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1. SUMMARY

This volume of the report describes the data processing procedures and
the computer programs developed to predict structural responses using the
Impulse Transfer Function (ITF) method. There are three major steps in the
process: ‘ :

e Analog-to-digital (A-D) conversion of the test data to produce

Phase I digital tapes

@ Processing of the Phase I digitel tapes to extract ITF's and

storing them in a permanent data bank

® Predicting structural responses to e set of applied loads
The anelog to digital conversion is performed by a standard package which
will be described later in terms of the contents of the resulting Phase 1
digital tape.

Two separate computer programs have been developed to perform the

digital processing:

Program I
e ITF Program - extracts ITF's and stores them in the data bank

Program II
® Response Program - predicts structural responses to a set of input
foreing functions

All coding was initislly done in Fortran IV for the IBM 360/75; this
program was used to produce the results presented in Volume I. The data bank
used was an IBM 2314 Disk Pack, with random access capability. Both programs
have been modified to Fortran V for the Univac 1108, using standard T-track
tape a.s-the deta bank.

The programs were originally sized for the present problem of 36 applied
impulses and 70 response channela. The tape storage version, however, allovs
a virtually unlimited mumber of responses and the number of applied impulses
can be increased with only minor program revisions.
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2. BACKGROUND AND INTRODUCTION

Analog Tape

Test date was recorded on 108 KHz wideband FM analog tape at 60 ips.
This tape has 1k channels, of which one is used exclusively for an IRIG-B
time code, one for the 108 KHz reference, and anocther for the impulse. The
ITF's are multiplexed, 10 to & channel, allowing a maximm of 110 ITF's per
tape. For the LTA-1l teeting, TO responses were recorded on channels 2-8,
the impulse on channels 1 and 12, IRIG-B on channel 14, and the 108 KHz
reference on channel 13.‘ Channels 9 snd 10 were not used. Time sequencing
of events as recorded on the analog tape is schematically shown on Figure 2
and described in the accompanying table. l

Time (Seconds) : : ' Signal

0-9 o A.C. calibration signal

9 - 1k ‘ Hard zero, gauges shorted

14 - 19 D.C. calibration - 100% of full scale

19 - 24 Hard zero, gauges shorted

24,00 - 24,01 10 ns event pulse - approximetely 100% full scale
24,01 - 24,200 Recorded zero, gauges in circuit

24.200 - 30.+ Impulse occurs 200 ms after event pulse and data

is recorded for at least 6 seconds

Oscillographkplaybacks of each ITF was made to verify the data and for
later comparison wiih plots made of the digitized data. For the present con-
tract, 36 impulses were applied to the vehicle; one analog tape was produced
for each applied impulse., Sixty-eight actlive measurements per impulse were
recorded for m total of 2448 ITF's. '

Analog-to-Digital Conversion | _
Conversion of the anelog tapes was performed by the LM Data Reduction

~ Station {LDRS) using a general A-D conversion program. Seveh Phage I digital
tapes are produced from one analog tape, with each containing the impulse,
and 10 ITP's. Conversion starts at the beginning of the D.C. calibratioms

and continues for at least 6 seconds. Most of the LTA-11 conversions were



A.C. CALIBRATTON

9 Bec.,™

~— 5 sec.,

D.C. CALIERATIOXN

- 5 Bec.

.
-

ZFRO

(GAUGE IR)

5 e, —————yl b

ZERO
(HARD)

.1l sec.

+100%

RESPONSE

1?

A N oA D ArAS—
Uu L= = e

e s v )]

-

~100%

A=-D CORVERSION

FIGURE 2

- ANALOG TAFE Schematic = Response Track



performed for only 3 seconds due to the storage limitation in the earlier
version of the computer system, Subsequent modifications have increased
storage to 6 seconds. During conversion, the impulse track is sampled at
20,000 samples/sec, and the ITF's at 5000 samples/sec. Formatting of the
Phese I digital tape, which must be compatible with the ITF program (Program
1), is discussed next.

Phase I Digital Tapeé

Phase I digital tapes produced by the A-D conversion are standard 7
track input tapes for the ITF program. Each tape contains the time history
of the impulse track identified by the load point, and ten of the 68 asso-
ciated ITF's. The histories were directly digitized from the analog records
starting with the D.C. calibrations and continued for 3 seconds. In order to
satisfy the requireménts of the ITF progrem the following specifications must
be adhered to for the Phagse I dlgital tape:

e It must be & T track binary tape containing two files of data,

separated by a standard End of File mark.

e File 1 contains addressing and record size information which is

not used by the ITF program. This is generated by the generallzed
A-D conversion program and is pessed over by specifying on the I/0
control cards that the second file is to be used as the input data
set,
o File 2 contains the time history data written in records, each
4868 characters long. This may be interpreted as:
29,208 bits
9,736 octal digits
4,868 BCD characters
2,3l 12 bit data values (4 octel digits)
e The data is most meaningfully interpreted as 12 bit words ranging
from O to TTT7 octal (4095 decimal).
‘e Each record represents 32 milliseconds of real time.



Words (12 Bits) Data

1-3h Status and time values from IRIG-B

35 - 6Th 640 values of impulse track (32 ms x 20 samples/ms)
675 ~ 834 160 values of response 1 (32 ms x 5 samples/ms)

835 - 994 160 values of response 2

995 - 227h 160 values each of responses 310

2275 ~ 243k Dummy values to fill out record

Fach record contains date for 10 response channels; an eleventh
response channel could be accounted for but its inclusion would

cause some added complexity in the numbering scheme.

Data should start (Record 1) within + 3.2 seconds (100 records) of
the start of the DC calibrations (i.e., no more than 100 records of
zeroes at ﬁtart, and st least 50 records of DC calibrations)

There should be at least 75 records (2.4 seconds) of zeroes between
DC calibrations and event pulse. Normally, with direct conversion,
there is a period of 5 seconds (~ 156 records) between DC calibrations
and event pulse. In the present coniract work, some conversions wvere
- performed with time Jumps in this zero area, This is not consgidered
to be a useful economy, but can be accepted by the ITF program.

Data should be recorded continuously from the event pulse to the end
of data. For the LTA-11 only 3 seconds of response was recorded, but
present storage capability for the 1108 program is 6 seconds.

During A-D conversion, the DC calibrations are used as an indication
of the full range of values required. Scaling should be such that
the DC calibrations fall at approximately 90% of the full digitized
scale. a

No sign bit is used, hence the digital value of 0 is equivalent to
-100%.

Decimal Octal ' Reading
0 0 -100%
2048 Lkooo 0

4095 B G - +99.95%

Scale factors of all measurements must be supplied to the ITF program

to allow eventual‘conversinn to engineering units.



e DC calibrations, the event pulse and the impulse are to be recorded
in the positive direction during recording of the analog tape and
for A-D conversion. 5ign changes to account for direction of the
impulse relative to the coordinate system are damta input to Progranm I1.
Program I - ITF Processing

This program extraets the ITF's from the Phase I tapes, evaluates the
zero adjustment end scale factor, locates time zero, and stores the ITF's in
the data -bank. Plotted output of the ITF's is available for visual inspection
and comparison to the oscillograph records; conventional computer printout is
also available.

How the scale factors and zero adjustment are obtained is discussed next
with the aid of & specific example. (See Figures B-2, -3, -L)

Consider response 1, which is gauge GA-12. It is a force gauge located
on the aft interstage truss. It is calibrated prior to testing, and it is
determined that its output, when passed through a Preston Filter, with gain
set at 1000 and an RC of 100K, is 2.5 volts D.C. at 5360 #. The nominal
range of the analog recorder is + 2.5 vdc. From a sample run it is cbserved
that the output of GA-12 is low; the RC of the Preston Filter is then reset
to UTOK, at which value the output of GA-12 is 2.5 vde at 1143 #. Since
this output signal is satisfactory, it is duly recorded that 1143 # = 100%
full scale = 2.5 vdc. This data defines the engineering units of the measure-
ment. Following an application of an AC calibration signal to the recorder,
GA-12 is in the circuit and recording at a nominal zero level for 5 seconds,
then a direct input of 2.5 vde is epplied for 5 seconds, followed by 5 seconds
_ of & "hard" szero level during which the gauge is shorted out of the circult
(see Figure 2). An event pulse of 2.5 vdc is then applied for 10 msec and the
impulse and recorded response occurs 200 msec later. During the pefiod between
the event pulse and the impulse, gauge GA-12 is in the circuit and its output
is being recorded. Examination of the Phase I digital tape in this section of
the test shows the folloving (adjusting counts to the range -2048 to +2047T):

Test Period - Record Reading (average)
End of DC cals 250 - 300 1617 counts
Start of hard zero 310 - 350 8 counts (gauge shorted out)
Event pulse ' L&3 513 counts

Event to impulse héh - 468 10 counts (gauge in circuit)



From this we can swrmise that:

1143 # = 2.5 vde = 1609 counts (1617-8).
It is important to note how the hard zero and applied 2.5 vdc pulse are used
to obtain the scaling.

GA-12 is recorded at 10 counts, while in the cireuit, prior to the
application of the impulse. This reading represents 1.4 #, and is computed
from the tabulated wvalues.
| (10 - 8) x 1143/1609 = 1.4 |

This indicates that the strain gauge, within the supported structure,
prior to impulse application 15 not in a wholly unloaded state. This level
of 10 counts is taken as the nominal zero level of the measurement (zero
adjustment). Further complications concerning oseillations bf the zero levél
due to swaying of the teat article will be discussed later. To complete
these observations, following the impulse, GA-12 records oscillations which
~ range between +183 counts and -209 counts and eventually settle down to &
small range around 19 counts. These peak values represent:

(183 - 10) x 1143/1609 = 123 #
(-209 - 10) x 1143/1609 = -155 #

This procedure is also followed on the impulse track, to obtain the load
time history of the impulse. In a later calculation, this data is used to
compute the Impulse magnitude (ares under the load time history) which is
eventually used to scale the impulse response tc a unit impulse.

With the above discussion in mind, the processing logic of the ITF
progrem may now be considered. PFigure C-2 shows # flow diegram of the sequence
of operations in which one Phase I tape, containing an impulee track and ten
reéponses, is processed to obtain the ten ITF's., Records are processed sequenw-
tially. Note that each record contains:

o 32 milliseconds of real time

e 640 impulse track values (20 samples/ms x 32 ms)

® 160 values per ITP (5 samples/ms x 32 ms)

The programmed procedure is &s follows:

1, Nine records are skipped, the tenth is read and the average velues’

of the impulse and response tracks are calculated and saved. In
reading records, counts are automatically adjusted to the range
~-2048 to +20hT (= 100% full scale).



Step 1 is repeated until a record is found vhere the impulse track
average value exceeds 1000 counts. This is the region of DC calibration.
Every tenth record is averaged and the averages saved, until a record

is found whose impulse track average is less than 500 counts. This is

10.

1L.

13.

the hard zero region following DC calibration.

Fifty more records are passed, with every tenth being averaged and
saved. The last of these is used to establish the zero level for
locating the event pulse.

One-hundred fifty records are averaged and saved. Each is examined
to locate one where the average of the impulse exceeds the zero
established in step L by 120 counts. This locates the record
containing all or most of the event pulse. This record is checked
to determine that the sum of three consecutive values exceeds 2000.
Seven records are read, averaged and the averages saved. The lasi
two records are saved in their entirety since they contain the
impulse and'start of the ITF.

The two records containing the impulse are examined further. Using
the average of the three previous records as a relative zero, three
consecutive values over 200 counts are sought to indicate the start
of the impulse.

Time zero for the ITFs 1s taken as the nearest millisecond to the
first 200 count value of the impulse.

The area of the impulse is computed using the preceding 2 milli-
seconds as the relastive zero level. . .

With the time zero established, values from the ITF tracks are
stored frdm the two records previocusly read.

Additional ITF records are read and the values stored until 6
seconds of response is obtained or the end of the data reached.
Values are stored as 1 ms averages, with every S points being
averaged. Values are stored without adjustment to the zero level
or the scale factor.

Seale factors for the impulse and ITF's are calculated using the
average recérd values saved from the 20th, 30th and 40th records
after the start of DC calibrations and the 10th, 20th and 30th
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records after the end of DC calibrations. Englineering unit values
of the impulse and ITF tracks corresponding to 2.5 vdc (100% scale)
are supplied as input to the program. Coupling the engineering
unit value, with the area under the pulse, the final scale factor
is computed in engineering units per count for a unit pulse.

14, Thie scale factor is now stored in a statué file along with other
information such as ITF duration, impulse area, DC calibration step
size, engineering units full scale value, and two zerc values, one
calculated from the average of the records between the event pulse
and the impulse, and the other from the record averages of the ITF‘&.

15. Printed ouﬁput includes pertinent record averages throughout the
process as well as several records in their entirety.

ITF Storage ‘

The ITF prdcesaihg subroutine assumes that the ITP's are stored in tempo-
rary, direct access data files on Fastran Drum, referenced by Define File state-
ments in Fortran V wunder the EXEC-8 operating system. The use of disk pack or
tape for permanent étbrage is discussed later.

A full length ITF is 6000 values in 1 ms increments. ITF values are read
from the Phase I tapee as integer values in the range of O to 4095. They are
adjusted to the range -2048 to +2047 for ease of sanalysis and interpretation.
Five point averages are computed; these are also in the range of -20L8 to +2047.
To store the 6000 values economically, they are reconverted to the rénge 0 to
4095, which is represented by exactly 12 bits, and packed three to a 36 bit
word before storing as a 2000 word string. The file for ITF storage consists
of 3600 - 200 word records. One ITF is ten records. The file holds 360 ITF's,
. representing ten ITF's for each of the 36 applied pulses. Ordering of the ITF's

is by measurement number, i.e., ITF 1, Pulses 1-36; ITF 2, Pulses 1-36, etc.
The values stored are not adjusted for the nominel zero and are not scaled to
engineering units. The 2ero level and scale factors are stored in a second
file of 10 -~ 216 word records. This is, in effect 360 - 6 word arrsys, ordered
by ITF number snd loads the same as the ITF's. These six words contain float-
ing point values of ITF duration in seconds, two zero valtes, the scale factor
from counts to engineering units, impulse areas, and the impﬁlse scale factor.

. For canputing economy, the ITF's are scaled in Progrem II when predicting

responses.



Program II - Response Program
The response to a set of forcing functions is obtained through the appli-
cation of the Duhamel integral, as described in Volume I. The numerical solution

proceeds as follows:

e An applied load time history is read as input.

e A time interval is specified as input; its selection depends on the
expected frequency content of the output. |
Total time of the response is specified as input.

¢ The applied force time history is interpolated to each time interval
and saved as an array.

e The ITF resulting from the application of a specific impulse is read
in from the data bank along with zero adjust and scaling information.

® The ITF is passed to the filtering routine as specified by the user.
(Filtering is discussed in a later paragraph.)

® The filtered ITF is reduced to & set of averaged points corresponding
to the time increment over the total time.

e Zero adjustment is made.

® The response is calculated from:
R(t,) = CAt ):Fi 41 -

vhere for a typical gauge reading force,
R is in 1bs
At is in sec
F is in lbs (forecing function)
h is in counts (the ITF)
¢ is in lbs/lb-sec-count, {scale factor)
e This process is repeated for all other load points, with options to
plot and print individual and/or summed responses.
Filtering
ITF filtering-is not an integral part of the ITF method, but was intro-
duced to eliminate spurious low freguencies in the measured ITF's arising from

the LTA-11 supports. These effects are removed from the ITF's during response
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processing by a filtering routine utilizing & Fast Fourier Transform technique,
developed at Grumman.

