAFP x NTOTF. The [GC] is stored as NACP x one but it acts like
a matrix NACP x NGCP in the matrix multiply. (See description of the file S1L217 just
ahead of fig. 36.)

1/0 Devices of FLXAIC

FLXAIC prints two messages on the output file; NOW IN FLXAIC...and FLXAIC IS
FINISHED... . All other file communication in FLXAIC is performed by its secondary
overlays. Figure 11 shows the files used in FLXAIC’s secondary overlays.

In subsections 3.3.1 through 3.3.6 the matrices read from and written onto each file are
listed. (See secs. 6.4 to 6.5 of vol. I, Engineering and Usage, for detailed descriptions of
the format and content of the files used for external communication.) Section 3.6.3 of
this volume contains the same information for L217 (EOM)’s temporary scratch files.

3.3.1 OVERLAY(L217,3,1), FLXCDS
Purpose of FLXCDS

FLXCDS reads the card input data directing the L217 (EOM) generation of equations of
motion matrices from FLEXSTAB AIC matrices. (See card set 3.0 in vol. I of this
document, Engineering and Usage.) Options, constants, and file names are stored in
labelled common blocks for later use. The card data defining the correspondence
between FLEXSTAB bodies (slender bodies and thin bodies), and the L215 (INTERP)
modal interpolation surfaces are stored in the arrays {BODTAP} and {ICSTAB} and
written onto the temporary storage file S1L217.

The macro flow chart of this overlay is shown in figure 12.

The routines called are displayed in table 7.
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L217,3,0
FLXAIC

‘ From FLEXSTAB

From FLEXSTAB From L215 From STRUCT
ga(;d set GDTAPE SATAP SDDATA S2L.217
Geometry {sA} }ACM}
AlC] M1 Mg M)
N A | h 4 A S 1
L217,3,1 L217,3,2 L217,3,3 L217.,3,4 L217,35
FLXCDS FLXGEO FLXMOD FLXFRC FLXODR

Figure 11

) J

. — Files Providing Input/Output to FLXAIC Overlays



ENTRY

Initialize options
and files

Rewind
Si1L217

IRDCRD reads
a data card

s

Process CONStant
card

T

IRDCRD reads
a data card

Process option or file
data and store
information in
labelled common
blocks

ENDFILE
S1L217

i)

Process thin or slender
body information and
write into the file
s1L217

Figure‘ 12. — Macro Flow Chart of Overlay (L217, 3, 1), FLXCDS
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Table 7. — Routines Called by FLXCDS

OVERLAY (L217,3,1)

PROGRAM FLXCDS

FNDKEY +
IRDCRD+
IFQL+

NAMFIL+

WRTETP+

+ indicates a routine in the DYLOFLEX

alternate subroutine library
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4

I/0 Devices Used

FLXCDS reads card set 3 from the input file and prints the card images on the output
file with descriptive comments and any necessary diagnostics.

FLXCDS writes onto the file:
S1L217  Arrays {IBDTAB} and {ICSTAB} (see sec. 3.6.3 for contents)
3.2.2 OVERLAY(L217,3,2), FLXGEO
Purpose of FLXGEO

FLXGEO reads the FLEXSTAB geometry data from the file GDTAPE, combines it with
the card input data saved on S1L217, and prepares the geometry data required
thoughout FLXAIC. The matrices produced are written onto the file S1L217
(overwriting the arrays of card input data). See section 3.6.2 for a description of the
file’s contents and format.
The macro flow chart of this overlay is shown in figure 13.
The routines called are displayed in table 8.

