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ABSTRACT

This Report presents the considerations for, description of, results
from, and summary of the computer program written by the Environ-
mental Laboratory personnel at JPL.

The computer program calculates vibration-acceleration densities
(g°/cps) at particular frequencies along power-spectral density (PSD)
plots, and root-mean-square (rms) acceleration (g,..) across the
PSD-frequency spectra of random-noise test specifications. The
most significant advantage of this computer program is its complete
generality. It can be used to calculate g*/cps and g,... over any PSD
specification without modification; only the data cards have to be
changed. The output data from the computer program are used to
verify the specification test levels and provide the theoretical PSD
to obtain a spectra ratio for purposes of analysis on completion of
the vibration test. The results of the vibration test can then be
displayed on a graph that illustrates in db the deviation from the
specified g°/cps at any frequency within the test-frequency spectrum.

I. INTRODUCTION

JPL TECHNICAL REPORT NO. 32-993

The excitation forces produced during a random-noise
vibration test are not at discrete frequencies, but exist
over a continuous band. For this reason, it is convenient
and meaningful to think in terms of power concepts, such
as rms and the concept of acceleration density, when
discussing accelerations produced from random-noise ex-

citation. In mathematical terms, the acceleration density
is defined as

— lm Eima 1
&7 s BW W
where
go = acceleration density

BW = bandwidth of the frequency spectrum in cps
grms = the rms value of the random acceleration

From this relationship, acceleration density is derived in
units of g*/cps.

As the bandwidth approaches zero cps, the accelera-
tion density given by Eq. (1) approaches that of a single-
frequency component. A plot of the acceleration density
of each frequency component gives a locus of g?/cps vs
frequency over the bandwidth under investigation. This
is the PSD curve. A summation of acceleration densities
over the frequency spectrum of interest yields the mean-
square value of acceleration (g2 ). In mathematical
terms,

gm=ﬁbﬁ (@)

where

f. = the lower-frequency limit of the
frequency spectrum

f. = the upper-frequency limit of the
frequency spectrum

g, = the acceleration density in units of g°/cps
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Il. NEED FOR A COMPUTER PROGRAM TO CALCULATE THEORETICAL g’/cps

When the Environmental Laboratory receives a
random-noise test specification, it is sometimes illustrated
in the form of a PSD sketch on log-log coordinates as in
Fig. 1. An engineer will verify the overall acceleration
level (g.m:) using the equations listed in Appendix A.
This can be done on a slide rule. The test is performed

&
S
g £
~ S
o> o 1.3 Grms
2 &
]
1 1 |
10 20 1 ke 2ke

LOG FREQUENCY

Fig. 1. Random-noise-vibration test specification
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and acceleration levels are recorded on tape. The taped
data are analyzed and PSD plots are made for the test
requester. There may be a large number of plots, de-
pending on the type of test, the test specimen, and the
number of accelerometers recorded during the vibration
test.

It was suggested that perhaps the recorded data could
be displayed in such a manner that the test requester
might better understand the results of testing his pack-
age. One method to simplify the interpretation of the test
results would be to ratio the resulting PSD with the
theoretical PSD over the entire frequency spectrum of
the test specification. This is not a new concept, but no
convenient method existed to obtain a large number of
theoretical acceleration densities. Several hours or days
of slide-rule calculations could be performed for compli-
cated PSD specifications. Plotting the true PSD on

EXISTING RANDOM-NOISE
COMPUTER PROGR&MS

— T 7T Tavte T ACOUSTICAL |
u
PSO TCORRELAT!ON]—AVERAGET DATA

DIGITAL DATA
FROM VIBRATION COMPUTER TAPE
TEST
PROPOSED IDEAL
RANDOM - NOISE SELECTED PROGRAM
PSD COMPUTER
PROGRAM
1BM GRAPHICAL
7090 > OUTPUT
COMPUTER PSD PLOTS
|
PUNCHED
OUTPUT
9%/cps
L
EXISTING GRAPHICAL
IBM PUNCHED IBM
7090 e  OUTPUT o GAME (RATIO) | 7090 e OUTPUT
COMPUTER 02/cps COMPUTER commoter SPECTRAL RATIOS
PROGRAM PLOTS
TABULAR
OUTPUT
IDEAL PSD