During performance of the present contract work, these low frequency
oscillations were observed in the ITF's and several methods were considered
to eliminate them. The most useful was the Fourier Filter technique which
did not require visual inspection of the ITF plots and was similarly applicable
to the different types of responses (forces, strains, accelerations).

Filtering is done in the response program following retrieval of the
ITF's from the date bank, snd prior to their use in calculating a response.

The ITF is passed to the filtering routine where the following opera-
tions are performed.

o Stored date that defines an ITF time history (maximm = 6000) are
time averaged to reduce the number of values to a more workeble
number (typically 300). This aversging eliminates the higher
frequencies, but retains the character of the low frequencies
of interest here.

® The reduced number of time history polnts are transformed to the
frequency domain.

® All Fourier coefficients above a specified cutoff frequency are
zerced, and the points transformed to the time domain. They now
repregent the low frequency content of the ITF as a time history.

e This low frequency time history is then interpolated back to the
original sample rate and subtracted from the original ITF to 6btain
a new function which is considered filtered.

" @ When filtefing, it is not necessary to zero adjust the ITF,'since
the process removes any blasing in the data.
Zero AdJjustment

The need for. sccurate evaluation of the zero level of the ITF's can be
recognized if it is recalled that responses are cbtained by integrating the
ITF's, An error in”fhe zero level will result in & steadily growing error
over the duration of the response. Three methods of zero level evaluation

are availsble, under input control.
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e When proceséing the ITF from Phase I tapes, the calibrated zero .
level, which exists between the event pulse and the time of impulse
application, is determined and stored in the status file. This
zero level is of short time duration and may not be sufficlently
accurste.

® A second estimate of the zerc level is obtained by averaging the
ITF over all but the early time period. The time skipped should
be equal to several periods of the lowest natural frequency of the
test article. This zero level will assure that the response to a
econstant load does not change its groes level significantly after
the first few low frequency cycleas. This estimate of zero level is

‘done in Program I and is stored in the status file..
e The third method of zero adjusting is performed automatically whenever
_ the filtering routine is used. This routine removes all frequencies
below a specified value, including the zero frequency.
Data Bapk l ‘ ‘

The system was‘briginally designed using an IBM 231L disk pack, capable
of permanently filing 2520 - 80,000 bit ITF's. Since this capacity for per-
- manent storage does not at present exist on a direct access data device at
the MSC Univac 1108 facility, the system was redesigned to use tape storage.
The primary programming problem, in such a system, 1s to minimize the number
of tape operations for efficient use of computer time. This was done by
making use of a smaller direct access temporary data set on Fastran Drum.
A1l programs, and the agsociated data files have been sized to & 10 response
system, with provisions in each program to initialize the data files from
tape, and, at the end of an operation with any set of 10 responses, to dump
the files back to tape. It is necessary to work with 10 responses simul-
tanecusly because 10 responses are grouped on each Phase I tape. When exe-
cuting the ITF processing program, if several Phase I tepes for the same
set of 10 responses are processed segquentially, drum to ta@e I/0 does not
consume a major portion of opersting time.

VWhen executing the response program it is only necessary'to load the
drum froam tape. Finﬁl dumping is not required, since the permanent data

base is not modified. All subroutines operste on the basis of ten numbered



1k
responses, while the main programs, which perform the loading, relate the
responses to the overall numbering scheme. If large scale pérmanent direct
access storage becomes availsble, either the tapes can be replaced with the
permanent data set and the programs operated exactly as with the tapes, or
else the temporary data sets may be increased to full size, with minor pro-
gram modifications.
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3a Program Description - ITF Program, Prograﬁ 1

Program I, the‘ITF Program, processes Phase I digital tapes to extract
the ITF's, stores them in the dats bénk. and performes other data bank main-
tenance and utilization functions.

Figure C-1 shows a simplified flow diagrem of the main program., It
performs CLEAR, LOAD, DUMP, STATUS and PLOT operationé on the data bank,
and calls subroutine STORED, which contains the bulk of the programming, to
process Phase T tapes. To understand these functions it is necessary to
review how the program handles the data bank described in Section 2.

Program I references two temporary, direct access ddﬁa files through
hﬂmfﬂeﬂﬂ@aﬁ.

DEFINE FILE 1 (10, 216, U, IU1)

DEFINE FILE 2 (3600, 200, U, IU2)

Fle 1 contains data describing the status of 360 I1TF's. The ten records
pertain to 10 responses. The 216 words per record are an array of (6, 36}
real variables, six words for each of 36 load points.

word 1 - conversion factor, units per count, which converts the value
. of the stored ITF from digital counts to the engineering units

associated with the particular response point '

word 2 - the zero level of the ITF, derived by averaging the analog
response for the period between the event pulse and in impulse

word 3 - the duration of the stored ITF in milliseconds; maximum = 6000

word U - the zeio level of the ITF derived by averaging the ITF from
320lmiiliaeconda to the end

word 5 -~ scale factor for the impulse track in pounds per count

word 6 - area of the impulse in pound-seconds ‘

File 2 contains the 360 ITF's, ten records per 2000 word ITF. They are
ordered by response point (i.e., Response 1, loads 1-36; Response 2, loads
1-36, . . . . Response 10, loads 1-36).



For a specific problem with 10 responses or less, permanent data files
could be used and the processes of dumping to, and loading from tape could
be dispensed with. The programs can, however, deal with an unlimited number
of response points, by the use of binary tapes to store the contents of data
files 1 and 2. Through use of the LOAD and DUMP operations, the contents of
these files may be dumped to a binary tape or loaded fram a binary tape, with
no real restrictions on the nmumber of tapes being used for a problem,

The effects of the five data bank operations are as follows.,

CLEAR ~ The contents of files 1 and 2 are set to zero. This operation

is usually performed when the first Phase I tapes for a set of
responses are being processed and no LOAD operatlion is performed.

LOAD - Contents of a binary data bank tape are loaded into files 1 and 2.

Presumebly, this tape was created by a dump following an earlier
run.

The second content of the binary data bank tape is:

record 1 - 100 words - an integer varieble representing the

tape sequence number - repeated 100 times.

record 2 - 2160 words - the entire contents of file 1.

records 3 - 362 - 2000 words each - the entire contents of file
2, but in 2060 word records rather than 200,

DUMP - Contents of files 1 and 2 are dumped to binary tape to create a

new or updated data bank taepe

STATUS - prints the contenta of file 1

" PLOT ~ plots or prints specified ITF's, stored in file 2.

The sequence number on the binary tapes is used to insure that the proper
binary tape is mounted, since a numbér of them will be used for the typical
Job. While most of the internal loglc of the program deals with ten responses,
numbered 1 to 10, an overall numbering system should be employed, whereby the
responses are numbered consecutively from 1 and are stored ?1th tape number 1
containing résponsea 1-10, tape 2 containing 11-20, etc. Input‘data pertain-
ing to response numbers always refer to the overall mumbering scheme. This
is converted by the progrem to a tape sequence number and the internal number
range l1-10.

16
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An additionel storage operation was written into the program in order to
tranafar date between Grumman's disk pack system and MSC's'tape atorage system.
This operation im: ‘

LOADGQ - loads an existing BCD tape containing a number of ITF's,

The END operation causes a normal termination of the program.

Processing of Phase I Tapes

The RUN operation is used to process Phase I tapes. This function is
performed primarily in subroutine STORED which also c¢alls RITREC, READ7, AVG
and UNPACK., Figure C-2 shows a flow diagram for subroutine STORED. The
basic sequence of operations in processing the Phase I tape is covered in
Section 2. As each record of 32 milliseconds is read, it is separated into
impulse track values and 10 sets of response track values. The average value
of each of these sets is determined for each record examined. Only these
averaged values-are.used‘until the actual impulse is encountered and the
responses start.

While examining records to locate the DC calibrations and event pulse,
only the impulse track is examined since events occur simultanecusly on each
track. Once the record containing all or most of the event pulse is located,
the impulse can be readily found. It occurs 200 ms after the event pulse and
mist be in the 6th or Tth record following the event pulse.' The firat 5 of
these are read and their averages saved to use in detérmining zero levels.
The 6th and Tth are éxamined to locate the impulse.

A temporary zero le?el for the Impulse track is esteblished using the
avérage value of the three previous records. The impulse is located by
finding three consecutive values, each exceeding the average by 200 counts.

A new zeroc level ié established to use in calculeting the impulse area. It

is based on the 40 values preceding the start of the impulse (2 ms). The
first and last poinﬁs’on the impulse whose velues exceed 50 are located, and
a Simpson's Rule integration performed between them. If the number of inter-
‘vals is even, the first interval is evaluated by the Trapezoidal Rule. One
additional point on each end of the impulse is now used to calculate the areas
of the end pieces.
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Scale factors for the impulse and response tracks are calculated and
the impulse scale factor is used to get the impulse area in lb-seconds. It
should be noted that for this problem, there are T phase I tapes for each
impulse, and that the impulse track on each of them is derived from the same
analog track. Any differences between them are due to the precision of the
A-D conversion, and comparison of the impulse areas cen serve as & check on
the A-D process. '
At this point, 64 ms of data, is present in core. The starting point
of the impulse is khown, and this is adjusted to the nearest millisecond,
to define time zero for the responses. The remaining task is to transfer
data from the resﬁonse tracks of the Phase I tape to the data file in which
the ITF's are stored. To do this, the intermediate array IDISK is established,
dimensioned to (600, 10). It holds 600 ms of ITF data for the 10 responses
on the phase I tape. Records are now read into core through the use of the
JREC array, converted by averaging from 5 points/ms to one point/ms and
transferred to the IDISK arrasy. The process is started by transferring the
appropriste values from the two records containing the impulse. When the
IDISK array is filled, it is packed down to (200, 10) since ITF's are stored
as three values to & word., The 200-word columns are then stored in the |
appropriate records of file 2 and the process repeated. Processing continues
until 6000 milliseconds of date is stored, or the data runs out. A record of
the number of milliseconds of valid deta is kept for inclusion in the STATUS
file (File 1). Whern processing of the phase I tape is éoﬁpleted, the status
items sre loaded into File 1, summary output is written, the tape is rewound,
and control is returned to the main program. | '
A summary of the subroutine calls follows.
SUBROUTINE STORED (ITAPE, IRESP, IRESPP, ITEST, FULLI, FULL, NG)
ITAPE = fortran unit number on which phase I tape is mounted
IRESP, = range of response mumbers to be stored, inclusive. They
TRESPP are internal response mumbers in the range 1 to 10
ITEST = a value (from 1 to 5) that controls the number of records
written as printed dutput



FULLI = scale factor in pounds per full scale for the impulse track
FULL = 10 item array with the scale factors in engineering units per
full scale for the 10 response tracks '

NG = a counter set to zero after successful completion

SUBROUTINE RITREC (JB, IB, IC)
JB = record number

IB = 2400 word array containing the impulse and response values
from the record adjusted to the range of -20h48 to +20L7
IC = (160, 11) arresy containing the responses.

This routine prints the contents of one phase I tape record.

SUBROUTINE READT '(JTAPE, IREC1, IREC2, IAVG, KS, NG)

JTAPE = fortran unit number
IREC1 = 34 member array - not used
IREC2 = 2400 member array

TAVG = 11 by 500 array
XS
NG

This routine is used to read one record from the phase I tape. The

record number

counter

actual read is performed by the MSC librery routine MREAD, usged to read non-
standard tapes. MREAD is called in UNPACK which is called by READ7.. The 640
word set of impulse values and 1l to 160 word sets of response values &re
loaded into IRECZ2. ‘

Further processing is under control of the input, KG.

NG = 0 for no further processing

NG = 1 for impulse track only

NG = 2 for responses

-NG = 3 for both

2048 is subtrected from each word to modify the range of data from (0 to
L09T) to (-2048 to +20uT).

Averages are performed on the impulse and responses and stored in the

IAVG array according to record number.

19
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SUBROUTINE AVG (IREC, IAVG, NG)
IREC = 2400 values of tape record
IAVG = 11 averages to be calculated
NG = Bame'as in READT
Aversging described in READT is performed.

SUBROUTINE UNPACK (INl, IREC2, ISTAT)
IN1l = fortran unit number
IREC2 = 2k00 values to be returned
ISTAT = status of read
As described in Section 2, a phase I tape record contains 2436 12 bit
words. These are read by MREAD into an array of 812 - 36 bit words. The
last 800 of these are unpacked, 12 bits at a time and stored in IREC2,

SUBROUTINE CRUNCH is only used to decode the special tape used to
transfer ITF's to the data bank for demonstration purposes. It msy be

'replaced with a dummy routine, or reference to it in the LOADGQ section of
the main program may be deleted.

SUBROUTINE PLOT1 (IFILE, INN)
“IFILE is é #Srk area of 3000 words supplied by the main program
INN array of 8 control constants
PIOT]1 reads iTF's from data file 2 and either plots them, prints them
or both. ' _ ' _
- Plot arrays X and Y are completely set up; but no calls to plotting
hardware are supplied.
Provision is made for calling plot initialization end plot termination
routines. '
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3b Program Description - Response Program; Program II

Program II, calculates the structural response to a set of forcing
functions. It consists of a main program, a filter routine, FILT, a fast
fourier transform routine, FAST1, and a plot routine, PLOTB. Flow diagrams
for the main program and the filter routine are shown in Figures C-4 and
s, ,

The main program uses two data files which are identical to those used
in Program I. They contain ITF's for 10 response points and 36 load points.
Permanent storage of the ITF's is on the binary data bank tapes created by
Program I. The appropriaste tape must be read into the date files at the
start of ekecution; In order to run program II it is necessary to have pro-
dessed, for the responsesg desired, those load points at which foreing func-

;tions are to be applied. Other load point ITF's need not have been processed,
since the data bank tape contains dunmy velues where none have yet bheen
supplied, so as to kéép proper sequencing of deta. Input data to the program
consists of » set of control cards with a function name in columns 1-6 -
followed by edditlonal data.

For the first pass through the program the order of data is fixed, but
additional passes cén be made on one run, with some variation allowed. In
addition, a set of tebles of the forcing functions must be supplied.

The function nemes on the controcl cards, in normel input order are LOAD,

" TIME, FORCE, RESP, PLOT and CYCLE. Forcing function tables follow the force

card, ' ‘ l

Exéept for recycling for miltiple problems, the flow of the program is
étraight-through, and is beat described in relation to the input data.

The LOAD car§‘specifies an I/0 unit number and response numbers and
results in a date bank tape being read into Files 1 and 2. All features of
this operation are identical to the LOAD operetion in program I,

The time card specifies the number of points, or time slices required
by the analysis, and their specing in milliseconds. The number of points
should not exceed 1200 and the total time should not exceed 6000 ms.
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While the ITF's are stored at 1 ms time intervals, it is not necessary
to evaluate the structural respoﬁses at 1 ms intervals. Selection of the
calculation interval should be based on system frequencies, hence if the
higheat system frequency is 50 cps (20 ms period}, spacing of 4 or 5 ms will
adequately represent the results. The forcing functions will be evaluated
at the apecified times and the ITF's averaged to that time intervel before
performing the Duhemel integration.

