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NASTRAN POSTPROCESSOR PROGRAM FOR
TRANSIENT RESPCNSE TO INPUT ACCELERATIONS

By Robert T. Wingate, Thomas C. Jones, and
Maria V. Stephens

NASA Langley Research Center
SUMMARY

The description of a transient analysis program for computing structural
responses to input base accelerations is presented. A "hybrid" modal formula-
tion is used and a procedure is demonstrated for generating and writing all
modal input data on user tapes via NASTRAN., Use of several new Level 15
modules is illustraicd along with a problem associated with reading the post-
processor program input from a user tape. An example application of the pro-
gram is presented for the analysis of a spacecraft subjectel to accelerations
initiated by thrust transients. Experience with the program has indicated it
to be very efficient and economical because of its simmlicity and small central
memory storage requirements.

INTRODUCTION

Design loads in aerospace subassemblies or components are often specified
in terms of induced acceleration at the mounting interface. This concept has
been traditionally used to qualify aerospace hardware by subjecting it to
prescribed input accelerations on a vibration exciter, Transient analyses of
subassenblies for prescribed acceleration inputs at the interface are, there-
fore, valueble for designing and augmenting vibration tests, and for computing
design loads where vibration tests are not practical.

The transient analysis in the current level of NASTRAN (Level 15.1) does
not directly provide for input acceleration forcing functions. By using the
artifice of placing a large mass (with respect to the total system mass) at the
desired acceleration input point, an input force equal to the total mass times
the prescribed acceleration will approximate an acceleration input. Theoreti-
cally, as the fictitious added mass becomes infinite, the answer becomes exact.
But as the mass becomes large, the mass matrix tends to become 1ll conditioned.
Experience has indiceted the "fictitious mass" approach is not desirable.

In addition, the current NASTRAN transient analysis allows for initial
conditions only in the direct formulation. The modal formulation, which is
generally faster and more economical to run, assumes zero initial conditioms.
In transient analyses of prestrained structures (auch as a missile just prior
to a burnout transient), the initial conditions become very important in pre-
dicting the magnitude of the structural loading.
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The purpose of this paper is to describe a transient analysis program
which has been developed in circumvent the abovementioned NASTRAN liaitations.
This program employs a modal formulation and allows for nonzero initial condi-

tions.

It is assumed that the modal input data have been generated and written

on user tapes by NASTRAN. Hence, the program is termed a postprocesso. program.

A complate derivation of the program theory is presented along with a
detailed discussion on the generatioan and reading of NASTRAN user tapes. This
exercise demonstrates the versaiility of several of the new modules added to
Level 15.1 as well as some of the limitations of user tapes. Finally, an example

application of the program to the transient analysis of a spacecraft is presented.
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SYMBOLS
rigid body transformation matrix for £ set
internal members load vector
identity matrix
stiffness matrix
mass matrix

generalized mass matrix (equation B10)
coupled flexible body, rigid body mass matrix (equation 5)

matrix of modal element force vectors

expansion of rigid body transformation matrix to g set
vector of displacement components

time derivation of modal coordinate vector (equation 10)

critical viscous modal damping coefficient matrix
eigenvalue matrix

matrix of modal eigenvectors

vector of modal coordinates

Subscripts: (See Appendix A)

subset of total members in structure

suhset of g set
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Notation:
[ 1] square or rectangular matrix
[ ]T transpose of matrix
td diagonal matrix
{1} column matrix

PROGRAM THEORY

In this section, the theoretical basis for a program to compute the
transient response of a structure to acceleration forcirg functions is given.
The equations of motion are developed in terms of a "hybrid" modal formulation
and reduced to a form which makes maximum use of NASTRAN generated eigenvalue
data. Numerical solutions to the resulting equations are discussed along with
treatment of the initial conditions. Finally, equations are presented for con-
verting the modal response data into transient member loads and grid point
accelerations.

In the derivations an attempt has been made to generally utilize the nota-
tion presented in the NASTRAN Manuals (refer¢ ces 1, 2, and 3) for ease of
reading and implementation of the resulting e. 1ations. In particular, the set
notation of Appendix A, which is taken from Section 1.7.3 of reference 3, is
used throughout; although, the r set has a somewhat different meaning herein.
This difference will become apparent in the course of the derivation.