1/0 Devices of FLXGEO
FLXGEO reads from the files:
S1L217 Arrays {BODTAB} and {ICSTAB} written there by FLXCDS
GDTAPE FLEXSTAB geometry data (see sec. 6.4.6 of vol. I)
FLXGEO writes onto the file:

S1L217 Geometry matrices and arrays directing the FLXAIC processing (see
sec. 3.6.3 for content and format)

3.3.3 OVERLAY(L2173,3), FLXMOD
Purpose of FLXMOD

FLXMOD uses the SA arrays read from the file SATAP (produced by L215 (INTERP)) to
find the following matrices:

[ocp) Modal deflections at the aero control points (thin body box quarter chord
and slender body segment midpoints)

[¢'cp] Modal slopes at the aero control points

[¢rp] Modal deflections at the aero force points



ENTRY )

Initialize geometry -

¥

RFLXGE reads the
FLEXSTAB geometry
from GDTAPE

v

RFLXCD reads the
card data from S1L217
and combines with the
FLEXSTAB geometry
data

Loop on bodies

>.a.

Body
type
T8 | iB SB
SUMSIB forms Set [Z]
o tt[hzi: } bod [Z] for an for slender
or thin body interference body body

(

No Last
body

Yes

Modify [Z] to include A CP factors:
w/2 for SB Y-motion elements
-w/2 for SB Z-motion elements

-1.0 for 1B elements
TB elements unchanged

v

PRTGFP prints
the force point
geometry

Figure 13. — Macro Flow Chart of Overlay (L217, 3, 2), FLXGEO




v

%

PRTGCP prints
the control point
geometry

Y

Transform coordinates from reference
axis system to local axis system

v

Compress force point geometry arrays
to include only SB and TB elements

y

WRTGEO writes the
geometry arrays into
S1L217

Figure 13. — (Concluded)
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Table 8. — Routines Called by FLXGEO

OVERLAY (L2117, 3, 2)

PFOGRAM FLXGEO

GTOLT+
PRTGCP
PRTGFP
RFLXCD ( IRQL+
| READTP+
RFLXGE ( FETAD+
FETDEL+
FSF+
| GzoNES
SUMSIB
WEFTGEO WRTETP+

+ indicates a routine in the DYLOFLEX

alternate subroutine library.
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The DYLOFLEX library routine AINTL is called to interpolate for the modal data using
the SA array(s) from SATAP and the nodal coodinates read from S1L217.

The macro flow chart of this overlay is in figure 14.

The routines called are displayed in table 9.

I/0 Devices of FLXMOD

FLXMOD reads from the files:

S1L217 The matrices

{SURFTB} )
{IPNSRF} all are described in
{x} section 3.6.3

{¥}
{1IPNScP}
{xcP}
{YCP}

SATAP SA arrays from L215 (INTERP). (see vol. I of this document and ref. 5 for a
description)

FLXMOD writes onto the file:

S1L217  Matrices [¢cp), [¢'cp), and [¢Fp]

Note that if the number of modes is greater than 20 the matrices are partitioned and
the trio is repeated as often as necessary to include all modes.

3.3.4 OVERLAY(L217,3,4), FLXFRC
Purpose of FLXFRC

FLXFRC generates the aerodynamic forces matrices [Fy], [F2], and [FG] where:
-] * =]
[F1=-q [FACI[Z]1[A][AIC][¢'cpl

[F,) = -3 [FACI (£][A] [AIC] [¢cp]

[FG]= q [FAC][2]{A][AIC] [RG}{GC]

If the number of modes exceeds 20, the matrices [¢cp] and [¢'cp] are read in
partitions, and the matrices [F;] and [F3] are generated in partitions with the same

number of columns.
The * above the matrices [X] and [GC] indicates that the operation performed is not a

normal matrix multiply. Both matrices are described in section 3.6.3 with the file

S1L217.
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ENTRY

i

Initialize VARDIM storage,
and the files S1L217
and SATAP

Rewind S1L217 and then

?au READTP to r r {?UR 2) ¥
PANSRF}, PANSCP}, {xcP
S1L217 and { YCP} from s1|.21 {

4O

BINSRT places
{SURFTB} in
increasing order

Loop on partitio'ris
IP =1, NPARTS |of the modal matrices.

®
L

Initialize modal arrays-
and determine current
partition size IPSIZE

Rewind
SATAP

Loop on interpolation
18 ISURF =1, NSURF  }surfaces.