The force card is the principle heading card for the forcing functions.
It is followed by a set of cards describing the forcing function time hiatories
at each load point reqtired by the problem. To minimize the effort in pre-
paring dats for the forcing functions, all foreing functions are described
for the same time points. The time scale is described on the FORCE card as
a sequence of points at a fixed time interval, followed by snother set of
points at a different time interval, up to 6 sets. Hence a 500 ms time scale
might be specified as 20 points at 2 ms, 6 points at 10 ms and L points at
100 ma. | | |

An array is established giving the time velue for each point on the
tabulated foreing function. The foree card is followed by a mumber of sets
of forces for each load point required. A heading card for each set specifies
the load point number and a scale factor to be applied to all forces in the
set. The scale factor can be used to reduce the number of digits required
to specify the forces, change the mign of the force and to conveniently
scale the force without modification of the entire table. The heading card
of each set is followed by cards specifying the forces in pounds st the pre-
viously éstablished tiﬁea. Any mumber of tables may be read, with read-in
of tables ending when a blank heading card is encountered. Any forces not
specified will be treated as zero by the program. As each foreing function
is reed in, it is interpclated to a set of values corresponding to the time
scale established on the time card and the resulting array is stored in a
direct access date fille for later use. '

Following the tables, & RESP card speclfies which reapohsea are to be
processed and describes the filtering which should be applied to the ITF's,
A PLOT card follows, which specifies whether or not the structural responses
should bg plotted.



For each response to be evaluated, and for each load point, the required
ITF is read from file 2 and unpacked. The ITF status array is read from file
1. If no filtering is required, the zero adjustment value is obtained from
the status array. If filtering is required, the ITF is passed to the FILT
subroutine which removes specified low frequencies. The filtered or unfiltered
ITF is now averaged over the time intervals specified on the time card and
zero adjusted. The required foreing function is used from the direct access
data file, and the Duhamel integral is evalusted. Finally, scale factors
for the ITF and the forcing function are applied. The result is the struc-
tural response at ane response point to one forcing function. The operation
is repeated for each forcing function, with each response being printed and/or
plotted, and accurulated in a summed response array which eventually gives the
total response at the point to all the supplied forcing functions. The summed
response is printed and/or plotted. ‘

After all specified responses have been evaluated, a CYCLE card allows
the program to recycle to different places in the input sequence to perform
additional operations. The forcing function tables do not have to be repeated
if they are unchanged. '

The filtering technique, described in Section 2, is applied in subroutine
FILT. The sequence df operations closely follows that description. A feature
of the filtering which,needs further explanation is the apparent elimination
of frequencies from the high end of the spectrum as well as the low end. As
an exsmple, consider a case of IOO points at spacing of 10 ms, for a 1 second
ITF. .The fast Fourier transform fits this function with frequencies range
from 0 eps to 99 dps'in steps of 1 cps. In order to eliminate frequencies at
or below 10 cps the first 11 and the last 10 coefficients would be set to
zero. The last 10 are zeroed because the apparent fitting of 90-99 cps does
not really evaluate this frequency content (there is only 1 data point per
eycle). It does in feact produce a fit for the low frequencies 1-10 cps through
a pfoceas known as éliasins. This is a characteristic of the fast Fourier
transform technique, and is taken into account by setting to zero the high

order coefficients as well as the low.
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ha User's Guide - Program I

The ITF processing program performs seven functione in addition to pro-
cessing Phase I tapes. ZXach operation is controlled by a single input card,
containing the function name and additional information when'required. The
functions, which are explained in the Program Description, are CLEAR, LOAD,
DUMP, STATUS, LOADGQ, PLOT and END. Phase I processing is evoked by the
function RUN and requires an additional data card. Tape unit logicel numbers
are under control of the input and should conform to the EXEC-8 control cards
for the run.

Input Dete
Each operation is evoked by a single function card (2nd eard required
for RUN), with the following format.

Punction Card - format (A6, 10IL)
col 1-6 - function neme, left adjusted
col 7-10 - INN(1) |
: appropriate integer data as described below
col 43246 - TNN(10)
CLEAR - no values of INN required.
All data files are cleared.
Usually perfonmgd before cresting originsl data tape of a series,
LOAD - INN(1l) fortran unit number of data bank tape to be loaded.
INN(2) number of first response on data bank tape (nomally 1, 11,
a, 3, ete.) Thie is used to check tape sequence nmuber.
DUMP - INN(1l) fortran unit mmber of tape to which files will be dwmped.
 IFK(2) number of first response of the 10 to be dwmped (1, 11, 21,
etc;). This 1s used to determine the sequence number.
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STATUS - INN(1) number of first response in a sequence, whose status is to

INN(2)

LOADGQ - INNW(1)

INN(5)
INN(6)
INN(7)

INN(8)

be printed.

nunber of last response in sequence, It is assumed that

appropriate responses are loaded in files,

fortran unit number of tape to be loaded. This is a special

tape for transferring data from the Grumman data bank to the

MSC program.
PLOT - INN(1), INN(2}, INN(3), INN(k)

" Routine prints or plots ITF for responses INN(1l) through INN(2)

for loads (impulses) INN(3) through INN(L)
spacing for prints or plots in milliseconds

numﬁer of points to be printed or plotted

N oW N

1

3

plot only

print only

plot and print

open plot routine for this set of plots
close plot routine after these plots

open and close plot routine

This is used to initialized or terminate plot tapes as required
by system. They are not opened or closed automatically by

routine since several PIOT calls may be made on any one run.

END - no values of INN required - terminates run.

RUN - INN(1)
- INN(2)
INN(3)
INN(h)
INN(5)

fortran unit mumber of Phase I tape to be processed.
load (impulse) number '
number of first reéponse to be processed

mmber of lest response {inclusive) to be processed

\n—- -—-o

minimm mmber of records
printed in output
maximm pnumber printed

RUN ca;d'must be followed by a single data card containing
the full scele calibration values for the ten responses being
processed, and the impulse track format (11ET.0) '

col 1-7 ‘ impulse calibration (1lbs at full scsle)



col 8-14 response 1 cal. (units at full scale)
[
i
(

col T1-17 response 10 cal.

Sample Data Setup
Figure B-1 shows a data sequence in which the primary operations
are to process two Phase I tapes for the responses 1-10 for impulses 5
and 6. '
The exact opéraxions are:
1 Load responses 1-10 from data bank tape mounted as unit 10. This
has been created on a previous rumn.
Print status of responses 1-10.
Process Phase I tape on unit 11. It is an impulse 5 data tape «
responses l-10., Calibration data card follows.
4 Process Phase I tape on unit 12 - impulse 6, responaeé 1-10.
Calibration data card follows. |
5 Print and plot the stored responses 1-10, impulses 5-6.
6 Print status of responses 1-10.
T Dump files to unit 20 to create an updated data bank tape with
impulses 5-6, responses 1—10.added or corrected.
8 End run with normal termination.

Sample Deck Setup
A deck setup for the preceding data processing operatidna is shbwn in
Figure B-1, '
Pastrand assigmment for temporary file 1, 2 tracks.
Fastrand assignment for temporary file 2, T positions.
Data bank tape on unit 10 XXX = tape label ‘
Phase I tape on unit 11 XXX = tape label
Position to file 2 .
Phase I tape on unit 12 XXX = tape label
Position to file 2 _
New tape on unit 20, to be saved

W 00 - O F oo -

Fortran program ITF1l and subroutines with appropriate FOR cards

26
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10 Mep cerds
11 XQT, data and FIN
This setup does not include any control cards for plotting.

Output Data

Primary printed output from the program consists of full listings of
gome records from the Phase I tapes, a summary of the average values of a
member of records, listing of a tape status and printed ITF's.

Phase I Tape Records

Figure B-2 shows a 3 page list of a record from a Phase I tape. The
record covers 32 milliseconds, indicated on extreme left. The impulse track
has 20 samples per millisecond and the responses have 5 samples/ms. Responses
are always mmbered 1 to 10 regardless of true response numbers agsociated
with the tape. The numbers displayed are in counts whieh range from -2048 to
+2047. Some notable features of the record shown are:

1. The impulse appears during the 26th ms of the impulse track and
can be estimated roughly to .2 count-seconds 1.6 lb-seconds
based on a-calibration of approximately 12,500 1bs = 1600 counts.

2. Response 11 is a dummy.

3. Response 8 shows an oscillation of 16 ms period (60 cps), probebly
the result of electrical interference. It is removeble by filtering
but mekes the estimated zero unreliasble. Status output for this
response shows a larger discrepancy between the zero derived from
pre-impulse records and the zero obtained by ITP averaging than is
normal. ' ‘

4, L3 numbers at the bottom are 32 - 1 ms averages for the impulse
track, one 32 ms impulse average and 10 ~ 32 ms averages for the
responges.

A summary of record averages at the end of processing a tape shows the

average velue in counts of selected records for the impulse and 10 résponse
tracks (Figure B-3).
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OQutput from the STATUS operation presents the six items in the status
file for the impulses and responses requested. The six items are:
1. Conversion factor - engineering units/count.
2. Zero adjustment - derived from region between event pulse and
impulse.
3. Duration of stored response in milliseconds.
k. Zero adjustment - derived from record average of response, omitting
first 10 seconds (320 ms).
5. Impulse scale factor - 1bs/count.
6. Impulse area in lb-seconds.
Printed output from the PLOT operation is in zero adjusted counts as
shown in Figure B-U4 according to specifications on the PLOT function
card.

Plots

Actual calls to plotter software have been omitted since plot routines
wnder EXEC~8 were not wholly operational at time of programming. Further-
more, final layout'of plotted output cannot be properly determined until a
specific application is undertaken. These plots are conslidered to be inter-
mediate output, for checking purposes, and are best designed to match oscillo-
graph playbacks of the originel analog tapes. The arrays required for plotting
are set up in the PLOT1 routine and correspond to the printed output.



kb User's Guide - Program II

The response program computes the structural response to a set of
forcing functions, applied at one or more load points. The data required
to produce one reéponse consists of the time histories of the forcing func-
tions and the set of ITF's relating the load points to the response point.
Output from the program is printed or plotted structural response time

histories.

Input Datsa
1. TLOAD card FF, IU, IRL, IR2 (Ab, 2X, 3IL)
col 1-4  FF - 'LOAD' (literal)
7-10 IU - tape unit on which date bank tape contalning ITF's is
mounted
11-14 IRl - first ITF number on data bank tape
15-18 IR2 - last ITF number on tape (IR2 = IRl + 9)
2, TIME card FF, NPTS, NMS (A4, 2X, 2IL)
col 1-4  FP - 'TIME' (literal)
7-10 NPTS - number of points to be calculated in the resulting
time histories
11-14 NMS - speeing, in milliseconds of the response points
NPTS = 25,0, NMS = 2 results in a time history of 500 ms - 250 points,
every 2 ms. '
3. FORCE card . FF, (Mr(1), om1), I =1, 6)
(45, 5%, 6(I5, F5.0})
This card establishes the time scale for the set of foreing functions
which will follow. It assumes a set of values will be given at a fixed
time increment, a second set at another time increment, and so forth, up
to slx sets if requiréd (e.g., 50 points at 2 ms, 10 points at 10 ms,
1 point at 100 ms).
col 1-5  'FORCE' (literal)
11-15 MT(1l) number of points in first set
16-20 DT{1l) increment in ms of first set
21-25 MP(2) number of points in second set

29



26-30 DT(2) increment in ms of second set
]

76-|-TO DT{6) increment in ms of 6th set

If MT(1) = 0, no forces are read
Forcing Function Tables
A set of force time histories for each forcing function must be
supplied. The time scale for the forces is supplied by the FORCE
card. The number of values required is equal to the sum of MT(I)
on the force card. Forelng functions may be supplied_fof any or all of
the load points for the problem. Those not supplied will be treated as
zero. The table for each forcing function consists of one heading card
followed by the required number of forces, 16 to a card. (If MT(1)
from the FORCE cerd is zero, no tables are read.)
a. Heading Card IL, SCL (I2, F8.0)

Col 1-2 IL load point number

3-10 SCL. scale factor to be applied to all forces in table.
This may be used to change the sign of the force, or

reduce the mumber of digits required in the tables (do

not omit),
b. Force cards (FEMP(I), I =1, MIT) (16 F5.0)
As many values of the force table as specified by the FORCE card,
16 to & card in 16 F5,0 format. Force is in 1bs. |

6
MPT = E Mr(I)

I=1

c. End of tables card ,
A blank cerd is required at the end of the tables to terminate the
table read-in.
RESP card FF, IRA, IRB, IZFIL, FREQ (A6, 3Ik, E12,0)
This card specifies which responses are to be calculated and how they
are to be filtered.

30



col 1-4  FF - 'RESP' (literal)
7-10 IRA - number of first response in sequence to be calculated
11-14 IRB ~ number of last response in sequence to be calculated
15-18 IZFIL - 1 do not filter; use zero adjustment caleulated from
time before the impulse
2 do not filter; use zero adjustment calculated from
ITF record averages
3 use Fourier Filter
19-30 FREQ -~ when Pourier Filter is used, eliminate all frequencies
" below FREQ in cycles/sec.
6. PLOT cerd FF, NPL (AL, 2X, IY)
col 1-4 FF - 'PLOT' (literal)
T-10 NPL = 0 no plots
1 plot total response
2 plot individual response to each loed as well as
. , total response
7. CYCLE card FF, NCY (Ab4, 2X, Ib)
After the PLOT card is read, the sét of responses specified on the
RESP card are evaluated and the results printed. The program may now
be made to recyecle to a point in the input stream to read data for a
new gset of cases with a minimm of data repetition.
col 1-5 FF - 'CYCLE' (literal)
10 NCY 1 return to beginmning of data LOAD card
2 return to TIME card
return t¢ FORCE card
return to first force header
: return to RESP card
terminate program

N W

If the program‘recycles to the LOAD or TIME card, and the forcing
functions are the same as for the previous run, setting MT(1) = 0 on
the FORCE card will by-pass reading of the forcing functions and use
the values from the previcus case.
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Sample Deck and Data Setup

Figures B-S, -6 show a sample deck setup with data.
1. Fastrand temporary data file assignments for Files 1, 2 and 3.
2. Bipary data bank tape containing ITF's for response points 1 through

lo.

3. Fortran decks

4, Map cards

5. load card specifying fortran unit 11, responses 1 through 10 (see
item 2).

6. Time card specifying the responses are to be calculated as 200
points every 2 milliseconds, for a 400 ms duretion.
7. Force card specifying that the forcing function values are given
at 2 ms intervals for 63 values (126 ms) with a final point at
1126 ms. | |
8. TForeing funetions for 24 losd points. Each set contains 6h
values (see item 7). Scale factors for al1 24 are unity, with
sign changes to account for coordinate system definition.
Forces are in 1bs.
9, Blank card to terminate table reading.
10. ‘RESP card specifying responses 1 through 4, to be run with Fourier
Filtering, eliminating frequencies below 5.2 cycles/sec,
J1. Plot card specifies amit plots.
12, Cycle card specifies terminete run.
Deck setup does not include control cards for plotting.