Equations of Motion

Assuming no external loads are acting on the grid points of a structural
system, the undamped equations of motion for displacement set { ), become

Ee

where E{aa] and [Kaa] are the reduced mass and stiffness matrices, respec-

tively (see Section 3.5 of reference 2). It is assumed that the system described

by equation (1) is not completely constrained against rigid body motions (i.e.,
it can have from 1 to 6 rigid body degrees of freedom)., Equation (1) may be

partitioned as follows:
K
- (2)
K
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where by definition, the subset {ur} of the displacement vector {ua}’ if con-

strained, would be just sufficient to eliminate rigid body motion without intro-
ducing redundant constraints. Selection of the subset {ur} is arbitrary and

for the present analysis it is chosen to correspond to the input acceleration
degrees of freedom (a.d.o.f.), and it is specified on a NASTRAN "SUPORT" Bulk
Data Card. It should be noted that by using the r set for input accelera-
tions,the a.d.o.f. are restricted to a maximum of six. This restriction is not

a major limitation since the base of many components can be assumed to be rigidly
constrained to a plane. The redundant points in the base can thus be assumed

to be rigidly attached to a cingle acceleration input point.

The mathematical problem at hand is to determine the transient response
of the{uz} subset to prescribed{ﬁr} inputs., A solution using a modal formula-

tion is presented in the following. This approach allows a significant reduction
in size of the problem with little loss in accuracy by truncating the number of
modes included in the solution.

Modal Coordinate Transformation

The following "hybrid" transformation between modal coordinates (£) and
physical coordinates (u) is introduced:

- Py

where is the rigid body mode matrix associated with the rigid body motion
of the strﬁcture in response to displacements of the {u } coordinates; [§2£]

is the matrix of eigenvectors of the structure with the {ur} coordinates

constrained to zero (see Appendix B); [? is the identity matrix; and {Ei}
is the vector of flexible body modal coordinates.

Modal Equations of Motion

Substituting equation (3) into equation (2); premultiplying by the trans-
pose of the transformation matrix, and using equations (B5), (B6), (B1l0), and
(B11) of Appendix B leads to the following

' r‘l W 5
“\-----+ i |}{---o (%)
risnrr ur i
- = 1T _ [T
[“uJ - E‘u] - %1] [“u”zr + “z{l (5)

where
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The upper partition matrix of equation (4) yields
- -1
2 . F= = -
te b+ [w, Yt = -[w,] (¥ ) (7

Adding viscous modal damping to equation (7) yields the desired equation
of motion of the system as

(€} + BewJeE, + [o 28, = —[Hi ] [ )06 (8)

where Bi is the critical viscous damping ratio for the ith mode.

With the exception of the Bi values all of the other coefficient values

are easily obtained as output quantities from a NASTRAN normal mode analysis
(Rigid Format 3).

Method of Solution

The method of solution used in the program to solve the equations is a
standard fourth order Runge-Kutta numerical integration routine with variable
step size error control. Use of this subroutine required reduction of equation
(8) tu first order and generation of the initial conditions in terms of modal
coordinates. These procedures are discussed in the following sectioms,

Reduction to first order equations. - Integration via the Runge~Kutta Sub-
routine requires the system equations to be a set of first order differential
equations of the form

{9j} = {fj(yl’ Yor o o yu)} j=1,2, .. .n )

Equation (§) can be transformed to the form of ( 9) by introducing the auxiliary
variable {vi} where

{51} = {vi} (10)

Using equation (10), equation (8) then leads to
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(v,} = -[28,0]tv,} - [“123{51} - tl/ﬁiﬂ[ﬁir]{ﬁr} an

Equations (10) and (11) are now a set of equations in the form of equation (9)
(as required) and are integrated simultaneously.

Initial conditions. - If the initial conditions are known for each of the
{ua} coordinates, then the modal initial conditions can be determined by pre-

multiplying equation (3) by the matrix

%1' 0 Ku S
T r_ |
£r|I KrllKrr

using equations (B5), (B6), and (Bll); and solving for {Ei} to obtain

I S I

By taking the time derivative of both sides of equation (12), the initial condi-
tions for {E } can also be determined in terms of {ug} and {u } values.