Cali READTP to read {SA} for
SATAP |surface ISURF.:

Find control points
on surface ISURF

AINTL interpolates
for deflections and
slopes at control points

Y

Find force points
on surface ISURF

. Figure 14. — Macro Flow Chart of Overlay (L217, 3, 3), FLXMOD
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AINTL interpolates
for deflections at
force points

< NSURF

= NSURF Call V\:’RTETP to write [¢CP] P

[6cp 1yp. and [gp] jp into
the 2nd logicat file of S1L217.

PRINTM prints the IPth
[¢CP] ‘ [¢Cp i, and [¢Fp]

< NPARTS

= NPARTS

End file and REWIND
S1L217

Figure 14. — (Concluded)
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Table 9. — Routines Called by FLXMOD

OVEERLAY (L217,3,3)

PROGEAM FLXMOD

AINTL+
BINSRT
FETAD+
FETDEL+
INITIR+
PFINTM+
READTP+
SETMFL
STARTR+

WRTETP+

¢+ indicates a routine in the DYLOFLEX

alternate subroutine library.
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The mécro flow chart of this overlay is shown in figure 15.

The routines called are displayed in table 10.

I/0 Devices of FLXFRC
FLXFRC reads from the files:

S1L217  Matrices [], [£], [FAC], [GC), [RG], [¢cp]. [¢'cp], and [éFp]
(See sec. 3.6.3 for a description.) _

SDINDX Table describing the FLEXSTAB aerodynamic data on SDDATA

SDDATA  Matrix AIC by rows

The AIC matrix read is known inside FLEXSTAB as Apy . (See sec. 6.4 of vol.1 and
ref. 3 for a complete description of both SDINDX and SDDATA) '

FLXFRC writes onto the file:

S3L217 the matrices

[F1] (partitioned if necessary)
[Fa] (partitioned if necessary)
[FG] (by columns)

3.3.5 OVERLAY(L217,3,5), FLXODR

Purpose of FLXODR

FLXODR sorts the aerodynamic force matrices according to the interpolation surface

number corresponding with each element. The resulting surface force matrices are
written onto the file EOMLOD.

The macro flow chart of this overlay is shown in figure 16.

The routines called are displayed in table 11.

1/0 Devices of FLXODR
FLXODR reads from the files:

S1L217 The matrices
{SURFTB} )
{IPNSRF}
{x}
{v}

{AREA} J

v

See section 3.6.3
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FNDAIC searches
SDINDX to locate
AIC on SDDATA

¥

Initialize VARDIM storage

S1L217

Initialize the files SDDATA
and S3L.217

IP =1, NPARTS

S1L217

SDDATA

I=1,NTOTF

SDDATA

A CALCFF forms part
of [F1] and [F2]

< NTOTF

= NTOTF

S3L217

Rewind S11.217 and call READTP
to read {A}, [Z], {FAC}, {GC}, and {RG}
from the 1st logical file of S1L217.

Loop on partitions
of modal matrices.

!
Call READTP to read {¢cplp and [¢ cpl |p
from the 2nd logical file of S1L217.

Rewind SDDATA and
position SDDATA before AIC.

[Read row | of [AIC].

Call WRTETP to write [F4] |p and
[F5] p into S3L217.

Figure 15. — Macro Flow Chart of Overlay (L217 3, 4), FLXFRC
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< NPARTS

= NPARTS

. Rewind and position SDDATA
SDDATA before AIC.

I=1,NTOTF .
r {Read row | of [AIC].
SDDATA
# CALCFG forms part
of [FGUST]

<NTOTF

=NTOTF
I =1, NGCP

Call WRTETP to write column |
S3L217 of [FGUST] into S3L217.

Close the files
SDDATA and S3L217

Figure 15. — (Concluded)
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Table 10. — Routines Called by FLXFRC

OVERLAY (L217,3,4)

PFOGRAM FLXFRC

CALCFF VIP+
CALCFG
DELETK+
FETAD+
FETDEL+
FNDAIC
FSF+
FSE+
INITIR+
PRINTM+
READTP+
STARTR+

WRTETP+

+ indicates a routine from the DYLOFLEX

alternate subroutine library.
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Initialize VARDIM storage

Rewind S11.217 and call READTP \
s1L217 | toread {SURFTB}, {IPNSRF}, {x}, {vi,
and {AREA} from S1L217.