Output :
Output from the'program consista of tables of the forecing functions,
interpolated to the time interval specified on the TIME card, and 1£stinga
of both the responsgs-to each individual foreing function aﬁd the summed
response to the entire set of foreing functions. The units of the reaponses
correspond to the units originally specified by the engineering units cali-
bration values supplied in Program I when converting the Phase I tapes,
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Plotting )

As in Program I, a plotting program is provided which does not contain
actual calls to the plotting software. Arguments supplied to the skeleton
routine are: IR, IL, MPT, NMS, Y.

IR = response number

IL = load number

MP?T = number of points provided

HMS = spacing of points in milliseconde

Y = array contain MPT values of the response in appropriate

engineering units - corresponds to the printed output.
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5. CONCLUSIONS & RECOMMENDATIORS

Both the ITF piogram and Response program operate with a reasonable
degree of efficiency in their present form (i.e., tape data base), provided
the operations are sequenced to avold excessive loading from #nd dumping to
tape. This limitation could be removed by the use of a direct access storage
device as the permanent data benk, as is the ceae for the Grumman system.

While the program handles an unlimited number of response points, the
nunmber of load points is presently set to 36. This number can be easily
increased by changing the DEFINE FILE statements, appropriate DIMENSION
statements and the counter, NI, at the start of each Program. |
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IMPULSE TRANSFER FUNCTION = ITF PROGRAM 1 THRO0010
TO PROCESS PHASE 1 DIGITAL TAPES AND STORE ITF'S THR00020
MAIN PROGRAM L o __ THRO0030Q
COMMON IIN.toUT.NR.NI-ILOAD “THR00090
IFILE DIMENSIONED TO S#NT (MINIMUM OF 3000) THR00100
__DIMENSION IFILE{3000) o i THROO110
INTEGER FUNCsFUNCX
DIMENSION FULL110) THRO0120
_____DIMENSION STATI(6936) L i __THR0O0130
T DIMENSTON INN(10) sFUNC(10) "THROO140
DIMENSION NTEST(8)
 _DATA FUNC /'CLEAR "»'LOAD _'#'DUMP "9 'RUN__ '4+'STATUS's ____THRO0150
1 TLOADGQ's'PLOT '»'DUMMY ¥, 1DUMMY '»'END v/ THRO0160
900 FORMAT(A&91014) THROO170
901 FORMAT(//' FUNCTION CARD = 'sAb+10]4) o THRO0180. _
902 FORMAT(//' CLEAR FUNCTION COMPLETE!'} THRO0190
903 FORMAT!(//' FILES LOADED FROM UNIT'sI&s' RESPONSES'»I3s' ='»13) THRO0200
904 FORMAT(//' FUNCTION NQT IDENTIFIED!) R THRO0210Q .
905 FORMAT(//' F1LES DUMPED TO UNIT'el&s' RESPONSES!'#13s' «',I3} THR00220
906 FORMAT(11lE7+0) THR00230
907 FORMAT(1H1/' RESPONSE NOs'sl4//) __ o _THRO0240
908 FORMAT{I4+6F12e4) THRQ0250
909 FORMAT(//' ERROR IN INTEGER FIELDS'»414) THRO0260 -
910 FORMAT(1H1/' EXECUTE_PROGRAM I = ITF PROCESSING') . . ____ THRO0270...
911 FORMAT(//' ERRORs TAPE MOUNTED IS IS FOR SET'»sl4) THROQ280
912 FORMAT(///' TERMINATE RUN') THMRO0290
913 FORMAT(216F10e6) . . . R ___THRO0300 _
914 FORMAT (300018} THRO0310
915 FORMAT(//' PLOTTED IMPULSES'slés'='313)! RESPONSES'si4s'="'413) THR00320
CICvill=(I=1)/NR4l e THROO330
TCALL MFC{NTEST)
SET 1/0 DEVICES THROO0340
1iN=5 o . IHRO0350
TTTOUT=E ) o B - B TTTTTUTHR00360
SET FILE SIZE THR00370
__NUMBER OF RECORDS IN FILES=NT THRO0040
~FILE i ~NR RECORDS OF 6#NI WORDS THROO050
FILE 2 10#NR#*NI RECORDS OF 200 WORDS THRO0060
DEFINE FILE 1(1092169Us1UL) e ) THRO0070
DEFINE FILE 2(3600+200sUs102) THRO0080
NR IS NOs OF RESPONSES PER TAPE THROQ380
NI 1§ NOe« OF IMPULSES IN SYSTEM e o __THROO0390
NR=10 THRC0400
NI=36 THRO0410
CNT=NR#NI _ e THROQ420
TTNTI=6#N] B
NTTe6#NT THROQ430
o NTTTm1O®NT i SO . ..._THROO440
1280 THRO0450
WRITE{IOUT»910} THROQ460
* READ FUNCTION CARD i THROO470
U READ (TTIN?900) FUNCXsINN THROO4LBO
WRITE(IOUTs901) FUNCX»INN THRO0490
= CHECK FUNCTION . . o . THRO0500
DO & IFUNC=1,10 THRO0G510

o A e o e = e o+ e s i —

Figure A-1
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. JIF(FUNCX«EQeFUNCIIFUNC)) GO TO & . . o e THROQ520 .
4 CONTINUE THRO0530
ILLEGAL FUNCTION THR00540
_WRITELIOUT904) THROO550 __
GO T0 1000 THROQ560
PERFORM FUNCTION THRO0570
6 GO 1O t100.200.300;&00.500.600.700.aoo.eso »1000) s IFUNC THROQ580
CLEAR BOTH FILES THRO0590
100 CONTINUE THRO0600
DO 7 J=110
T WRITE(1TJ) (1Z91a1sNTI)
DO 102 Js1yNTTT
102 WRITE(2'J)(1Zs1=1+200) i o
WRITE(IOUT902) THRO0640
GO TO0 1 THR00650
LOAD BOTH FILES FROM TAPE o THRO0660
200 CONTINUE ‘ o THROG6TO
INI=INN(L) THRO0680
IN2mINN(2) THRO0650
IN3=INZ2+G THRO0700
. CHECK TAPE SEQUENCE NUMBER THROOT10
ICODE=ICV [IN2) THR00720
REWIND IN1 THRGO730
READ{INL) {ICODs1=214100) ‘
1F{ICODEEQ.1C0OD) GO TO 201 THRO0750
& WRITE({TOUT»911) 1COD THRO0760
REWIND IN1 - THRO0770
. GO T0 1000 _ THROQ 780
1”201 READTINLY (IFILE(TY»1alsNTT)
DO 203 Julyl0
JisNTI#(J=1)41 .
122l 14NT =1
203 NRITE(I'J)tIFILE{I}pI-IIoIE)
DO 202 Jsl,NTTTs10 N L ) THRO0B10
READ(INI) (IFILE(I)sI=1»2000)

DO 202 JJ=1s10

THRQO820

0 301 11,10
Le[#NT]
KelL=NTI+1l ETCETI T IS DT

301 READIIVIVITFTLETIY s JuKol)

Figure A-1 (Cont'd)

o klm200%JJ _ - e e e e
"LalL=199
JJmdJ+d=1
' 202 WRITE(2'JJJ) (IFILE(K) sK=LoLL) -
REWIND INL THR00840
WRITE(IOUT»903) IN1sIN2+IN3 _THRO0850
' Go TO 1 L THR00860
BUMP BOTH FILES T0O TAPE THROO870
300 CONTINUE THR00880
INLsINN(L) L THR0O0890
IN2=INN(2) THRO09G0
IN3#IN2+9 THRO0910
_____ REWIND 1IN . THRO0920
WRITE TAPE SEQUENCE NUMBER THROGS30
1COD=ICV ( IN2) THR00940
WRITE(IN1) (1CODs1=15100)

THRO0950

I ——
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DO 302 J=1,NTTT+10 THRO0980
DO 203 JJ=1y10 -
e bL=200%J) . e
LalL=19¢
NEST NN
303 READ(Z’JJJ’tIFILElKloK-LoLL! s
302 WRITE(INL)(IFILE(I)+1=14+2000) THRO1000
REWIND IN1 THRO1010
WRITE(IOUT,905) IN1sIN29sIN3 THRO1020_
GO TO0 1 THRO1030
PROCESS A PHASE 1 TAPE AND STORE IN FILES THRO1040
400 CONTINUE B THRO1050
ITAPE=INN(1) THRO1060
ILOADSINN(2) THRO1070
IRESP=1INN(3) B THRO1080
IRESPPuINN(&) THRO1090 -
ITEST=INN(S) | THRO1100
IRX=IRESP=({ IRESP=1) /NR)#NR THRO1110
IRXXmIRX+IRESPP=IRESP THRO1120
IFCINN(Z) oL ToleORSINNI21eGTeNI) GO TO 440 THRO1130
READ(1IN#906) FULLIsFULL THRO1140
CALL STORED(ITAPE s IRXsIRXX s ITESTHFULLI #FULLING) THRO1150
GO T0 1 THRO1160
440 WRITE(IOUT,909) (INN(LI)slsloé) THRO1170
GO T0 1 : THRO1180
PRINT STATUS OF TAPE THRO1190
500 CONTINUE THR01200.
INL1=INN{Y) THRO1210
IN2=INN{2) THRO1220
DO 510 IRsIN1sINZ i - . THRO1230Q
IRX=1R=( ({ IR=11/NRI*NR THRC1240
WRITE(IOUT»907) IR THRO1250
 _READUL'IRX)((STAT(IsJisIsleé)eJmleNI) _
DO 506 IMPmlsNT THRO1270
506 WRITE(IOUT»908) IMPs(STAT(I9IMPIslInles) THRO1280
810 CONTINVE . o . . e e THR01290
Go 70 1 : THRO1300
LOAD FILES FROM GRUMMAN BCD TAPE THRO1310
600 CONTINVE = o L _ i o THRO1320
INI=INN(1) THR01330

CALL MRWNDUINL)
DO 610 1=1,10

CALL MREAD(INloltIFILE-360¢NTEST9MRD}
611 CONTINUE :
IFINTEST(S)«EQal} GO TO 611

" 910 STAT(3s1F1X)=3000e

CALL CRUNCH{TFILE 1360}
WRITE!6t930)(IFILE(J)tJlliB&Oi
930 FORMAT{1H1/10(1Xs012)}) _

DO 613 K=1,36
KK=1l0#K=9
DECODE!&IB!IFILE(KK!l(STAT!JoK)'JiloG}
T 612 FORMAT(6F1046)
613 CONTINUE
- DO _T10 IFIX=1,36

Figure A-1 (Cont'd) _ __
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IF(1eNEe3) GO TO &0 . U
STAT(2+17)2=1024333
STAT (4917 )a=104.99
STAT(3+3)92904a - L B ~ e
STAT(3+13)22191,
STAT(3918)m2831,
STAT(3419)m2531, _ - — - i
STAT(23435)w2931, '

610 WRITE(1'1) STAT
DO &40 I=1yNT
[FalOWIw9
CALL MREAD(INI’I!IFILE!3000!NTEST!MRD}

614 CONTINUE ) o e
IFINTEST(6)+EQel) GO TO 614
CALL CRUNCH{IFILE»3000)
DO 620 Jml1l,s3000 I
DECODE(&816IFILELJY) LX : ‘

8146 FORMAT{16) '

620 IFILE(J)=LX R
DO 622 J=501,3000

622 IFILEtLY)m(LIFILE(JI+2)/5
DO 624 J=1,3000

624 IFILE(J)nIFILE(J)}+2048

v PACK 3000 ITEMS INTO 1000 WORDS THRQ1390
DO 626 J=1,1000
Knds j=2 ‘
FLDUIOQs12+IFILE(JY)=]FILE(K)

___FLD(12912sIFILE(J)ImIFILE(K+]})

TFLDI 249122 IFILELIN I IFILE(K+2)

6256 CONTINUE
DO 640 K=1y5
TFE=IF+K=1
Jisl4e(K=1)%#200
J2»J14199

640 WRITE(ZVIFFI(IFILE(J) o dmJled2)
CALL MRWND{IN1}

GO 70 1 B | THRO1460
F PLOT 1TF'S THRO1490
TJ00 CONTINUE THRQOL1500

R CALL PLOTL(IFILEsINN)
TFCINNIT) oEQe1eORe INNTT) sEQe3)
IWRITE(IOUTS915) (INN(I)elnlsd)

e TO0) . — e e vt ... JHRO1530
. “BUMMY : THRO1540
800 CONTINUE THRO1550
GO TO ) THRO1560
= DUMMY : . : : THRO1570
980 CONTINUE ; THRO1580
6o 1001 - et e — THRO1590
€ TERMINATE RUN THRO1600
1000 CONT INUE - THRO1610
WRITE(IOUT912) i THR01620
SYOP | T THROI830 ~
END | - | THRO1640.

Figure A-1 (Cont'd) .
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'FORy 1S STORED»STORED : O

SUBROUTINE STORED{ITAPEsIRESPIIRESPPITEST»FULLTSFULLING) FOu00010
DEFINE FILE 1(10s2163Us1U1} FOW00020
DEFINE FILE 2(36004200,UsI1U2) e FOUQ0030
COMMON TIN»IOUTWNRsNIsILOADIRESPG

DIMENSION ISAVE(10)s2ERO(10)s2EROX{10}+IREC22(1280) FOU00050
_DIMENSION STATUS(6436) o __FOY00060.
DIMENSION ITAVG(119500)sFULL(107»NREC{500) FOU0QOT0
DIMENSION IREC1(34)s»IREC2(2400)+IDISK{600»10)9sJREC(160s10) FOU00080

EQUIVALENCE [JREC(1s1)sIREC2(641)) s {IREC22(1)»JAVGI14381)) FOUQQO090

100 FORMAT(34A2»12(100A24100A2)) FOU00100
102 FORMAT(10E1244} FOU00120
o L L FOU0Q130
1 CONTINUE FOUQD140
IRESPG=1RESP
KAVGXX=0 L FOU00150
IPH=] FOU00160
IREC=0 FOUOD170
K$=0 o L FOUODQ180
KFAILwO FOUOD190
: FOU00200
* PASS 9 RECORDS = READ AND AVERAGE THE TENTH FOU00210
10 00 12 1=1y9 FOUO0220
NGu0 FOU00230
CALL. READT(ITAPE.IRECI'IRECZnIAVG'KSoNG) FOUQQ240
IFING+EQel) GO TO 99 FOU00250
12 CONTINUE FOU00260
KS=KS+1l _ L FOUQ0270
IREC=IREC+10 FOU00280
NG=3 FOU002%0
CALL READ7(ITAPEsIREC1sIREC29IAVGIKSING) FOUOO0300
IF(NG.EQs1) GO TO 99 FOuUQ0310
NREC(KS)=IREC FOU00320
IF(ITESTsGTe4) CALL RITREC(IRECYIREC2)IREC21641))
GO TO(20930+40)sIPH FOUG0330
T FOU00340
- LOOKING FOR DC CALS L FOU0Q350
20 IF(KS.LTe31} GO TO 21 FOU00360
I 300 RECORDS AND NO DC CALS FOUQ0370
B KFAIL®=l ___ ~ __FOU00380
GO T0 99 . FOUOQ0350
21 IF(KSsGTe3IKAVEXXS({IAVG{1eKS=2)4+IAVG(19K5=3))/2 FOU00400
IF(IAVG(1oKS) oLT«10004KAVGXX) GO TO 10 FOU00410
T I F (Y TEST«GT 43 ) FOUQG420
1CALL RITREC(IRECYIREC22IREC2(641)) FOUO00430
IRECX=JREC - FOUQ0440
K§X=KS ' ~FOU00450
IPH=2 FOUQO460
o ¢go TO 10 e e FOUQ0470
: - FOU00480
*  LOOKING FOR END OF OC CALS FOUQO0490
30 KVAGSKAVGXX+500, FOU00500
TF1IAVG(1»K5).LT.KVAG.AND.IAVG(1.Ks-1l.Lf}KVAGl GD TO 34