Since the initial conditions are not generally known in terms of the {ua}

coordinates, a different approach was taken for the present program. This
progrea assumes

{Gi(o)} =0 (13)

and
{vi(O)} =0 (14)

that is, the structure is assumed to be initially in a steady state deformed
position. The initial conditions are then computed from equation (11) as

Equations (14) and (15 thus yield the necessary, initial conditions
for numerical integration of equations (10) =nd (11),
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Computed Response Data

Having obtained the transient response of the modal coordinates, it is
desirable to transform these variables into transient member loads and accelera-
tions in terms of the physical {ua} coordinates.

The member loads are given by superposition as

{r } = [?aiJ{Ei} (16)

where [P is a matrix of modal element force vectors for an arbitrary subset
ai Ty

o of the total members in the system and {F_} 1is the total load vector corres-
ponding to the subset a. The modal member load vectors are obtainable as stan-
dard output from a NASTRAN Normal Mode Analysis.

Using equation (10), the grid point accelerations are computed from the
second time derivative of the upper partition of equation (3) to be

(B} = [o,0v,} + [re,,] 08, an

where Y 1s an arbitrary subset of the g set and [?Bgé] is a merger of
the rigid body transformation matrix [?2;] with the o, 8 , and m sets.
The matrices [égi] and [RBgé] are generated by NASTRAN and the subject

postprocessor program selects the subset 7y to be picked up for use in equation
(17). The quantity {61} is given by equation (11) and {u_} 1s a given input
vector.

r

I1f the quantities {u_} and {GY} are also desired, equation (17) can be

reduced to a set of first order equations to be integrated simultaneously with
equations (10) and (11). For the present program, however, this was not done.

NASTRAN GENERATED INPUT DATA

The rigid body and flexible body modal data necessary for solution of the
foregoing equations are easily generated by a NASTRAN Normal Mode Analysis and
written out on user tapes. Hence, the pr2sent postprocessor program is designed
to read the majority of its input directly from the NASTRAN user tapes.

A DMAP alter package is required to generate part of the NASTRAN data and
to write the user tapes. Also, interrogation of the user tapes to read the
data requires special considerations. Both of these aspects are discussed

in the following sections.
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DMAP Alter Package for Normal Mode Analysis

A listing of the DMAP alter package is given in Appendix C. A brief dis-
cussion and explanation of the most significant statement is given in the
following tabulation., Note the use of the new Level 15 modules VEC, UMERGE,
and OUTPUT2. (See sections 3,4, 5.2, and 5.3 of ref. 1 and section 3.5 of ref. 2)

DMAP Alter

Statement No. Function

2 and 3 Merge an r x r null matrix with the
Dlr matrix to create a pseudo a xr

size rigid body modal matrix

o] - (s, )

4 through 20 Merge the omitted coordinates, single
point constraint coordinates, and the
multipoint constraint coordinates, if
pcesent, with [?Baé] to obtain [?Bgt]

6 Recovery of omitted coordinates
(%] = [Coal[ **ar]
7 and 8 Merging of omitted coordinates
RB
ar
or
12 and 13 Mergzng of SPC constraints assuming they
AYe zero
RB .
fx
1% [ |
b - ; -
17 Recovery of dependent MPC coordinates '
= 3
0] " Cond(Pes] ;
18 and 19 Merging of dependent MPC coordinates :
21 Prints Eu;

o
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DMAP Alter

Statement No. Function

22 and 23 Write [?Bgr] on a user tape

24 and 25 Change the eigenvalue problem from "a"
size to "" size in agreement with equa-
tion (39)

26 and 27 Change the checkpointed modal matrix
from "a" size to "' size

29 Merging of the '"r" coordinates constrained

to zero with the "l" size modal matrix

i

30 and 31 [Mir:l [¢M] EMQ,R. Q.r ]

32 Prints [Mirj
33 Writes [xir] on a user tape
35 and 36 Write the modal deflections (OPHIG),

the modal SPC forces (0QGl), and the
modal element forces (OEF1l) on a user
tape

Interrogation of User Tapes

When using NASTRAN user tapes for input to postprocessor programs, the
analyst must read the tape and selectively extract the required input from the
totality of data present. This task requires either a prior knowledge of the
format used in writing the tape or interrogation of the tape to see how it is
written.