Fig. 2. Block diagram of random-noise-vibration data-analysis procedure




expanded log-log graph paper and reading g*/cps from
the graph paper is another means of obtaining the theoret-
ical acceleration densities. An engineer with some digital-
computer programming experience will realize that a
modern digital computer can compute g*/cps at 10-cycle
intervals, or even quarter-cycle intervals if desired in 20

*Random-noise-vibration tests are analyzed by digital techniques
rather than by analog techniques at JPL.
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to 30 sec (a minimal cost). These acceleration densities
can then be ratioed against the resulting vibration-test
acceleration densities at the same frequencies to obtain
a meaningful spectra ratio (test g*/cps over ideal g*/cps).
A computer program already existed to analyze the data
from the analog tapes.* Figure 2 illustrates, in block
diagram form, the existing procedure for vibration data
analysis, with the proposed procedure to simplify the
understanding of random-noise vibration test results.

ill. IMPORTANT CONSIDERATIONS

The most important consideration in writing this com-
puter program was to make the program very general and
easy to use, The program had to give accurate results
for any random-noise test specification without requiring
modification in any way, other than changing the data
cards. The numbers to be put on the data cards had to
be easy to understand and with very few calculations
necessary.

Another consideration was the program output (calcu-
lations from the program). This output had to be in an
easy-to-read form, and self-explanatory.

The last consideration, perhaps the hardest to imple-
ment, was to develop a computer program that could be
used by people not familiar with either programming or
computers, in a language common to digital computers.

IV. GENERAL DESCRIPTION

The program was written in Fortran IV, since this is
the highest-order computer language for engineers and
scientists. Most modern digital computers have Fortran
IV compilers. The output data presented in this Report
were obtained from an IBM 7090 computer.

The program was written in three segments. The first
segment, labeled SIBFTC MAIN, reads the data cards
into the computer and prints out the results of the cal-
culations. The calculations for acceleration density are
performed in the second segment, labeled SIBFTC
SUBPSD. This segment is a subprogram called SUB-
ROUTINE PWR. Two equations are available for solu-
tion:

pSD QD . Fl 0-3322DB L2 3
P 1_[& U-(ﬁ ] )

0.5522 DR [
PSDU = [PSDP (FTLII) ] (4)

where

PSD1 = the acceleration density at the lower
frequency F1

PSDU = the acceleration density at the upper
frequency FU

DB = the slope of the PSD curve (as defined
on log-log coordinates) usually expressed
in db/octave

The third segment, labeled $IBFTC RMS, calculates the
area under each slope (g2 ), then sums each area and

rme
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takes the square root of the sum to obtain the total accel-
eration G,,,; TOTAL. This is performed in a subprogram
called SUBROUTINE GRMS. The equations solved in

the third segment are for negative PSD slopes:
PSD1X F1 [1 1 :l

G50 =3 ~ (FU/FIy 5)

where

GSQ = g2,... i.e., the mean-square value of the
random acceleration as represented by the
area under the negative slope

S = (| DB |/3) — 1, therefore, | DB | 7= 3

PSD1 = the acceleration density at the first frequency
F1beginning the slope (break-frequency value)

FU = the upper (or last) frequency of the negative
slope

| DB | = absolute value of the slope in db per octave.
This is always a positive number even though
the slope is negative

For zero slope:
GSQ = PSD1(FU — F1) (6)
where

GSQ = gz, . — the mean-square value of the random
acceleration as represented by the area under
the zero slope section of the PSD curve

PSD1 = the acceleration density at the first frequency
Flbeginning at the zero slope section of the
PSD curve

FU = the last frequency where zero slope occurs
For positive slopes:

where

GSQ = g2, — the mean-square value of the random
acceleration as represented by the area under
the positive slope of the PSD curve

T = (DB/3) + 1

PSDU = the acceleration density at the upper frequency
FU ending the positive slope

F1= the beginning frequency of the positive slope

DB = slope in db per octave. This is a positive
number

Equations (5), (6), and (7) are particular solutions to
Eq. (2). To determine the total rms acceleration as repre-
sented by the area under the PSD curve, it is necessary
to sum the squared values of acceleration under each
slope and take the square root of the sum:

(8)
where
GSQ(n) = g2 _ as represented by the
area under the n'" slope

Note that if a negative 3 db/octave slope is used in
Eq. (5), GSQ (i-e., g2,.) goes to zero. This will not affect
the calculations performed in segment 2 of the computer
program (acceleration-density calculations). Should the
number 3 be used for the variable DB in the equation
involving S, Eq. (5), the program is arranged to write a
message on the output sheet to inform the user that a
negative 3-db slope will not compute; the computer will
set that particular area (g2, ) equal to zero so the total
G, ms value will not be accurate. Again, this will not affect
the values of g2/cps. Negative 3-db slopes are practically
nonexistent in vibration testing.

V. THE VARIABLES

To use the program, it is only necessary to understand
what the variables are and how to represent them by
numbers on an IBM card or code form sheet. There is
one data card (IBM card) for each slope of the PSD

specification, including zero slopes. For example, Fig. 1
would have three data cards. Table 1 describes the
variables. Some of the variables are defined in computer
language as INTEGERS which must not have




JPL TECHNICAL REPORT NO. 32-993

0°0007
008zl

(0]

00

200

007

000e

8zl

008zt

0’08

ool

190

£00

¥0'0

008

[1]14

oot

¥0'0

¥0'0

{sedojs o

404 sdd Q|

LTl

000t

= vi13al

000¢

00t

00t

oot

ove

¥0'0

000¢€

0'00s2
00001

ool

oy —

104

0sT

001

0'0001

00t

ool

{sadojs |jo

00z
00l

oot

ore

sd> 01 = vi130)

66

000€

000¢€

[4

$pIn3 BIOQ

spInd BI0Q

‘a|qDIIDA Jpas D s) siy] ‘adojs ay; jo A>uenbauj yosuq 1addn
*a]qDIIDA (D34 D §1 s1y) ‘(sdd) adojs 9y} jo Asuanbaiy yD3Iq JamO]

‘Buijuawaidyy JualaIp BADY UDd aAind 0S4 oY Buojo sados juaisypg {sdd
uy) adojs ayj 49a0 Buyuswalsdur Asuanbaiy ayj Buyjuasaidas IqoIIDA (D9 D St SIY)
‘00 ut
poai ‘sadojs 049z Jo4 ‘ubis snujw D UDJUOd Jsnw adofs aAypbau o ynq ‘ubis
o pasu jou op 52do|s 0JIZ PUD BANIsSCd 'subis aalasqO ‘2ADp0/qp Ul adojs ayy
sjuasasdos pup (jurod [DWIdAP D UIDJUOY SN I10J343Y| PUD) 3|GRLIDA D3I B S| 1YY

‘0’0 ui poas ‘(ados aaypbau yso)

By 104 aspd ayy Aj{onsn si ydarym) umouy jou i sda/ B 4| ‘jowdIp D Aoy snw
Puo 3|qoLIDA [Das D si siyy adojs Y} Jo N4 Aduanbaly ypaiq saddn ayy 4o sd>/ B

jutod |pwiap D BADY {SAW |QSd ‘O°0 u!

poas ‘(adojs eanisod ysiiy Sy Joj aspd By} A||DNSN §1 YIYM) uMOUy jou st sdo /.6

4| ‘9jGPUDA (0aJ D s sty "odojs 8y} jo | Aduanbasy yoouq JImo} ayj o sda>/ B

¥y1130
VHTINY T =N

iy o= | usym 8’| ‘Ajuo pIDd BIDP §3D|
3y} 104 343 ‘PUOIIS ‘PIDI DIOP Si1 °3°} 'PIDI BIOP Y} jO JAquNU BY} — | I3YMm

) 'vi13q
N+ =N

‘14 ‘N4 ‘Y113Q@ ¥2|qRLIDA 2yi uodn spuadap pup laquinu xepul
uo sy §) faquinu seBejul uo s1 SIyl "YMd INILNOYLANS 404 uoypwiojul jdiiasqng