~FOUO051I0

S Figure A-1 (Cont'd) ;
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o JEAKS LT oXKSX+20) GO TO 10 L . - _...Fouo00520 .
OVER 6 SECONDS OF DC CALS FOUD0530
KFAIL»2 FOU00540
GO 10 99 FOUQU550
34 IRECY=IREC FOUO00560
KSYnKS=1 - . FOWOO0570
T 1. . [ % _..FOU00580 .
' GO TO 10 FOU00590
: FOU00600
€ __IN ZERO ARFA e o FOuUQ0s10
SKIP 50 RECORDS _ , FOW00620
- &0 IF(KS=KSYNE+5) GO TO 10 - FOU00630
- ) . o _ _FQU00640
SEARCH 150 RECORDS FOR EVENT PULSE FOW00650
KAVGIAVG(19KS)+120 FOU00660
50 DO 52 1=1,150 ' ' FOQUO06T70
KSaKS+1 ~ FOU00680
: IRECsIREC+]1 FOU00690
— NREC(KS)®IREC . .. _ FOLO0DTO0 ~
NG=3 FOU00710
CALL READT(ITAPEsIRECLsIREC2+IAVGIKSING) FOU00720
IF(NGeEQal) GO TO 99 L o FOW0Q730
IF{TAVG{11KS) +GTeKAVG) GO TO 54 FOUD0740
52 CONTINUE , FOUODO0T50
FAIL TO FIND EVENT PULSE . FOU00760 _
KFAIL=3 - FOU00770
GO TO 99 FOU00780
— . ... FQUOQT790
FOUND EVENT PULSE RECORD FOUQ0800 -
84 CONTINUE , FOUQO0BLO
_ L IRECZ=IREC = = .. . - . FOU00820
l KS§2uKS . FOU00830
- FOU00840
N READ 6 RECORDS AND SAVE LAST IN ENTIRETY IN IDISK ARRAY FOUQOB50
i BO 60 T=les FOUDOB&E0
IRECIREC+] FOU00870
, NGm3 -~ FOU0Q880
Ks-ns+1 FOU00890
CALL READ7{ITAPEsIREC1sIREC2+IAVGIKSING) FOU00900
IF(NGsEQel) GO TO . 29 _ L o ) £0U00910
" NREC(KS)sIREC FOU00920
60 CONTINUE FOU00930
IFLITESTaGTe0) : B _ FOU00940
TI1CALL RITREC(IRECsIREC2»IREC2{6041)) FOU00950
DO 61 I=ls840 FOU00960
61 IREC22(I)=IREC2(I} e e _FOU00%970
DO 62 J=l,yi0 FOU00930
DO &2 I=1,160 = . FOU00990
_"I!w 62 IDISK¢I+ZOODJ)=JREC(19JIhmw"wwnumm”mﬁm__wwmmmm“m_w“w_m_”m_ FOUO1000
FOU01010

READ AND SAVE ANOTHER RECORD _ FOW01020
_ IREC=IREC+Y . . FQUOl03Q
KSaKS+1

FOUO1040

Flgure A-1 (Cont'd)
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- KSF=KS ) e _.FOY01050...
NG=3 FOL01060
CALL READ7(ITAPEYIRECL1+IREC2sIAVGIKSING) FOUO1070
IFING«EQel) GO TO 99 e __FOY01080
IF{ITEST+GT0) " FOU010%0
1CALL RITREC(:REC.IRECz.IRECzteal)J FOU01100
NREC(KS)=IREC R FOUQ1110
DO 63 I=l,440 FOY01120
63 IREC22(1+640)=IREC2(1) FOUQ1130
DO &4 J=l,sl10 o FOUD1140
DO 64 I=1+160 ) “Fouollso
! 6h IDISK{I+360¢J)nJREC(IsJ) - FOU01160
. . FOUO1170
SEARCH 2 SAVED RECORDS FOR IMPULSE FOUOL1180
TAVGXs({TAVG(1sKS=2)+TAVG(LloKS=3 )+]AVG(1aKS=~G)) /3, FOUO1190
DO &5 I=3,1250 FOU0120Q0
IFIIREC22(1)eGTalAVGX+200eeAND4 JREC22(1~1)4GTs lAvex+2oo..AND. FOW01210
1 IREC22(1=2).GT«1AVGX+200s) GO TO 66 FOUD1220
! 65 CONTINUE L FOY031230
¢ FOU01240
IMPULSE NOT FOUND FOUD1250
KFAIL®=4 - I FOUQ1260
GO TO 99 Fouol1270
: .. FOUo01280
i FOUND IMPULSE I = THIRD ITEM OVER 200 FOU01290
COMPUTE AREA OF IMPULSE FOUO1300
C : FOUoOl3lo
GEYT LOCAL ZERO FOR IMPULSE AREA CALCULATION FOUD1320
66 Jule=2 FOU01330
X1ASH=Q, FOUO1340
e K®J=45 e o . e e e FOU01350
TF(KsLTe1) 6O TO 99 FOU01360
KK=J=§ FOUO1370
DO 67 L=KsKK ) o ; FOUQ1380
&7 x:ASH-x1A5H+rREc22tLi FOU01390
" XJASHEXIASH/40. : FOUO1400
1ARXTASH+SIGN (o5 XIASH) L L FOUOl4lo
: FOU01420
FIND FIRST AND LAST PQINT 50 OVER AVERAGE FOUO1430
68 IF(IREC22(J=1)4LT+IA+50) GO TO TO __FOUQl1440
Juj=1 FOU01450
GO TO 68 FOUO01460
70 IF(IREC22(1+1)sLT«lA+50) GO TO 71 R o FOUO1470
{af+l _ o FOUO1480
GO TO 70 FOU01490
71 JSTRT=J e e — - FOU01500
[ FOUO1510
CALCULATE AREA OF END PIECES FOU01520
AREA=,000025% ( (1REC22(J)~XI1ASH)I ##2/{IREC22(J)=]REC22{J=1))+ FOUO1530
T TRECZZUT I =X TASH ) #w2/ (TREC2ZTT I ~IRECZ2(I+1 1T FOUO1549
IPpTSnlwj+] , FOUOL1550
IF{LIPTS/2i#2= IPTS.NE.O) GO TO 74 - FOUOl560
TYNSURE AN ODD NUMBER OF POINTS FOR SIMPSON RULE —— 777777

FOUOLSTG
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. Imde] e .. __FQUO1580 _.
AREA® 000025# { IREC22(J)+IREC22(J=1)=2¢#X1ASH) +AREA FOUD1590
€ PERFORM SIMPSON INTEGRATION FOU01600
T4 ISUM=IREC22(J)+IREC22(1) o FOWQ1610
TS JlsJ+l FOUQ1620
Ilala=} FOU01630
_IF(11eLTeJ1) GO TO 99 . o Founles0
DO 76 KaJl,1142 FOU01650
76 1SUMalSUM+4#IREC22(K) FOUD1660
JimJlel FOUO1670
Tis[1=] T FOU0i6daol
IF(I1eLToJ1! GO TO T8 FOUO1690
DO TT KwJlells2 FOUO1700
77 1SUMaISUM+2#IREC22(K) T ” FOU01710
ll 78 AREASAREA+,00008/34#ISUM=200005%#(1=J) #*XIASH FOUO1720
o _ FOUO01730
¢ COMPUTE CALIBRATION VALUES FOUO1740
~ IF(KSY=KSXeGTs&) GO TO 79 FOUO1750
NOT ENOUGH DC CAL RECORDS FOUQ1760
KFAIL=5 FOUO1770
GO TO 99 FOUO1780
79 FULLIs34#FULLI /{IAVG(19KSX+2) +1AVGIL1oKSX+3)+IAVG(L191KSX+4) FOUO17%0
1 «TAVG(1+KSY+1) =JAVG{1eKEY+2) ~TAVG(1sKSY+3)} _ FOy01800
| FOUD1810
_‘ AREA IN POUND=SECONDS N FOUD1820
AREAI=AREA#FULLI FOUO1830
DO 42 1m:2,11 FOUO1840
_. Jul=] N FOUQ1850
| 42 FULL (JIm3,#FULL{JY /I{IAVG(I sKSY=31+TAVG(IsKSY=4 ) +IAVG (I sKSY®5)" FOU01860
1 =1AVGIIKSY+1) =I1AVG(IsKSY+2) =1AVG(IsKSY+3))/AREAL FOUO1870
_FOUQ1880
'"I' IT Is NOW NECESSARY TO FILL THE IDISK ARRAY TEN TIMES AND WRITE FOUD1890
IT INTO FILE 2 TO COMPLETE STORAGE OF RESPONSES FOU01900
FOUO1910
‘i—z—rcm 5§ T84MS) ARE SAVED TN IDISK ARRAY FOUO1920
STORE THE LAST KNUM MILLISECONDS OF THESE VALUES ~FOW01930
€ R - FOUOQ1%940
KNUM-(1290-JSTRT)/20 FOU01950
l K=316=5#KNUM FOU0196D
DO 228 I=14sKNUM L FOU01970
KuK+8 FOU01980
DO 228 Jwl,10 FOU01990
AVERAGE 5 POINTS TO GET 1 MILLISECOND DATA FOY02000
zza IDISKI{T s JIm{IDISK(K+200¢ )1 +IDISK(K+20LsJ)+IDISKIK+2020J)+ _FOU02010
1 © 0 IDISKUIK+Z039JI+IDISKIK42048J)+2)/5 FOU02020
NSET=1 B ~ o FOU02030
fukKNUM FOU02040
Ku156 : FOU02050
o DURSEO00 - _FOW02060
GO TO 211 FOU02070
209 DO 210 J=l,ylo FOU0O2080
210 ID:SK{I.Jn-tJREccx.Jz+JREC¢K+1-J)+JREC¢K+2.J)+JREC!K+3.J3+ FOU02090

1 JRECTR# 474142175

FOU02100

Figure A-1
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211 IFt(KeNEsl56) GO T0 212_____ e e __.FOU0211i0 _
Krey FOU02120
KSaKS+1 FOUQ2130
IREC=IREC+] _ e FOUQ2140
NGu2 FOV02150

- CALL READT(ITAPEoIRECI.IRECZ.IAVG.KS.NG! FOUQ2160
NREC(KS)=IREC S EQUQR2170. .
IF(NGsNEs1) GO TO 212 FOUG2180

EARLY END TO DATA FOU02190
DUR= §00# (NSET=1)+1 . FOU02200
If=l41 FOU02210
IF(I1.GT+600) GO TO 220 FOU02220
KSMmK S=1 ) B FOU02230

- DO 213 I=114600 FOu02240

DO 213 J=1410 FOU02250
FILL OUT RECORD WITH AVERAGE OF LAST RECORD FOU02260
213 IDISK(TsJinTAVG(J+1sKSM] FOU02270
~ NSET=10 FOUD2280

GO TO 220 _ FOUQ2290

212 KmKkeS FOU02300
IF({1+EQe600) Go TO 220 FOU02310
I=l+1 FOU02320
GO TO 209 -FOU02330

FOU02340
i PACK 600 WORDS INTO 200 FOU02350

220 L»1 FOU02360
M1=4096#4096 FOU02370
DO 222 LL=1+200 . o o S FOUD2380

‘ DO 221 J=1,10 : FOU0Z2390

221 IDISKILLeJ)={IDISK{LsJ)+2048)#M1+(IDISKIL+10J)+2048) #4096+ FOU02400

1 ) . {IDISK{L+29J)+2048) et e . . FOUOQ24&10

222 LsL+3 | , : . FOU02420

JJ=0 | . A FOUQ2430
C STORE IN FILE 2 - FOUQZ2440

DO 242 J=IRESPIIRESPP FOU02450

JJInJJ+l FOUQ2460

_IFILE=360%(J=1)+10#(ILOAD=1)+NSET FQUO2470

242 WRITE(Z2VIFILEY(IDISK{TaJ)) 9f=19200) FOUO2480
1=1 FOWU02490
NSET=NSET+] L FOU02500

SET.EQ.I1Y GO TO 345 FOU02510
GO TO 209 FOW02520

345 WRITE(IOUTs107) AREAIWDUR _ FOU02530

107 FORMATU//777 TMPULSE AREA IN LB=SECw"sF1046/ FOU02540

) S DURATION OF RESPONSE IN SECONDS='3sF740) FOW02550

FOU02560 .
C CALCULATE ZERO FRON REGION AFTER EVENT PULSE - FOU02570
DO 350 1=1,10 . FOU02580 .
Lel+l FOU025990
350 ZERbiI)iTTAVGlLoKSZ+2I+TAVGIL-KSZ+3)+IAVG(L’KSZ+43+IAVG(L:KSZ+5)l FOUO2600
/4 FOU02610
FOU02620

TTCALC UEETE IETE"RNA’Tﬁ_ZER_ FROM AVERAGE OF EWTR'E"TTF‘E‘K&EPT FOUOZ830
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LAST RECORD AND FIRST 320 MILLISECQNDS . . ..FOQUO2640
KSFFaKSF+10 FOUD2650
KSLaKS=1 FOU02660
DO 354 I=l,yl0 e o o
ZEROX(I) w0, FOUG2680
DO 352 K=KSFFKSL FOU02690

352 ZEROX(1)=2EROX(I}+IAVG{I+1)K) . e FOUQ2700 _

354 ZEROX(I)S2EROX(1)/{KSL=KSFF+1}

FOUQ2710

€ UPDATE STATUS FILE . Fouo02720
Iw0 FOU02730
DO 380 J-:RESP.IRESPP FOU02740
Isl+d L FOU02750
READ{1'J) STATUS FoOucz760
STATUS{1)»ILOAD)=FULL{T) FOUD2770
STATUS(2+ILOAD)ZERQ(1) . FOU02780
STATUS{3+ILOAD)=DUR" FOU02790
STATUS (4 ILOAD ) w2EROXIT) FOU02800
_STATUS(%»1L0AD)=FULLL FOU02810
STATUS {69 ILOAD) =AREAL FOU02820

260 WRITE(1'J) STATUS FOUQ2830
99 CONTINVE = =~ FOUQ2840
CALL MRWND(ITAPEY
- WRITE(IOUT+101)({JeJd=1,9)
101 FORMAT(///' SUMMARY OF RECORD AVERAGES'//' RECs IMP 1, .
1 S(' R'%ILs' Rl10'//) ~ :
JinK§X=4 ‘ FOUQZ2880
. J2mKSY+4 _ FOU02890
WRITE(TOUT+108) (INREC(JY s (TAVGITsJ) si®1 411y Ju01lsd2) - FOUQ2
J1mK§2=2
J2=KS2Z+6 00 - N
WRITEtIOUTgloa)tNRECIJSol!AVG!InJ)¢I=1 I11sJaJl9d2) ‘
J1l=KS=4 FOU02940
J2=KS FOUO2950
wR!TE(IOUToIOBIINREC(J)oIIAVGtIoJI:I-loll)oJadlon)
108 FORMAT{1216) FOU02970
-~ RETURN S, - FOU02980
FOUD2990 .