Unfortunately, the user tapes generated by NASTRAN are written in unfor-
mated binary (i.e. with a mixture of integer, floating point, and alphanumeric
formats). In addition, some of the data is packed (i.e., zeros omitted). This
randomness eliminates a prior knowledge of the format.

Interrogation of the tapes using standard tape dump routines is also some-~
what futile since these programs read and print all data in a single format,
To illustrate this problem, 19 records of a typical user tape, written to an E
format, are listed in figure 1. Obviously, much of the data given is meaning-

less.
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f This interrogation problem was circumvented for the preseat program by

) writing a special tape dump program for the Langley Research Center ZDC 6000

, series computer to read and print the mixed format. The program logic was
patterned after the NASTRAN module TABPRT and a listing is given in Appendix
D. Using the Appendix D program, the same tape used to generate figure 1 was
again read and the results are given in figure 2. From this improved interro-
gation the analyst can easily find where desired data are located and adjust
the read statements in the postprocessor program accordingly.

From the foregoing discussion, it 1s apparent that a postprocessor pro-
gram must be dynamic. That is, the input read statements must be continually
changed to fit each new problem after intcrrogation of the user tape.

EXAMPLE APPLICATION

The subject transient analysis program was developed in support of the
Viking Project, which has a mission to soft-land a scientific payload on the
surface of Mars in 1976. In particular, this program was intended to provide
transient loads and accelerations in the Viking Dynamic Simulator (VDS) shown
in figure 3 for input acceleration transients at the base of the Centaur truss
adaptor, The VDS is a dummy spacecraft, which is dynamically similar to the
» actual Viking spacecraft, and will be flown on a proof (or test) flight of

A a new Titan D-1T Centaur launch vehicle configuration in 1974, This launch

vehicle will be used for the Viking mission and is shown in figure 4 along with

the Viking spacecraft.

P AT ¢ W, W T P L B RN

Several discrete transient events induce high loads into the VDS with the
more prominent of these being Titan Stage O Ignition, Titan Stage 1 Shutdown,
and the Centaur Main Engine Cutoffs. All of these events were analyzed in
detail using the subject program and some of the results from the Titan
Stage O Ignition were selected as a typical illustration of input and output
data.

Six degree-of-freedom acceleration inputs into the base of the VDS were
determined analytically from a transient loads analysis of the actual Viking
. configuration as depicted in figure 5. Input to the trarsient analysis of the
g LI actual Viking configuration was Lased on measured force transients from previous
o Titan launches. The base of the VDS was constrained to a plane and the six com-
4 ponents of acceleration were input at a single grid point in the center of the
base.

A typical set of input translational components of acceleration are
shown in figure 6. The longitudinal (or Z) component is seen to be the most

significant and it starts at lg (9.81 mlaecz) to represent the initial gravity
load on the vehicle resting on the launch pad. This gravity loading causes an
initial condition on the modal coordinates {51(0)} as indicated in equation (16).

The near sinusoidal oscillation of the 2 component after 0.5 second is attri-
buted to excitation of a longitudinal mode of the vehicle by tlie initial
thrust transient.
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Using the input acceleration (see figure 6) and the modal data (for 18
modes) from the NASTRAN analysis, selected loads for VDS members and
accelerations were computed using a viscous damping model which is a function
of the modal frequencies. A typical load-versus-time response is shown for a
member of the Viking Spacecraft Adaptor in figure 7. Similarly, the transla-
tional terms of the acceleration computed for the top of the VDS, are shown
in figure 8.

A typical computer run for the example problem on the Langley Research
Center CDC 6600 Computer required a storage of 33 000g and 200 CPU seconds
fur execution (including time for generation of 31 output plots). A comparable
NASTRAN transient analysis would require at least 120% increase in storage, and
considerable increase in CPU time and calls to the operating system. Postpro-
cessor programs thus are seen to offer potential economic savings in addition
to special purpuse capability.