'sisAjpuo uoyoiqIA Aup 4oy 8jonbapo aq
pINOyYs Q00E = W "Adpssadau $) joym uoyi JoBip| apow aq p(Noys w Payp(N3(D2
sy sda/ B asaum sjuiod Aduanbayy 24aidsip jo Jaquinu joioy 3y) sjuasaidas pun
sequinu Jabajuy up I W ¥Md INILNOYGNS 10§ uolOWIOUL SUOIsUIWIP B|qDIsnlpy

‘V113Q PUS N jo suoiiuyep
By} O} 49j3Y ‘242 ‘PO DIDP PUOIBS ‘PIDd DIDP Sdl) "9°) ‘pIOd DIDP 3y jo Jaq
SWAU B — | AIBYM | - IN = 1+1] ‘43)j0aiaYy} puo piod pIOPp 54l By 40) | —

'‘asd Aup Joj ‘N Pup V[13@ $3|q010A 8y uodn spuadep pub Jaquinu x3pul
uo si 4| ‘saquau seBajus up $1 siyl "YMd INILNOYENS Joj uolpwioul d1IdsSgNg

'y O | wouy $206 [} 'PIDI DOP Y03 Joy Jequinu dauanbas o so jo jybaoy; aq
up3 pup saquinu JaBajuy uo 51 SIYL "SWHO INILNOYENS 40} uolpw.iojut jddsqng

*9AIN3 QSd |DIO}
ayy dn aypw oy (sadojs 0iaz Buipnput) sado|s jo sequinu ayj o} jpnba saquinu
saBaju; UD S| SIYL 'SW¥O INILNO¥ENS 40} uonowiojul uoisuswip 3|qoisnlpy

nd

v1i13a

9a

nasd

1asd

P 0inBiy

€ ainBiy

uoyuyeq

9|qPUDA

¥ pup g *Big Bupuaiaal ‘'sa|RUDA PID) DIPP JO suoyIulyag | 3qPL




“ur10§ SI Wody SuBwWalels 20mos buryound 10§ A[qe(IEAE S ‘/G[888 ONDA[@ WHI ‘WIOf PIED PIEPURIS ¥

JPL TECHNICAL REPORT NO. 32-993

T T LI T 7 T T T MR | T L T T T T N
T T T T T T T T T T i T T T
T T T T ML T N | N T A T T N T LI I T
T 7 T T T T T T T T T T T T
T T T T ¥ T T T ¥ ¥ T T _
T MR | T T 1 T T T T T T T T T
T 1 T T T T T LI T 7 1 T T T T
T T 1 T T T T T T T I T T T
T T T T T T T T T T T T T T
U0 007 VO "0 FZT 00Tl T 0 0O 770 70 ! L0770 T00cZ " 000¢ 820 ' ¥ 2NN
0081 T0 08 0'"0T T 19 0 70 0 7 ¥ 070 T rzZ1rvoo0¢ 8 T g~ A
0108 T 00 0T~ o0Tr T 0 o %0 0"  v0°0 L T oo00¢ ¢ vV 2
0oz T T ToTTor ToTtor TTTo Y T TR oo ot T T T T T T Toooe T T T T k2
T T [N IS L B | T T T T T T T T T T T T T T T vivas
T 77T T T T 771 N 77 T 7 T T T M T T
el o SR B e e —— GG 885¢ - SN 18t S
— — . —— — —— — ——— — .
07006<¢ 0 0001 000 T 0 ¥%7- 070 ! T°0 T 0scrooo0¢g oo0r ¢ €
0 'foo 0T To" 072 o™ o1 T o0 "o T =0 1°70 T66 Too00¢ ¢ Tz 3
0 10°¢ 0 -0 00T T 0 " PTe T 0 T 010 T T000¢€ 1 T €
T T T T T T T T T 1 T T T T vIivas
174 0z s9re [ 95 s§ (¢ 1 4 ISy oy SE .Nn 0¢ STYT oz &l siri oL é Zlols ¥ 1
INIWILVIS NVYILIOA M_uwﬂnwﬁht
IN3IWWOD 304 O
hﬁ.l..l.l..l_l.linlx ydund aj0Q sawwnibouy
uoHOIHUID) " # W04 pi0D o1ydoug wo160.g
0 abog suoponaysul buaung 1 I79dV.L WOYd VIV