END
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#FORs1S RITRECIRITREC

46

SUBROUTINE RITREC(JBIBIC) - F1v0002
COMMON IINsIOUTsNRsNISsLOADsIRESP

. DIMENSION ICSUM(1l)selBSUM(22y _Flvoo0o05

, DIMENSION IC({160+11)+IB(2400} FIV0006

100 FORMAT{'1RECORD NOs'sI14+10Xs'LOAD NOs'+13+8Xs'RESPe NOs! .13 FIvo007

N | /740X IMPULSE TRACK' 960X » '"RESPONSE NOs 1'/) .. .._ F1vo008

101 FORMAT(123+2Xs2015+2X+515) F1vQ009

102 FORMAT(1HD s 1Xe5(5Xs"'RESPONSE NOs's13+6X)) FIV0OO1l0

103 FORMAT(13+515+4(1Xs515)) e FIVOQll

104 FORMAT(1HLl » 1Xs5(5Xs'RESPONSE NOe'$i3+6X)) FIvool2

7105 FORMAT(1X01615/1Xi16!5116rIlGnIOIsl FIvool3

DO 9 Islell FIVOOlé4

T 1CSUM(T =0 FIV0015

DO 8 JU=m1s160 ‘FIvo0le

8 ICSUM{I)ImICSUMITII+ICIJaI) FIVOOl7

9 ICSUM{I)=ICSUMIT)7180e+e5 FIV0o018

. WRITE(IOUT»100) JBsLOAD+IRESP FIVO0O19

DO 4 Iwls32 FIvQ020

I18sUM(T ) =0 FIvVoo21

J1=20#t=19 FIvo022

J2nJ1+19 FIv0023

00 12 JwJlyJ2 - FIV0024

12 IBSUMtII-!BSUM(I)+IBIJ! FIVQ025

IBSUM(I)-IBSUMtI)/20.+o5 FIV0026

J¥uEiT=i . FIVO02T

JanJ3+4 Flv00o28:

4 WRITEUIOUTH101 )1 »(tBIJ) 0 Jmuled2)alICIJsl)edmu3eds) FIv0029

WRITETIOUT 1027 (KsKm248) FIVQO030

DO 8 I=l416 FIV0O0O31-

J1wGW#fwy . F1v0032:

J2uJi+h FIV0033:

5 WRITE(IOUT103) I+{(IC{JoK) s JaJdled2)sKkn246) FIVO034

WRITE(IOUT 11043 (KsKm246) o FIV0035

DO 7 T=17932 FIVO03é

JinS#i=i FIVO03T7:

J2uJl+s F1v003s:

7 NRITE(IOUT;IO3)I-C¢ICCJ;K);J*JI.J2)-K=2.6) FIV0039

WRITE(IOUT»102) (KsK=T411) F1v0040:

DO & l=l1432 . FIVooal!

J1s5uTws FIV00&42

J2nJles FIV0043

6 wnzve«xour.losa Io{t!CtJ:K!oJHJl:J2)oK!7olli FIv0044

ICSUM(11)=0 FIV0045

00 11 1Is1,32 FIV0046

11 ICSUMLL1)=ICSUMILL)+IBSUMIT) FIVO0&T:

ICSUM(11)mICSUMIL1) /320445 ' F1v0048

WRITE(IOUT108) IBSUM»ICSUMILL) »{ICSUM(J)9aJ=1410) FIv0049

RETURN e e FIV0050

END FIV0051:

Figure A-1 (Cont'd)
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#FOR+1S READ72READ? '
SUBROUTINE READ7(JTAPEsIRECL+IREC29IAVGIKSING)
e COMMON TINSIOQUT
DIMENSION 1AVG{1lel}
DIMENSION IREC1{34)sIREC2(2400)
100 FORMAT(34A2+12(100A25100A2))

Flvoo5ac

" FIv0054C

FivQ0550
F1v0056C

101 FORMAT(' READ ERROR ON UNIT's13,' KS='s13s' PREVIOUS RECORD USEDTIFIVO057(

102 FORMAT('OEND OF TAPEs KS='y]3) F1v0058¢
90 CALL UNPACK(JTAPEsIREC291STAT) | -
IF(1STATeEQe2) GO TO 110

IF(ISTAT¢EQe=1) GO TO 120 -

93 IF(NGeEQeO) RETURN FIV00650

€ CONVERT IMPULSE NG=1 RESPONSES NG=2 BOTH NGa3  FIV0066(

IF(NG+EQe2) GO TO 11 FIV0067C

DO 10 I=1,840 F1v00680

10 IREC2(1)1mIREC2(11~20648 FIV00690

IF(NGsEQsl) GO TO 13 FIV00700

.11 DO 12 1%64192400 - F1V00710

12 IREC2(1i»IREC2(1)=2048 FIv0072¢C

13 CONTINUE | FIV0073¢

105 CALL AVGUIREC2»TAVGILsKSIING) L F1V0074¢

NG=0 FIVo0750

RETURN FIV0OT6(

110 NG=} ] o FIV0077¢

TWRITE(10UT»102) K§

RETURN - FIV0079¢

120 WRITE(IOUT101) JTAPEIKS . . L

IF(NGeEQeO) RETURN FIV00816

IF{KSeLT+2) GO TO 122 FIv0082¢

DO 121 I=1,11 F1v0083(

121 TAVG T3SV aTAVETT ¥KE=1" - FIVO0B4T

GO TO 124 - FIVO0B5G

_..122 DO 123 I=1,11 - . e FIV0086C

T123 TAVG(19KS) a0, FIVOOBTC

124 NG=0 FIVOOBBC

DO 125 1=1,2400 o FIVO089¢G

125 IRECZ(T)0 FIV00906

RETURN FIV0091¢

END F1v0092¢

 TFigure A-1 (Cont'a) ___
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#FORIS AVGSAVG

SUBROUTINE AVG(IREC)TAVGINGT FIV00950
DIMENSION IAVG(11) FIv00960

e . DIMENSION IREC(2400) e e _F1V00970.
1SUM=0 FIv00980

0O 1 I=1s11 FIV00990
1 JAVGII)=O . e e o e FIVOQL000
C AVERAGE IMPULSE NG=1 RESPONSES NG=2 ~~ 'BOTH NG=3  FIV01010
IF(NGsEQe2) GO TO 3 FIV01020

500 2 [=11640 e ___FIY01030

2 TSUMs ISUM+TREC(TT | Fivo1040
1SUM=15UM/640 4445 FIV01050

TAVG (1) =1SUM _ FIV01060
IF(NGsEQe1) RETURN FIV01070

3D0 & J=2,911 FIVOl080
1SUM=0 FIvOol090
Keé4l+e(J=2)4160 FIV0OliQ0
LeK+139 FIVOl110

. DO & IsKsb F1v01120

4 1SUM=ISUM*TREC(T) FIV01130

6 1AVG(JI®ISUM/160s+e5 FIV01140

. RETURN I FIVO1150_
END FIV01160

#FORYIS UNPACK»UNPACK
SUBROUTINE UNPACK{INLsIREC2+1STAT)
DIMENSION [REC2(2400)sN(8),DUMIB12)

CALL MFCIN)
CALL MRE&D(INlﬁloDUM|812iNIMl
3 CONTINUE

TFINT&)sEQ.11GO TO 3
ISTAT = N{§) '
IREC2(1)=FLD(12»129DyUM(12]))

IREC2(2)=FLD{249129DUM{127)
IREC2(2400)aFLD(0s12,DUM(822))
DO 2 K=132,811

Je3#K=36
IREC2(J)wFLD{ 012 +sDUMIK))
[REC2(J+1)eFLD(12¢129DUM(K))

2 IREC2(J+2)=FLD{249124DUM(K}))
RETURN
END

figure”h;i W(Cont'd)__ L
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#FOR»1S PLOT1+PLOTL .
SUBROUTINE PLOTICIFICESINNY S

} COMMON IIN»IOUTsNRsNI
DIMENSION STAT(6+36)
DIMENSION X(301)sY(301) o IFILE(L) o INN(B)

; IRI=INN{1)
f IR2= INN(2)
IL1=INN(3) —

| IL2=INN{4)
MS=INN(51

NPT=INN(S&) e

| IPR=INN(T)
\ . 1OPENsINN(8)
- : IF(IOPEN.EQ,I-QE,IOPE&MEQ_QI

CALL OPEN PLOT ROUTINE

XL=1l0»
p YL=2,
X{1l)=0,

Y(11%0,
w WRITE(IOUT+100)
} 100 FORMAT(///' PLOT. PACKAGE EXECUTING')

1 NPTS=MS/NPT
IF(NPTSs.LE+300) GO 70 2

[ NPTaNPT+1 N
] GO TO0 1 '

2 DX=XL/NPTS
\ DO 3 I=1sNPTS

X{I+1)=DX#]
MEsNPT#NPTS
DQ 200 IL=IL1.1L2

F D0 200 IR=iR1lsIRZ
IRX®IR={ ( TR=1) /NR ) #NR

READ(1! IRX)(tSTATlItJDoI!lo&!oJiloNl) e,

CONsSTAT(1s1IL)
ZERO=STAT(291L) -
IFa({ IRX=1)#10#NI+10%(TlL=1)

DO & J=1410
LL=200%J

TF{({3nL=~3]4GTeMS) GO TO 7

LeLL=199 e e e e+ o e o e e e e e e

Program I - Fortran Listings
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IFFulF+J _ B S—

6 READ(Z2'IFF){IFILE(K) oKmLoLlL)

7 NPTSSsNPTS+l .
DO 40 1=1sNPTS.
1P=1+1
Y(IP)=04
DO 10 J=leNPT ‘ -
Ku(1=1)#NPT+J
KWs{K=1)/3+]

KPxlABS (K= {KW=1)%3=1)#12 S e
10 Y{IP)mY{IP)+FLD(KPs12+IFILE(KW))
40 Y(IP)=Y({IP)/NPT=20484=2ERD
1F(1PReEQe2) GO TO 60
PLOT X VS Y  NPTSS VALUES
X 18 IN INCHES RANGE O TO 10 INCHES 1S TIME FROM O TO MS MILLISECONDS
Y 1S IN COUNTS FROM_=2048 TO +2048 " e
CON 1S MEASUREMENT UNITS PER PUUND SECONDS PER COUNT
1F({IPR.EQel) GO TO 200
60 WRITE(10UTs902) IRsILINPTSsNPTINPT -
§02 FORMAT (1H1/' RESPONSE'»13s7  LOAD's13+10Xs14s" POINTSY STARTING o
1 0 AT'sI%3s' MSs SPACED EVERY'sI3s' MS IN COUNTSs ZERO ADJUSTED')
wRITE(IOUTo903)(111lyllchPTSS) ‘
503 FORMAT(////TLHO»10F1041))
200 CONTINUE
c IF (1OPENsGTs1) CALL CLOSE PLOT ROUTINE
RETURN
END

0NN

S | Pigure A-1 (Cont'd) __
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%FOR»IS RESPIRESP

oL __ .

PEFINE FILE 1(10s2165UslUl)
DEFINE FILE 2(3600+2002Us1U2)
DEFINE FILE 3{36»1200sUsIU3) PR

COMMON §INsIOUTWNRsNIsILOAD
INTEGER FoFF
DIMENSION IFILE(6000)sITF(1200)»YITF(1200) e

DIMENSION FI6)WRESP (1201)98C(36)sMT(6)1 DT (69 TEMP(1201)
DIMENSION FEMP(1200)sJTEMP(1200)F1(1200)+FOR({1200)
DIMENSION SUM{1201) ¢STATI6+36)+1FILLI200+10)

EQUIVALENCE (IFILL{1s1)+IFILE(4001))
EQUIVALENCE (IFILE(II!TEMP(III!(IFILE(IZOII.FEMP(I)!
EQUIVALENCE (IFILE(2401)sJTEMP{1)} o (IFILE(3601)sF1¢2))

EQUIVALENCE (IFILE{4BOl})sFOR(1))
DATA F/'LOAD '4!'TIME 'y'FORCE '»'RESP '»'PLOT 's'CYCLE '/
901 FORMAT(A6+314)

902 FORMAT(///% NO LOAD CARD = QUIT!}
903 FORMAT{///' ERROR = RESPONSES ON TAPES's214)
904 FORMAT(///' ERROR = MOUNTED TAPE's14s' NEED TAPE's14)

905 FORMAT(///' RESPONSES'sl4s' TO'ylas' LOADED FROM UNIT!s13)
906 FORMAT(///' USING FILES WITHOUT LOADING FROM TAPE!)
907 FORMAT(///!' ERRORy UNIT='s14)

908 FORMAT(///' NO TIME CARD = QUIT!) '
909 FORMAT(///' SET TO RUN's15s' POINTS AT'yI3s' MS'/ _
)} ' TOTAL TIME='y]5,' M§') e e

910 FORMAT(///' SOMETHING WRONG THERE = QUIT')
911 FORMAT(AGs4Xe&6(159F540))
912 FORMATI(///' NO FORCE CARD = QUITH)

917 FORMAT(///' USE PREVIOUS FORCES!')
914 FORMAT(///% TOO MANY VALUES IN FORCE TABLE = QUIT')

915 FORMAT(I2sFB8.0) : S J— e e < e e
916 FORMAT(///' ERROR IL «GTe NI = QUIT') :

917 FORMAT(16F540} . ‘
918 FORMAT(A69314+E1240)

919 FORMAT(///' ERROR IN RUN CARD = IRAWIRB='42I4»' QUIT")
9190 FORMAT(///' SET TO PROCESS RESPONSES'sI4»! TO's14)
- 920 FORMAT(///' INCORRECT FILTER INFO = QUIT')

921 FORMAT(///' USE CALIBRATED ZERO!'}
922 FORMAT(///' USE AVERAGED ZEROQ')
923 FORMAT(//' USE FILTER TO KILL FREQUENCIES BELOW'sF6els' CPS')

25 FORMAT(1H1s 'RESPONSE's13s! LOAD!' + 13! EVERY's 14! MSV///
1 (10E13.4/))
926 FORMAT(1H1.'SUM OF ABOVE RESPONSES'/!/(IOEIB-#/)i

927 FORMAT(AG6+5149F1040)
928 FORMAT(///!' RECYCLE TO POINT'+I3) ' .
929 FORMAT(1H1+'FORCING FUNCTION'sI3s' EVERY's]33' MSe STARTING AT'»

1 134 MS'//{10EL1344))
930 FORMAT(///' ERROR IN PLOT CARD")
[IN=5

touT=s .