CONCLUDING REMARKS

The itransient analysis program described herein yields a simple, convenient,
and economical approach for treating input accelerations and modal initial condi~
tions. Other than the limitation of six on the maximum number of input accelera-
tion components, the program is applicable to a broad spectrum of structural
applicationa.

The fact that such a postprocessor program could be simply written to inter-
face with NASTRAN demonstrates the expanded utility of NASTRAN via the new Level
15 utility modules and user tape option. Tailor-made programs such as the pre-
sent one can be designed to be very efficient in comparison to NASTRAN, Thus,
the authors would encourage further additions and refinement of postprocessor
convenience modules rather than expanded capability and complexity of NASTRAN.

In particular the formats for wiiting user tapes, so that they may be easily
read by postprocessor programs, should be given prime consideration,

7
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APPENDIX A
THE NESTED VECTOR SET CONCEPT USED TO REPRESENT COMPONENTS OF DISPLACEMENT

In constructing the matrices used in the Displacement Approach, each row
and/or column of a matrix is associated closely with a grid point, a scalar
point, or an extra point. Every grid point has 6 degrees of freedom associated
' with 1it, and hence 6 rows and/or colum:s of the matrix. Scalar and extra points
i only have one degree of freadom., A% each point (grid, scalar, extra) these
' degrees of freedom can be further classified into subsets, depending on the
; constraints or handling required for particular degrees of freedom. (For example,
‘ in a two-dimensional problem all z degrees of freedom are constrained and
hence belong to the s (single-poiut constraint) set.) Each degree of freedom
can be considered as a "point,"” and the entire model is the collection of chese

‘ one~dimensional points.

SR MR My ) Wraena e

Nearly all of the matrix operations in displacement analysis are concerned
with partitioning, merging, and transforming matrix arrays from one subset
of displacement components to another. All the components of displacement of
. , a given type (such as all points constrained by single-point constraints) form
+ a vector set that is distinguished by a subscript from other sets. A given
component of displacement can belong to several vector sets. The mutually
exclusive vector sets, the sum of whose members are the set of all physical

' components of displacements, are as follows:

\ . points eliminated by multipoint constraints

; Y, points eliminated by single-point constraints

u, puvints omitted by structural matrix partitioniag

points to which determinate reactions are applied in static analysis,

the remaining structural points used in statir analysis (points left
over)

extra degrees of freedom introduced in dynamic analysis to describe
control systems

u

u

The vector sets obtained by combining two or more of the above sets are
(+ sign indicates the union of two sets)

u, "y, + up, the set used in real eigenvalue analysis

y; =y, + ugs the set used in dynamic analysis hy the direct method

718
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ug = u, +u, unconnrrained (free) structural points
u, = ug + Ugs alt s1ructural points not constraired by multipoint constraints
us =u *ou_. 211 structural (grid) points including scalar points

u_ = u8 oo all physical points

Ir dynamic analysis, additional vector sete are obtained by a modal trans-
formation derived from real eigenvalue analysis of the set u, . These are

&o rigid body (zero frequency) modal coordinates

5f finite frequency modal coordinates

Ei = Eo + Ef, the set of all modal coordinates

One vector set is defined that combines physical and modal conrdinates.
The set is u, = &i +ug, the set used in dynamic analysis by the modal method.

The nesting of vector sets is depicted by the following diagram:

- ey e emm  eme M amm s e e ewh

—_—— - — { > u
Yy T T YUg fun u‘ ?
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L ) _J
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The data block USET (USETD in dynamics) is central to this set classifico-
tion. Each word of USET corresponds to a degree of freedom in the problem.
Each set is assigned a bit in the word. If a degree of freedom belongs to a
given set, the corresponding bit is on. Every degree of freedom can then be
classified by analysis of USET. The common block /BITPYS/ relates the sets
to bit numbers.
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APPENDIY B
MODAL PROPERTIES

In this section, several identities relating to both the rigid body mcdes
and the flexible body modes are presented. Although these identities are
perhaps familiar, they are included herein for completeness arn.. continuity

of notation.