Compress{AREA}to

include only SB and TB
elements

;

BINSRT places{SURFTB}
in increasing order

@ —» ) ISURF = 1, NSURFO ‘ Loop on outpujt

surfaces.

SLCTEL selects the
elements of surface
number IS

v

SELROW selects X and
Y coords. and AREAS
for surface IS

N

Call WRTETP to write [X, Y], {AREA},
and {FREQM} for surface IS into

{ EOMLOD. Note empty files are
EOMLOD written into EOMLOD for surfaces
not defined.

>0

PRINTM prints
[X, Y] {AREA},
and {FREQM}

geassia . eSS

Figure 16. — Macro Flow Chart of Overlay (L217, 3, 5), FLXODR

S-S s

|
l,




Rewind
S3L217
- IP= 1, NPARTS ‘
{ Call READTP to read [F4] jp.
s3L217

SEL.ROW selects rows

* ‘ Call READTP to read [F2] T
S3L217

SELROW selects rows
of [F2] iP for [F2] IS

< NPARTS 0

= NPARTS
Call WRTETP to write [F1] IS and

(F5] |g into EOMLOD.

EOMLOD

PRINTM prints
[Fqljgand [Fol g

Figure 16. — (Continued)



- J=1, NGCP

Call READTP to read column J
of [FGUST).
S3L217

A SELROW selects rows
of {FGUST} | for [FGUST],g

Call WRTETP to write [FGUST]
EOMLOD { into EOMLOD. 'S

PRINTCM prints
[FGUST] IS

End file
EOMLOD

< NSURFO \SURF

= NSURFO

Close S3L217
and EOMLOD

\/

Figure 16. — {Concluded)
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Table 11. — Routines Called by FLXQDR

OVEF LAY (L217, 3, 5)

PROGRAM FLXODE

BINSRT
DELETR+
FETAD+
FETDEL+
INITIR+
PEINTM+
PENTCM+
READTE+
SELROW
SETMFL
SICTEL
STAFTR+

WRTETP+

+ indicates a routine in the DYLOFLEX

alternate subroutine library



83L217 The matrices
[F1] (partitioned if necessary)

[Fa] (partitioned if necessary)
[FG] (by columns)

FLXODR writes onto the file:

EOMLOD The following matrices for each surface in a separate logical file

xy]

{AREA} See section 6.5.2
[F1) ( of volume I

[F2]

F6) |

3.3.6 OVERLAY(L217,3,6), FLXEOM

Purpose of FLXEQOM

FLXEOM generates the file EOMTAP containing the equations of motion matrices
[My], (M2], [Ms], [Mg], [M5]. and [E] The structural equations of motion ([M;],
[Mp], and [M3]) are copied from S2L217 where they were stored by STRUCT. The
aerodynamic equations of motion are formed

[Mg] = - [¢gp) TISFI(F))
(M5l = - (égp) T(SFi [Fs]
(31 = Ioppi TISEIIFG)

using the [Fy], [Fo], and[FG] stored on S3L217 by FLXFRC.
The macro flow chart of this overlay is shown in figure 17.

The routines called are displayed in table 12.