' Pigure A-2
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-——__NR=10 U UM ; O

NI=36

NTeENR#N]

NTT=6#NT

NTTT'lo*NT-mWM“,MW”W
NTIs6uNT

CALL PLOTA e e

C

READ LOAD CARD

1

CONT INUE .
READ(I1INs901) FFsIUsJR1+IRZ

IFIFELEQ.F(Ll)) GO TO 10
WRITE(IOUT+902)
G0 T0 99 :

10

IF(IU.EQe0) GO TO 34
IF(IUeGT o6+ANDeIULTL100) GO TO 12
WRITEL(IOUT»907) 1U

12

GO TO 99
REWIND [V '
[CO1=(IR1=1) /NR+1

1cD2=(1R2~1) /NR+1
IF{1CD1+EQs1CD2} GO TO 20
WRITE(IOUT»903) I1CD1,1C02

20

GO TO 99
READ(IU) (1CDs1=19100)
IF(ICDJEQaICDL) GO TO 30

REWIND IU :
WRITE(IOUTs904) ICD»1CD1
GO _TO 9%

3¢

READ(IU) LIFILE(T ) sI=1eNTT)
DO 31 I=14s10 -
J2s] #NTI

31

Jl=J2=NT[+1
WRITE(L' D) (IFILE(J) pdndled2)
DO 32 J=lsNTTT,s10

READ(IU) ({IFILL(KsL)9sKu19200)sL=1910)
DO 32 L=1410
JJsJel=1

32

WRITE(21JIY LIFILLIKsL) sK=19200)
REWIND U _ :
IRX=ICO*NR=9 ~

IRY2IRX+9
WRITE(IOUT»505) IRXsIRY IV
GO TO 36

C

34

WRITEI1OUT906)

READ TIME CARD
. 36 READUIINGSOLY FEINPTSINMS S

IFIFFsEQeF(2)) GO TC 40
WRITE({IOUT»908)
GO TO 99

40

MTIMEsNPTS#NMS

" Figure A-2 (Cont'd)
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53

WRITE(IOUT9909) NPTSsNMSHMTIME S —

IF(NPTSeGTels AND-NPTS-LTolzol-AND-MTIME.LT.bOOl! GO TO 44
WRITE(IOUT»910)

GO TO 99 ' o

C SET UP FORCING FUNCTIONS
C READ FORCE CARD

44

READ{IINS9L1L) FFa(MT(I}sDTi{TI)sInlsb)

IF(FFJEQF(3)) GO TO 50
wRITE!IOUTo912)
GO _TO 99 ' e

80

IF{MT(1)<GT+0) GO To s B -
WRITE(IOUT913) : K
GO _T0 70 : o

52

NSET=MT(1}
MTT=NSET
DO 2 I=1eNE -

2
B4

SC(1)=0,
DO 54 I=lyMTT
TEMP(1)=]#DT(1)

DO 56 J=2+6
IF{MT(J)eLTel) GO TO 60
MTJeMT(J)

MTTeMTT+MT )
IFIMTT.GTW1200) GO TO 58
DO 56 ImlsMTJ

56

NSET=NSET+1
TEMP({NSET)}sTEMP(NSET=1)+DT(J)
GO TO 60

58

WRITE(10UT+914)

‘GO TO 99

.C _INTERPOLATE TIMES __ ____. R O .

60

DO 604 I=1sNPTS
IS=]
TG=]1 #NMS

604

IF(TGsGT«TEMP(1)) GO TO 606
JTEMP(I) =1
F1(1)sTG/TEMPEL)

606

GO 10 612
J=2
DO 610 1=1SINPTS .

607

TG #NMS
IFITG.LES TEMP(J)) GO TO 608
J=Jd+]

608

GO TO 607
JTEMP (] )=y
FLl{1)=(TG=TEMP{J=1) ) /{TEMP({J)=TEMP (J=1})

610
612
51

CONTINUE
CONT INUE
READ(IINS91B) 1LsSCL _

IF{ILLTW41l) GO TO 70

Figure A-2 {Cont'd)
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i

e sC(lLlamSCL e

IF(IL.LEeNI} GO TO 62
WRITE(IOUT»916)
GO _TO 99

62 READI[IIN#91T)(FEMP(I) 1=l oMTT)
DO 66 I=1sNPTS
e JTEMP{T]

FOR{1)aFEMP{JI#F1(1)
IF{JeEQal) GO TO 656
FOR({I)=FOR{ 1} +FEMP [ J= 1)*(1.-F1(I))

- 66 CONTINUE
WRITE(3! IL)!FOR(I).I!I.NPTS}
WRITE(IOUT+929) ILsNMSINMSs{FOR(])sImlsNPTS)

GO TO 61
TO CONTINUE
C FINISHED READINGs JNTERPOLATING AND STORING FORCES

C READ RESP CARD
71 CONTINUE
READ(IIN+918) FFsIRASIRBIZFILFREQ

IF{FFeNE«F{&4)) GO TO 99
IF(IRAGE«IRX«ANDs IRBoaLESIRY AND.IRA-LE¢IRB) GO TO 72
WRITE(IOUT919). IRAIRBE :

GO TO 99
T2 WRITE(IOUT»9190) IRA+IRB
JF(1ZFILeGTeOeANDa]IZFIL ol Te4) GO TO 74

WRITE(IOUT»920)
GO TO 9¢
74 GO TO (76»78+80)sI1ZFIL

76 WRITE(IOUT921)
GO TO 82
78 WRITE(IOUT922)

GO TO 82
B0 WRITE(IOUT923) FREQ
82 CONTINUE

'C  READ PLOT PRINT CARD
83 READ(IIN#927) FFsNPL
JF({FF.EQsF({3)) GO TO 84

WRITE{IOUT+930}
GO TO 99
84 CONTINUE

DO 800 IR=IRAIRB
DO 110 1=14NPTS
110 SUM(I}=0e

SUM(NPTS+1)u0. :
IRZ=IR=({IR=1)/NR}#NR
READ(1¢IR2} STAT

DO 700 ILalsNI
IFISC{IL)+EQeDs) GO TO T00C

. ‘ IF-!(IRZ-l)*NI+lLL“lJlle__,

DO 120 121,10

Pigure A-2 {Cont'd)
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IFF=1F+1 e e e e

120

READ(2'TFF) (IFTLL(JsI1)9pJ=14200)
MPAC=STAT {39 IL)+el
1IF{1ZFIL+EQe3} GO TO 122

22

122

IFIMTIMESLTeMPAC) MPAC=MTIME
J=0
DO 124 [=1sMPAC

K=4001+(I=11/3
IFILE(I)=FLD(Js12 IFILE(K}I=2048
JuJj+12

124

IF(JsEQe36) J=0
CONTINUE
GO TO (13041311503 12FIL

130

131

ZER=STAT{2s1IL)#NMS
GO TO 132
ZER=STAT (49 IL ) #NMS

132

MPTSaNPTS
IF{MPACeLTaMTIME) MPTSaMPAL/NMS
GO 10 133 '

150

CONTINUE
MPTS=NPTS
1E (MPACsLTaMTIME) MPTSsMPAC/NMS

NEED=MPTS#NMS
CALL FILT(IFILEvMPAC’NEED:FREQ)
ZFR=0.

133

CONT INUE
DO 140 [=14MPTS
1ITF{1}=0

138

DO 138 J=1leNMS

‘Ko [l=1)#NMS+J

ITE{1)=1TF(I)+IFILE(K])

140
400

YITF(T)=ITF(1)=2ER
CONT INUE ‘
READ(I'ILI(FOR(I}»121sMPTS)

MPTSS=MPTS+1

DO 402 1=14MPTSS

02 RESP(IN=06 —

DO 404 1=1sMPTS
JM=MPTSS5 =]
DO 404 J=leJM

404

JPxJ+1
RESP({JP)=RESP(JP)+FOR(I ) #YITF(J)
SCALE=STAT(1aIL)%.001#SC(IL)

406

DO 406 1=1sMPTSS
RESP(1)=RESP(1)#SCALE
SUM(J1=SUMITY+RESP(L)

100

WRITE(IOUT»925) IRsILINMSo{RESP(1)1]I=2+sMPTSS)
IF{NPLWEQs2) CALL PLOTB(IRsILMPTSSsNMSIRESP)

CONTINUE

WRITE(IOUT»926){SUMIT)»1=24MPTSS)

Figure A-2 (Cont'd)
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TEINPL 26GF.1) CALL PLOTRUIRSIL¢MPTSSeNMSeSUM) e o

BOO CONTINUE
C READ RECYCLE CARD
e READUIINGS2T ) FEANCY o e e e s o
IF(FFNE«F{6)) GO TO 99

WRITE (I0UT,928)

GO_TO (1936834446187 099 ) NCY . L e
99 CONTINUE

CALL PLOTC

STOP

END

#FORs1S PLOTBaPLOTE
SUBROUTINE PLOTB({IRsILIMPTINMSY)
DIMENSION Y (1)
¢ __PLOT ROUTINE HERE R
RETURN
ENTRY PLOTA -
C_ PLOT INITIALIZATION HERE — -
RETURN :
ENTRY PLOTC
C  PLOT TERMINATION HERE -
RETURN
END 1

Figure A-2 (Cont'd) -
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lFORoIS FILT-FILT -

SUBROUTINE FILT(IFILEsNPTSsNEEDSFREK).

FREQ®=ABS (FREK)

-DIMENSION IFILE(L)eX(2+300)9Y(22300)9W(20300192(2+600)

NMS=1-
MPT=NPTS/NMS

IF{MPTeLT«300) GO TO 2
NMSaNMS+1

GO TO 1

NPTeMPT#NMS

DF=1000+/NPT
NKILL®2+:01+FREQ/DF
MKILL=MPT+2=NKILL

TF(FREK+GTe=1s) GO TO &
NMS=20
MPTa125

KILLIFREQI.“+.51
NKILLsKILL+2
MKILL=125=KILL

CONT INUE
DO 3 I=1+300
X(2s1)m0e

K= 1 _
DO 6 teloMPT
X(1e1)u0e

DO 6 JmlsNME
X(1s 21X {1 D) +IFILE(K)
KaK+1

16

DO 16 I=1,MPT
Xtlal)ax(1lel)/NMS _
CALL FASTL(XsYIMPTsZoWel)

DO 7 T=aNKILLeMKILL
Y{le1)=0s
Y{2+])=0e

CALL FASTI(Y ' XoMPToZsWo=1)
DO 8 I=1sMPT

X(1ol)uX{1lel)/MPT

00 12 T=1sNEED
Paf=]l |
PER/NMS+1, . _

11=pP
FFapP=l}l
Fule=FF

12

IFILE(Il=lFILE(Il-(F*X(1011)+FF*X(19!1+1!)

RETURN
END

" Figure A-2 (Cont'd)
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BEORe1S FASTIsFASTY ... o . .

I SUBROUTINE FASTL(XsYsNsZsWs5) TW0o02260
C FAST FOURIER TRANSFORM OF COMPLEX DATA BY DAVID IVES» GRUMMAN: Twoo2270
_INPUT VALUES (COMPLEX) *______INQQZZEQN

YesaeoN OUTPUT VALUES (COMPLEX) TW002290

c NeesoosNUMBER OF VALUES , | TW002300
_ | N _(COMPLEX}) TWQ02310

c WeoeseDUMMY STORAGE OF LENGTH N (COMPLEX) Tw002320
c SeeeseSIGN CONTROLLING DIRECTION OF TRANSFORM TW002330
ol THIS PRODUCES 'OUTPUT Y' FROM 'INPUT X'y WHERE TW002340
e o I O BTN A R NN NI AN AR I M AN RN R RRTWO02350
c - K=N TW002360
L_____x1J1_5um_&LSL“E321§1§M1141§13132_EI {Jeml)#(K=1)/N) TWQ02370
E Kel , TW002380
****************************************-*l*ﬁ'-H-*******#*H***********Twooz390'

o WITH 1=SQRT(=1)s S=+1¢ QR S==les AND P1=341415%evcsess TWQ02400
c COMPLEX NUMBERS ARE MANDLED IN FORTRAN 4 CONVENTIONs NAMELY THE  Tw002410
REAL AND IMAGINARY PARTS ARE STORED IN ALTERNATE CELLSs STARTING - TW0Q2420

THE REAL PART OF X{1) IN THE FIRST LOCATIONs ETCe TW002430

DIMENSION X{1)92(1)sWl1)sY(1) TW002440

MOD (JaK ) =dm( /K ) *#K - , TWO02450

DO 1 21N , : TW002460
W(2#I=1)2COS((6428318530717959/N}#(I=11) TWO002470
Wi2#l)l= SIGN(lesS)I®SIN((65428318530717959/N)*(I=1}) : TWO02480
2{2#]=])mx(2#]=1). TW0024%0

1 Z(2#1)=X(2#1) , TW002500
1DaN ' TW002510

DO 4 _J=slN ' . TW002520
IF{ID=1) 545415 ' . ' TW002530

15 CONTINUE _ - TWO02540

DO 2 JX=24I0 - - TW002550
[F(MOD{ID»1IX)) 39392 TW002560

2 CONTINUE TW002570

3 Ib=1D/1X , TWO002580
1S=N/1D o . TW002590

DO 4 Ll=1,1$ A : _ TW002600

DO .4 L=1s1D TW002610

S JM={MOD(L+(L1l= 1)*10*1x.N)+Moo¢J+1.z:*N)*2 TW002620
JPE(L+(LL~1)#ID+MOD{ 921 #N) #2 TW002630
Z(JP=1)=2 (IM=1) TW002640

21JP) =2 JM) | TW002650

DO & IH=2,IX TW002660
1G=(MOD( (L1=1)#1D#( TH=1) yN)+1)*2 _— _ TWQ002670

C O IUSJIME{TH=1) %ID%2 _ TWO02680
Z{JP=1}2Z(JP=1)+ZIU=1)#W{IG=1)=2(IU)#W(IG) TW002690

4 20JP)e2 (JP)+2 (TUI#W({IG=1)1+2 LIU=1)#W(]G) . TW002700

5 DO 6 l=lsN ' | TW002710

Ko 2#({MOD(J+1 421 #N+] )=l : ,

Yi2#]=))wZ(K) \ , TW002730

K=K+l o | | TW002740

5 Y(2#1})=2(K) TW002750
__RETURN : . TW002760

- END

Figure A-2 (Cont'd)
Program II - Fortran Liatings
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* {RUN CARD)
TERASGST 1.F2/2/74% - T T T e
*ASGsT 2,F2/7/P0S/7
*ASGe+TB 10,.,BC,A06515
—HASGLTH 11, 8C.TAPES U T U —_—
*MOVE 11441 '
*¥ASGHTB 12,8C,TAPES
*MOVE 12.,1 T T h e N
¥ASG.TB 20.8C,5CRATCH
m—mmmnewwe= FORTRAN DECKS —wsvweccow

*MAP, 1 +MAP, sPROG
SEG TOP* )
CIN ETEL SOOI e e
LIB MSC*LOCALIB '
2XQT PROG
LBRE LD § T D T e e S
STATUS 1 10
RUN 11 5 1 10 5
Ty EBR00. YIE3S U639, T T283y TTB24 . 1092 T IIT0. T U653, T 0 PR B 4 PUR I - P
‘RUMN 12 6 1 10 s '
12500. 1343, 750« 1460, 733. 1284. 1305, 767 752 210. 2104
TPLOT 1T 10 s & 500 a2 0 o o Tremm oo
STATUS 1 10 '
DUMP 20 1 10
..... ERB e
*PMD.E