Rigid Bouy Modal Properties

For periodic motion of frequency w, equation (2) reduces to the eigenvalue
equation

Ky

T
Ky

(R

' '
M M u‘\
el 2 Mg v Merl el
SRR TRt o
(T 2 5 2 rr ?r

The solution of equation (Bl) yields the natural frequencies and the ccrres-
ponding natural modes of the system. For the rigid body modes corresponding

to w =0, equation (F1l) reduces tc

K
k—“%- Sl (82)
lt| rr| Ux rig.

relates the rigid body motions

o]

Since the rigid body mode matrix [Dl ]

{u,} in terms of {ur)t 1g.* the following transformation may be written:

Yy rig.
P
U, rig. Y rig.

vwhere [{] is the identity matrix. Using equation (B3), equation (BZ) gives

K., 'K, |

22 ) Ar zrfr}u -0 (84)
K], K 1 8.

rij rr
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For arbitrary {ur}rig displacements, it follows from the partitions of (B4)
that

Eeed e * (R = © (BS)

and

E({r .]E)lr:] + E(rr] =0 (B6)

Equations (B5) and (B6) thus yield two important identities relating the
rigid body modes and the partitions of the stiffness matrix.

It should also be noted that solving equation (B5) for the rigid body
mode matrix yields

Bec] = -Bed " o) (B7)

which is consistent with equation (41) in Section 3.5 of reference 2 and is
the equation used in NASTRAN Rigid Format 3 to compute the rigid body mode
matrix.

Flexible Body Modal Properties

By definition of the {ur} degrees-of-freedom, introduction of the
constraint

{ur} =0 (B8)

eliminates rigid body motion leaving only flexible body motion. Using equation
(B8), the upper partition of equation (Bl) yields the following eigenvalue
equation for the flexible body modes:

2
E‘u - w “z%]{“z} =0 (89)

The modal matrix [%1] of the 1 eigenvectors of equation (B9) is shown
in reference 4 to satisfy the following orthogonality relationships:

[¢21]T['_"u][¢u] - [ﬁuJ (B10)
(et [Xea][Pee] = [ﬂuwiz;] (B11)

The above equations provide the foundation for modal formulation.
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02

03
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08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
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25
26
27
28
29
30
31
32
33

35
36
37

APPENDIX C

DMAP ALTER PACKAGE

ALTER 8l

vVEC USET/VA/CoNsA/CoNey /CoNsR §

MERGE OMe 999 s VA/RBA/CoN9n/CoNe2/CeNe2

EQUIV RBA,RPBF/QMIT &

COND LBOMyOMIT 3

MPYAD GOyRBA$/RBO/CoNsO/CoNg1/CoNe0/CoNyl

veC USET/VF/CoNoF/CoNor/CoNsO &

MERGE RBARBOs 999 VF/RBF/CcoNos0/CoNs2/CoNs2 3
LABEL LBOM $

EQUlvV RBF sRBN/SINGLE »

COND LBSS,SINGLE 3

vtC USET/VN/CoNoN/CINer/CoNeS

MEROGE RBF 9999 VN/RBN/CoNy,0/CsNe2/CosNo2 $

LABEL LBSS %

EQUILYV RBNsRBG/MPCF2 %

COND LBMM¢MPCFZ %

MPYAD GMyRBNy/RBM/CoNsO/CoNosL/CoNo0/CoNsl §

veC USET/VG/CoNsG/CoNoeN/CoNIM §

MERGE RBNsRBM9 299 VG/RUG/CoNeQ/CoN927CoNe2 $
LABEL LBMM §

MATGPR GPLIUSEToSILIRBOL//CINIR/CoNIG $

QUTPUT29 9999//CoNe=1/CoNoll §

QUTPUT2y RBGee9ee/7CoaNe0/Consll

ALTER 89+89

READ KLLoMLLo o 9EED 9 9 CASFCC/LAMAPHIL I MIZOEIGS/
ALTER 91991

CHEKPNT  LAMASPHILIMIVOELIGS $

ALTEK 93

UMERGE USEToPHILY/PHIA/VeNIMAJORE=A/VINISUBOSL/VINISUBLI=R §
MPYAL MLL sOMoMLR/TMP/CoN,O/CoNol/CoNoL/CoNsl $ -
MPYAD PHILoTMPo/MIR/CoONe1/CoNsL1/CoN90O/CoNsl $
MATPRN MIRre0e//7