I/0 Devices of FLXEOM
FLXEOM reads from the files:
S1L217 The matrices
a

(SF] from the first logical file

[¢rp] from the second logical file
S2L217 The matrices

[y ]

350y {optional)

[Ms]
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Initialize VARDIM
storage and the
file EOMTAP

v

CPYM13 copies
[M'I! [Mz] and [M31

from §2L217 to
EOMTAP

Rewind S1L217 and call

S1L217 { READTP to read [SF}

_ Loop on partitions
iP =1, NPARTS { of M’FPI'

§1L217 Call READTP to read {¢ppl 4p-

Rewing
S3L217

Loop on partitions
JP =1, NPARTS of IF1} and [F2]

—
31217 Call READTP 1o read [Fy} 4p.
GENEOM uses wFP] P
and [F-|]Jp to form
part of [My]

Call READTP to read [Fy] jp.
330217

GENEOM uses [¢epl p |
and [F2] jpto form

part of (Mg]

< NPARTS

= NPARTS

Figure 17. — Macro Flow Chart of Overiay (1.217, 3, 6), FLXEOM



—~ IG = 1, NGCP

Calt READTP to read {FGUST} .
53L217

GENEOM uses [dgpl |p
: .- - and {FGUST},5 to
: S ‘ form part of [§]

\ . < NGCP

< NPARTS

= NPARTS
u SCLMLT mulitiplies
both [M,] and [Mg]
by -1.
Call WRTETP to write [Mg], [Mg], 1o}
EOMTAP and {¢] onto EOMTAP.
=0
IPEQUA \
>0
PRINTM prints Y

[Mg], Mg1, {fg}and (]

O
End file
EOMTAP

Figure 17. — (Concluded)
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Table 12. — Routines Called by FLXEOM

OVEFLAY (L217, 3, 6)

PROGRAM FLXEOM

CPYM13

DELETR +
FETAD+
FETDEL+
GENEOM
INITIR+
PKINTM+
PRNTCM+
READTP+
SCIMLT
SETMFL
STARTR+

WRTETP+

+ indicates a routine in the DYLOFLEX

I FETAD+
FETDEL+
PRINTM+

READTP+

LWETETP+

VIP+

alternate subroutine library



S3L217 The matrices

[Fq] (partitioned if necessary)
[F2] (partitioned if necessary)
[FG] (by columns)

See section 3.6.3 for a detailed description of S11.217, S2L217, and S3L217.
.FLXEOM writes the following matrices onto the file EOMTAP:

{HEADER} ’
[M]
[Mg] (optional)

[M3] i See section 6.5.2
{FREQM} of volume I

[M4]
[Ms]
{fo}
[4]

3.4 OVERLAY(L217,4,0), DLAIC
Purpose of DLAIC

DLAIC generates aerodynamic force matrices and equations of motion coefficient
matrices based upon the L216 (DUBFLX)(ref. 4) Doublet Lattice AIC matrices.

Analytical Steps of DLAIC
DLAIC performs its task in the following steps:

1. Print the message NOW IN DLAIC TO...,, initialize the count of errors, and
initialize the scratch file named S1L217.

2. Call overlay (1.217,4,1), DLACDS, to read card set 3.0.
, 3. Call overlay (L.217,4,2), DLAGEO, to read the Doublet Lattice geometry data from
| NGETP, combine it with card input data from DLACDS, and prepare geometry
arrays needed in steps 4 through 10.

4. Call overlay (L217,4,3), DLAMOD, to interpolate for mode shapes at force and
control points.

Repeat steps 5 through 8 for each frequency at which the aerodynamics are
defined.

e i YRS

i




10.

11.

Call overlay (L217,4,4), CPANDW, to generate the arrays [CPgg], [CPGgg].
[Wrg], and [WGTB].

Call overlay (1.217,4,5), FORMWS, to generate the arrays [W] and [WG].

Call overlay (L217,4,6), SOLVDW, to solve the equation for [Acp],
[D][Acp] = [W/WG].

Call overlay (L.217,4,7), DLAFRC, to generate the arrays [FR] and [FG].

Call overlay (L217,4,10g), DLAODR, to sort the aerodynamic forces per surface and
write them onto the file EOMLOD.

Call overlay (1.217,4,11g), DLAEOM, to prepare [M4], [M5], and [3] and generate
the file EOMTAP.

Return to the calling program.

The macro flow chart of this overlay is shown in figure 18.

The routines called are displayed in table 13.