®* = T/8 PUNCH

e ) Figure B-1 ) e e

Program I - Deck Setup and Data
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RECORD MO, %449 LOAD NO. & RESP. NO. 1 :
IMPULSE TRACK RESPONSE NO. |
1 18 i 14 17 16 14 13 1s 17 17 14 2o 29 18 17 19 21 22 2n 19 & 10 7 & 9 ‘
———2 e e} R 23 Q20 - 20 -2} 18 16-- 16 - 16 17 a7 b4~ 18 AP @2 22 @} ) B 3G . & P 4 5 —_
3 18 2p 18 17 ] 22 23 21 19 19 21 2 19 ié 14 14 15 1s 15 15 5 3 5 9 10 s
B et W SRR PR & ST F SV Y N SRR S U Y SHNNE -y IR ST N IO T N7 SN SY TV YN T S S S, XOn S S—_
5 22 19 5 13 11 12 13 13 16 18 16 15 18 17 1% 13 i5 18 20 22 8 o 12 12 13
& —2F-- 17 43 — 1% -8 .18 1? 14 1é 17 2t 22 1% 17 14- 17 1% --28-.-21 - 20 - 13 - 1% 13 11 10— -
: ? 17 R 14 15 18 19 18 24 29 21 17 14 17 16 1s 18 21 Z3 22 9 7 8 % 3
ol e 3B — AT - 4T M - 1& - 20 22 21 t& Pe & 17 - te 18 17 18- 2018 - 1N 12 3 3 L. SR 2
. 9 13 15 17 18 20 21 19 i7 19 22 20 17 15 1?7 19 20 19 1& 14 18 10 9 -] 7 7
e 2 e o S Bt A SnEees £ TPl I e . IR |- TIRR B 4 LN 1SR = B o L B s = ST o N B S S L Uy - SR §- S,
1. 18 17 17 16 15 . 14 17 14 1t b4 17 17 17 17 18 . 17 17 18 18 17 11 io 9 12. 17
& Rt | MU : PR - WA | SO SRS - e L TR T S 15- 1% R R e e o e O R X e & ey £ S § B - R S —
13 14 by 15 18 ts 13 11 13, 11 19 11 1 1o 1l 13 13 13 14 14 14 14 19 18 16 17
e BT e % Y- 13— 13- 46 14 14 12 - ¥2- - ¥ 1t 13 - 2 158 14— 12 - 3 12 4T A 19— 7. &
15 11 13 17 1a 12 ? 3 ? 12 12 10 & 5 é 9 12 14 15 13 711 5 L] 4 3 9
—_—t e W O - B} 3 e B - 912 13— & J. SESUSPUUOR - RN . W WP ¥ « TSNS 1 - SUNPSSIS N ¢ TN B (RPN B SUNR [ SYNNNDNN YN SUNS S
17 12 9 3 7 & 13 g & b ? 9 10 9 ? 7 7 7 & 5 k| 10 12 12 10 10
— 5 s P T - -} - & & 5 5 5 . 4 - F. . BB 3 — 3 —F.--—-B -8 t4 - 47 i 12- 10 -
19 3 5 8 & 8 9 ] 4 7 8 3] 10 ] 7 10 10 4 é 3 4 £a L1 11 12 11
— 24 -l — P& § G P . F— F 9 8- T P H e P B o P . B 4§
21 7 9 a 7 [ 4 3 3 k| & 7 a 7 5 7 7 S 5 7 & 7 8 8 & 3
22 7 4 7 a4 P P e P e - 9 9@ 47 R & J & .4 B} M4
23 9 a ? 8 9 9 ? 7 8 1 7 7 ? ? 7 8 ? 5 s 5 13 14 13 i2 11
8 8 &8 B g [ A K - & - & - T e o F e B e B e P -+ i R - R - HY N
25 & & 7 b & 5 5 4 3 2 i 5 5 & ? 8 8 9 & 4 10 12 13 13 10
—24 2 3 4 4 4 G oD e B @ B B0 352 4 T8 BET—BUG — 692 AHFBR - P R B R W9
27 =37 =24 4 49 53 15 =346 -13 13 ia 2 =11 =16 =19 =2n ~l% ~-i8 =15 ~)2 -5 9 io 1y 10 7
— =t} =B — a )} R} P F ==Y} & & =4 H 8 K}
29 =15 =20 =19 =1% -2 18 19 3 =12 eibd =16 =13 o 14 4 =]3 =20 ~18 =1% -8 1o a 1& 27 31
—3— —O— =2 =l OB =10 =P ] -cm2- cmF wl M — a3/ e a}2 9 & 224648 - -tb LV -2
1 4 =3 =130 =14 =194 e o & -1 =li =% -9 2 & “f w19 =12 -3 5 a 21 13 -l 2% =35
32 - eB b} =B eb o ak P ) mby e - 4 — —=3 1 b=} m) =2 b =)2 w2} w]lb——wlD =2
e HESRONSE N0e—2  QECAONSE HD, 3 . RESPBNSE NGw— 4 AESRONSE NGy RESRONGE-MOe— b
1 24 21 17 15 13 12 10 4 n z 2 2 a 4 2 15 15 14 12 11 Q 0 2 7 1%
— 2 1% 8222 b % 3P B} - md =G = i 2 9 . 8 30 4} P2 ISP Y SR SR
3 10 9 14 10 13 3 & ? 1 9 2 0 -2 -4 -3 1a 8 [ T 11 2 1 S 1t 11
S ESE T -SSR I SIS SR ES— T  W— W TR R Y- B - 1 3 40—k B} -— 8 v B e - F .- =2 -
° 5 19 19 B ? -1 L] 11 15 14 2 -1 -3 -] 2 Lo 11 13 14 15 -2 1 3 3 5 :
SRR NESURSUN S SO X SpUSI B WIS X -SSR i SO S < BU— B VOOV SR BRI SUCHINY O Y. S SR § SN - SRS U  NUSUUU I IS ¥ MRS N ¥ WA Sy S S
i 7 13 13 12 12 1z 4 2 ¥ 7 a 4 3 -1 -2 -3 12 13 11 9 11 2 3 Z -2 =2
& — B B 5. b =] O § -2 -2 . w3 w3 &} kI -5 3.....9 g . .0 — 3 1 o
% L 12 1a 17 14 11 i4 13 [ a 3 & 5 1 -2 16 17 13 11 11 13 L} -1 -2 -3
B & T X B e e B N - L s I T - e N T e e L T T TSRS o TRRppu I NS [ PRSP R R Y R S . & RS | B
11 17 I 12 14 4 -a -8 2 17 0 -3 -1 3 & 14 13 11 10 1a ? 3 4 5 9
NN B SONISH §-WIEEES V- SASR I CPIIOEE I S 1 SN 1 JUR 5 S R Ui NS SRS S O UR— - R — | - 1 ...58 b B — O O
l 13 i 12 13 k3 12 s 17 18 13 7 -1 2 4 4 4 ] 13 15 14 13 13 iy 10 7 7
I e L e B e B e 79 4 1 s 5 - 4 4w 4. 17 - L 11 10 ! a 7 -4 b
. 1% 12 1} ¥ 1 11 0 1 2 t i -l 0 0 0 o 11 12 12 It 10 2 2 7 11 10
g TR 32 B —4E 1k 3 b - — B -—}0 -} 2 }y 8- -1 B — 9 7 5 - 9§ 1 3 - & 1_.3
T
9[ S,
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I

RESPONSE NO,

2 RESPONSE NO. 3
17 i 15 13 s . _1& 14 13 _1a -3 [ T
18 15 127 12 17 18 -1 -1 2 ) 13
— 1% & 3332 —l) - Y 18 .32 - 6. =1 w4
20 12 12 tu 8 2 a & 9 10 10
DU} DOVEIEE. EENSN S | NS - SR |- S | -1 o- . -
22 13 10 g 9 9 5 7 7 s 5
— 23 —d2 2 2 32 -+ 5 & B .9 & .
24 it 19 9 9 8 2 3 5 [ 5
TN NV ORI R §- S A N 1% 19
28 14 i ) 8 7 ] 4 -1 1 4
¥ - A — - 4B— 1B B - § & -8 9
25 t2 13 12 12 11 4 1 2 b &
NS 3. NSNS NN T WS - B A A T L) [y, P [P
g 5 T ™ 3 -4 15 1a 15 1 10
SR ¥ RPN T S T B Y. IO ¥ VRN Y s SO -, NSRS SR TN
14 17 17 15 13

32 =33 =29 "=30 =39

RESPONSE NO.

RESPONSE NO. B

7

RESPONSE NO, 4 RESPONSE WO, S RESPONSE NQ. & ’
S D 4 2. i 3 & 15 15 .46 .9 ... 7 2 0- 5
7 ? -] 7 -1 1?7 18 18 14 ta L% 19 L& la 9
.2 -] al P S S, B @ 18 ) . 13 md . mQ. w7 4. -
5 S 3 1 n] 8] 11 11 11 11 19 1 3 -3 -7
-4 B 1] 3. =2 @ 32 - -4 - 10 QY ed B T oD
-1 3 4 7 4 15 17 17 16 14 -1 q 9 1] 8
B (R SR e 3+ 8 10 L& O PR 3 =i U TRCTEY ; W ;
1 D 2 L] 5 12 10 [ 13 13 -] 1 s & [
& & & - B 5. B R AT ¥ - T Y S ¥ RN SHER =3 R Q-.- =3 -
- -5 =1 1 7 18 & 8 12 14 =1 q ] 3 0
11 18 } o=t =22 B -7 BB - e o - ——-——0- - -
3 a 9 L] -1 11 11 12 13 11 -5 -3 2 & L]
cempm -G 42— ———— b A e —a} &
& 1 -] 1 5 14 13 9 -] S ? 7 7 10 11
R T B N B = R e . e e o
ao 3 29 29 32 i7 20 21 z2 . 21 L] 5 3 4 8
RESPONSE ND. 9 RESPONSE NO. 10 RESPONSE NO. 11

A 37175 482 204 218 X7 2GR P o M- | }& 2} — 30326 23 24 G 4 A4 . 4. H4

2 11 a 7 10 15 274 277 212 268 27D 25 2% 29 25 19 28 a1 33 31 28 4 3 4 4 5
——3 e 1B B B Z B 2P IOG— 292 —-272- - 45 45 — D— —Bb —-28- —P28 - 24— 2527 29 .. Mo N KW
% 5 1o 18 21 23 Z4%  23) 222 213 240 26 22 17 15 lé 28 27 25 24 24 3 4 4 4 9
——5 e ——b— 4183 e AE }2T- 1O - - 20 — 24 - 28 . — 2% a3 AR 37 28 28 27 & B s 4 ]
[ 12 1% 14 I 13 a8 b4 87 31 20 26 28 2% 2s 24 27 26 26 25 25 4 4 5 L 5
33 33 16 3% 36 kg 3w 20 3B 2N 23 22— 22T JF 26— 4 K &% &
a 13 13 15 17 1% ag] =92 =128 -lhs =198 21 20 20 2t 24 23 F3 20 23 246 5 5 5 5 4
S BB Bl w2 T 226 —2 M) w236 —246 -8B 3) 32— .28 . 2} — —Pbh 2D —2T—2R— 2 - —H—— M — B B
10 20 21 14 4 =1 =263 -285 =304 =315 =313 18 ie 24 L 1] 3 o 30 27 22 17 L] 5 5 5 5
b e — P F e s T 3PS =R R IR =¥ B =322 - 28— 22— 28 23 2P 20— M 36 2R 4 b B . —
¥ -2 -3 7 19 2Z =314 =295 =271 =257 =249 29 27 21 18 20 21 18 20 29 33 q 5 4 [ 5
— 3 =} ab O a3 aiideiT P mpb e} T 26 ——30- 3] 24 24 32 25 18— é 18 4 5 & § f
14 7 12 14 13 13 ~10s =103 =100 =%0 =77 22 20 20 20 19 21 24 24 24 25 4 5 4 L] 4
— 2} 2 B f Rt mbg a5 f =Hi =32 ap] —- 49— B — 20 — 23— P53 24— B 29 3T . el M M I
16 a ¥ 7 7 a -9 5 23 4r 74 25 24 24 25 26 25 23 24 25 246 “ 4 3 3 4
—dr—8 — 3P T F LA &y TR -1 PO 204 - 27 - 26—} T — P — 26— F&——2F — 2B H - 4 % 5 6§ —
18 13 18 22 19 12 219 238 282 283 270 16 i7 21 23 25 28 27 26 24 FL] 4 b S 5 5
-t 2 4 | 2D 2265 276 287 299 SR 23 4% 47 3@ 235 2537 2726 - 4 s # k|
20 23 20 13 7 4 ipg 29a 270 250 235 20 25 27 27 24 26 26 24 27 24 4 5 4 q -1
29} — 24— 232226 24T AR5 —fbB B 3 — 32— 26 o R T e T T2l B AR -4
22 21 17 139 14 I5 137 18 105 T4 76 23 23 22 22 2t 24 23 24 28 26 S 5 4 3 s
23 A5 M3 12 3 8P HB 24— 33— 6 2} B 22 e 2B R RN 33 23— 3§ W F R
24 14 14 14 13 1 =4 =]7 =35 =54 =853 1? 19 19 20 19 24 24 23 23 23 4 § 3 4 9
— 1 2 & S B mlldm 43 Bl w2 =234 . 3R 17 34 44 1823 ... .24 23 20 17 . . & N 3 3 2 .
26 11 18 22 18 {1 =240 =237 =237 =249 =271 24 27 2é 21 14 16 18 23 25 25 3 4 4 4 3
- 21 2 »} 3 Ho 37 =799 «320 =323 =312 =301- 1 - -lB.. 23— 28 .28 - 25.. 22 }9. 1B 1% .2 N VNN U R S —
28 14 8 1 1 ? =300 =311 =325 =32% =30b 24 18 15 18 23 20 27 k1] 59 8a 4 4 % a |
29 13 12 2 27 mfd =273 a24G w228 w22} a2} 27 26—} b G =} 312 429 1IN BT 127 4. 4 ... 4 L R —
v - i I 15 13 =205 =175 =119 =107 =92 -29 IS 19 52 &0 17z 95 s7 8 =34 4 a 5 4 4
3 H il 4 20 26 -g ali =l =Y =79 ity o kR B Bl m BB mBD eldd wl]TF =} F F "] | | L}
iz 29 33 s 3s 37 =61 =43 =24 =11 & 23 29 a7 1 78 »33 =54 a7b =31 =43 q 4 § 4 s
B B e & ol = s H - N - B R & e £ IR £ 16 - 15 A3 L e e BB e e el o e - e -
a 5 7 & 6 ? 7 7 & 209 -3 -8 -5 =5 - -3
- 15 -] 9 b3} d M. 32 wl9- - 22 2B - e - —_— S S e
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PR TED L L

Fohstbarg j

v

i

1 -l -4 - -5 -2 -2 -5 -7 -5 -4 -2 “l -1 =5 -9 =10 -y { 1 -3 -5 -3 -8 «=]3 =jO
U I % S, =3 2 . A .2 -4 =-7. -5 1 1.- =31 =10 =11 -f 3 ... 3 cm3_alD .=} .mb. =12 =29 _afp0._ w35 _
3 -7 1 2 -1 =5 -7 -7 -4 -3 - -7 =9 =7 -3 -2 -4 -4 -4 -7 -b =21 =14 =23 =35 =3% )
. =4 =S w4 wh  mbh . ebh mli . eh. mb _ed._.w5 ef . ey . o mp—mh . mhp .= =B m@ w7  _=2] =]lS . =223 =l =48
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IMPULSE AREA IN LB=SEC= - ]1+644985
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