QUTPUT2y MIR99s9//7CeN90/Copnsll $

ALTER 105 :
QUTPUTZ2y OPHIGIOQGLlsO0EFLye//7CoeNe0/.;oNsll §
QUTPUTZ2y 9999/7/CoeN9=9/CoN91l §

ENVALTER

ST Sesdse s e i
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APPENDIX D

MULTI-FORMAT TADPE DUMP PROGRAM {t

PROURAM A3930 (INPUTQUTPUT»TAPES=INPUTTAPEG=0UTPUTsTAPEL)

c......-.......-....0...0¢..¢.-.0000.4"QQ.“O“OOOQQQ000“0900“.00“.’..0..‘.......c

THIS PROGRAM REAVUS A N Y TAPE WITH VARIAGSLE LENGTH BINARY RECGROS c
RLCUEST TAPE MUST BE LABELED AS TAPEL c
ThE PROGRAM DETERNINES THE MOOE (REALINTEGER OR ALPHA) OF EACH WORD c
ON THE TAPE, c
<
c
¢

THE PROGRAM THEN PRINTS EACH RECQRD IN THE CORRECT FORMAT.

.......0!00.C5..IOGQIOOQO.Q.Qﬁg..06900.06..00ﬁQ0.C..0‘9.0...."Q.....Q....'...
DIMENSION NN(S13J oFNI3)oFuT(10) U
DATA FM /THeAl005A ¢ GHeE1SeT 9 THell0+SX /7
VATA FMT(I).FHY(IO)-CPAREN J4HEL1X o LH) ¢ 1H) /
REWIND 1
WRITE(6e1)
1 FONNAT(1HL)
NibLC=0
2 LCNT=IVARCLoNNYQ151I)
IFCICNTLEQLQ) STOP
IFCICNY.LTL0) GO TO 7
NREC=NRECe ] '
WRITE{6+3) NREC !
3 FORMAT(IH L 9RECORD*14) f
DO 6 1=1+1CNTe8
DO & Jzl+8
J2zlegel
CALL WHAT(INN(J2) +NTYPE)
FHT(leJISFM{NTYPE) v
IF(J2.EQ.ICNY) GO YO S
CONTINUE
60 10 &
FRT(200)=CPAREN
WRITE(OoFUT) (NN(J)9dnley2)
60 T0 2
WRITE(6+8) !
FORMAT(IN +30H®e®eDp A R I T Y E R R O Reews) 4,
sToP 3
END «

IO CHCI O O

o~y on
Blade .,
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APPENDIX D ~ CONTINUED

SUBROUTINE WHAT(NWNTYPE)
THIS SUURDUTINE DETERMINES THE MODE OF N

BIYPE=L IF N IS ALPHA

NYTYPE=2 IF N IS REZAL
. NYYPE=3 IF N IS INTEGER
. INTEGER OB
DATA L8/4110000/
CALL +SHFT(dBe=2%)
CALL RSHFT (BB, 24)
IF(LABSE N  ).LEe9999999999) GO TO 140
M=N
CALL RSHFT( M ¢=24)
CALL RSHFT( M o 24)
1IF( M JNEeBB) GO TO 100
M=N
; CALL RSHFT( M +54)

IF( h] .LT.‘.ORI [, | 'GT‘¢‘07, GQ TO 100
M=N
CALL RSHFT( M »-6)
CALL RSHFT( N +S%)
IF(C M JLTeleORe M GT47) GO TO 100
ALPHA 1
NYYPE=]
GO T0 &
¢ RZAL 2
100 NTYPE=2

« 60 Y0 4

INTEGER 3
140 NTYPEa]

& RETURN
END

h v gy oy ar s
1ICHCICnn

haandian e ool BE VS
r
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(e}
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© Viking Lander

e Dynamic Simulator

———— Proof Flight Lander
Adaptor

T Viking Orbiter
Dynamic Simulator

Viking Spacecraft
Adaptor

—Viking Transition

Adaptor
M(nﬂtmr Truss Adaptor

Figure 3. - Viking Dynamic Simulator
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