WIOd4 ONIGOD NVILIOL

¥ pup g 614 jo suoypiIydads §s3} UOUPIGIA 3y} 104 §33Ys WI0§-3p0T) T 3|qP]




JPL TECHNICAL REPORT NO. 32-993

decimal points. The rest of the variables are defined as
REAL and must have decimal points. Figures 3 and 4
will serve as examples. These Figures represent actual
test requirements for a random-noise vibration test per-
formed by the Environmental Laboratory at JPL. Both
specifications were analyzed at 10-cycle increments start-
ing at 10 cps. Every variable listed must appear as a
number (integer or real) on each data card in the order
listed in Table 1. Except for the variables L and N, the
numbers associated with the variables can be written
directly from the specification sheets (Fig. 3 and 4).

Once the variables have been converted to numbers
for a particular PSD analysis, it is necessary to punch
them in the correct columns of the data cards. Usually
the numbers are printed on a code-form sheet first, such
as illustrated in Table 2. This form is given to a keypunch
operator for punching. It is important that the numbers
appear in the correct fields or columns of the code-form
sheet. The first three rows of numbers (Table 2) represent
the data cards for the PSD specification of Fig. 3; the
second set of numbers is the data for the specifications of
Fig. 4. In between the sets of data, columns representing
the variables associated with the numbers are blocked
off for reference purposes only. The numbers must start
on the right hand side of each field. For example, the
number representing K must start in column 4; K1 must
start in column 9, etc. Note that the variables, X, K1, L,
M, and N do not have decimals. In the computer pro-
gram, these variables are defined as INTEGER type.
Variables PSDI, PSDU, DB, DELTA, Fl, and FU must
have decimals because they have been defined as REAL
type variables in the sense of computer language. Notice
that the variable K is in a field of four columns, but the

VI. THE

Each of the three segments of the computer program
is presented in Appendix B. This Report will not involve
itself with the language of FORTRAN, and therefore, no
attempt will be made to explain the FORTRAN state-
ments. An attempt to understand someone else’s com-
puter program is an unpleasant task, even for the
experienced programmer. To successfully use the pro-
gram, it is only necessary to understand the variables
listed in Table 1 and where to put the numbers asso-

a
o
¥
o
3 Grms = 9-9
-t
|
LOG FREQUENCY
Fig. 3. Actual PSD test specifications
used for analysis 1
0OT| - - - - oo o meme e o @) db/octave-
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LOG FREQUENCY

Fig. 4. Actual PSD test specifications
used for analysis 2

variables K1, L., M, and N are in a field of five columns
each. The other variables (the REAL’s) are each con-
tained within a field of eight columns.

PROGRAM

ciated with these variables on the code-form sheet. How-
ever, a word must be said about one set of statements
in the MAIN part of the program ($IBFCT MAIN, Ap-
pendix B-1). Statements 91 and 92 (these are the sequence
numbers at the extreme right) have to do with how much
data will be printed on each page of the output. The
data will appear single spaced, 50 lines to a page. Table 3
is a portion of the output from the specifications of
Fig. 4. If the users computer installation off-line printer
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Table 3. Computer output as calculated from the second segment of the computer program, referencing
Fig. 4 test specifications

FREQUENCY POWER SPECTRAL DENSITY
510.0 5.809E-02
520.0 ) 5.832E~-02
530.0 5.855E-02
540,0 5.8T7E-02
550.0 5.899€-02
560.0 5.920E-02 _ _
570.0 5.942E-02
580.0 5.963E-02
590.0 5.983E-02

_ 660,0 , B} o 6.121€-02
670.0 6.139E-02
680.0 _ _6158E-02
700.0 L o 6.194E-02
710.0 6.212E-02
720.0 _ o L 6.230E-02
740.0 64+264E-02
760.0 L o R , 6.298E-02
780.0 , . 6.331E-02
790.0 6.348E-02
800¢0 6.364E-02
810.0 6.380E-02
820.0 B 6396E-02
840.0 - 6.427E-02
860.0 6.458E-02
870.0 6.473E-02
880.0 . o ... . _ . 6.488E-02
900.0 L e . _6e518E-02
910.0 6.532€E-02
920.0 6.547E-02
940.0 R . _ .. __ 6e575E-02
960.0 . o 6.604E-02
970.0 6.617E-02
980.0 6.631E-02
990.0 6.645E-02

~_1000.0 _ 6.658E-02




will not print 50 single-spaced lines on a page, the num-
ber 50 must be reduced to whatever number of lines can
be printed (single spaced), and the number 49 must be
reduced to one less number than the number chosen in
statement 91.