The equations solved by DLAIC are summarized as follows:

where:

(0]

[FR) = [FAC]|-ssmanaressansses +q(Z 1 [Apg1p] (D171 W4 yg]
a[Aggl [CPgR]

[¢cplTB iwlécplTB
[Waygl = === R + [F][CPgp]

[CPgpl = 27 Eml +52 “0“] [[¢’CP] s+ 1écp] SB]+ m[R] [[‘»”Ep] sp +4209Cp] SB]

o * o
[FG] = [FAC] [-ssgeemsmrsceceecs +alZ] [Aggg! (D171 WG,y
q[ASB] [CPGSB] TB/IB AUG
1 m{G]TB [GCltg
L (ol (ol
) a 2“' os *
and:  [CPGggl =-ZX|[R'] [GC SB]]




e S T

ENTRY

Print ’“NOW IN
DLAIC...”

FETAD opens
S1L217

v

Overlay (L217, 4, 1)
DLACDS

v

FETAD opens
NAETP

v

Qverlay (L217, 4, 2)
DLAGEO

K

QOverlay (L217, 4, 3)
DLAMOD

— IFREQM = 1, NFREQMm  {Loopon
frequencies,

Overlay (L217, 4, 4)
CPANDW

Overlay (L217, 4, 5)
FORMWS

4 Overlay (L217, 4, 6)
SOLVDW

v

Overlay (L217, 4, 7)
DLAFRC

L < NFREQM

IFREOM

= NFREQM

Figure 18. — Macro Flow Chart of Overlay (L217, 4, 0}, DLAIC
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Overlay (L217, 4, 10)
DLAODR

v

Overlay (L217, 4, 11}
DLAEOM

-y

FETDEL closes
NAETP and S1L.217

Print “DLAIC
IS FINISHED"

Figure 18. — (Concluded)




‘<. T M

Table 13. — Routines Called by DLAIC

OVEFLAY (L2117, 4, 0)

PFOGFAM LCLAIC

CPENDW
DLACDS
DLAEOM
DLAFRC
CLAGEO
DLAMOD
DLAODR
FORMWS
SOLVDW
FETAD+

FETDEL+

OVEKLAY (L217,4,4)
OVERLAY {(L217,4,1)
OVEFLAY (L217,4,11)
OVERLAY (L217,4,7)
OVERLAY (L217,4,2)
OVERLAY (L217,4,3)
OVERLAY (L217,4,10)
OVERLAY (L217,4,5)

CVERLAY (L217,4,6)

+ indicates routines from the DYLOFLEX

alternate subroutine library
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[Fy1 = [FRIReq)

[FZ] = [FR] Imaginary

_ T o .

[QR] = [¢FP]TB/SB [SF] [FR] Note: For a quasi-steady
= _ solution, the two

[Mgq] = -[QR] Real expressions of

l—v('-'-’in [C_PSB] become

o .
IMg) = -~[QR] Imaginary simply—i,—.

(31=[0pp) 1p/5p [SF) [FG]

1/0 Devices of DLAIC

DLAIC prints two messages on the output file; NOW IN DLAIC..., and DLAIC 1S
FINISHED.... All other file communication in DLAIC is performed by its secondary
overlays. Figure 18 shows the files providing input and output to DLAIC’s overlays.

In subsections 3.4.2 through 3.4.9 the matrices read from and written onto each file are
listed. (See secs. 6.4 through 6.5 of vol.I, Engineering and Usage, for detailed
descriptions of the format and content of the files for external communication.) Section
3.6.3 of this volume contains the same infomation for L217 (EOM)’s temporary

scratch files.

3.4.1 OVERLAY(L217,4,1), DLACDS

Purpose of DLACDS
DLACDS reads card input data directing the processing of Doublet Lattice (L216) AIC
matrices. (See card set 3.0 in vol. I of this document, Engineering and Usage.) Options,
constants, and file names are stored in labelled common blocks for later use. The card
data defining the correspondence between Doublet Lattice bodies (thin bodies and

slender bodies) and the L215 (INTERP) modal interpolation surfaces are stored in the
arrays {IBDTAB} and {ICSTAB} an