The MAIN part of the program is basic. That is, it will
give the user the desired data in tabular form (Tables 3
and 4). It will print out what is read into the computer

JPL. TECHNICAL REPORT NO. 32-993

from the data cards (Table 5) so the user can check for
human errors. The requirements of vibration laboratories
vary. One might want the data punched on cards and
plotted as well as listed in tabular form. In this case, the
appropriate statements must be added to the MAIN
program. In the case of the Environmental Laboratory,
all PSD analyses are performed by digital techniques
rather than by analog techniques, so cards are punched
in the MAIN program and later used with another com-
puter program to obtain spectra ratios.

Table 4. Computer output as calculated from the third
segment of the computer program, referencing
Fig. 4 test specifications (areas are g2_);

GRMS = total broadband acceleration

G SQUARED RMS

A-EE-A? 1) j B 8.87 15 2'{705—02
AREAL 20 = 2.40000000€ 00
'Aaé; (;3 ) = 7 .;81— 155 id;s" 01
AREA( 41 = 5.04000000€ 01

TOTAL RMS ACCELERATION _

GRMS

1.11669270E 01
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VII. RESULTS

Figures 5 and 6 display the computer output for the
test specifications of Fig. 3 and 4, respectively. The plot-
ting routine to obtain Fig. 5 and 6 was inserted in the
MAIN segment to verify the computer program.

The main concepts of this Report are illustrated in
Fig. 7 and 8. These Figures represent the results of two
separate vibration tests using the specifications of Fig. 5.
The first test was controlled by a single accelerometer
although acceleration data from three other accelerom-

eters were recorded. An automatic equalizer was used to
equalize the vibration systems. The second test, using
the same test specimen, accelerometers, etc., was per-
formed immediately after the first test, but used all four
accelerometers for control. Again, an automatic equalizer
was utilized along with a special accelerometer scanning
device designed by the author. By merely looking at
Fig. 7 and 8, certain important conclusions can be reached
without having to analyze separate power-spectral-density
plots.

Y
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ACCELERATION DENSITY, DB/GSQ/cps

SPECTRAL DENSITY, O db=la?/cps
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2 Py
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Fig. 5. Computer output for the test
specifications of Fig. 3
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Fig. 6. Computer output for the test
specifications of Fig. 4
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Fig. 7. Single-pt. spectra-ratio control; Ch-1, control Fig. 8. Multiple-pt. spectra-ratio control (scan technique);

accelerometer; 0 db, theoretical test spec., Fig. 4 0 db, theoretical test spec., Fig. 4
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Viill. CONCLUSION

A computer program has been presented with the idea
that, perhaps, random-noise vibration test results can be
simplified and made more meaningful for the test re-
quester. The program can also be used to verify PSD
test specifications, and setup automatic equalization
equipment. An exact acceleration level for the shaped
random noise can be calculated prior to the test.

Spectra ratios appear to simplify the interpretation of
the test results; however, to synthesize a meaningful
spectra ratio, it is necessary to have the exact accelera-
tion densities of the ideal PSD spectrum for the vibration

test at small frequency increments across the PSD spec-
trum. Spectra ratios are obtained when the ideal g*/cps
is ratioed against the vibration test g?/cps. The results
can be expressed in decibels as: 10 log,, X ratio.

Some vibration laboratories may not have elaborate
computer programs to analyze random-noise vibration
test data. The analyses can be performed using analog
techniques. To obtain the spectra ratios, the results of
the completed analog analysis can be ratioed against
results obtained from the digital-computer program pre-
sented in this Report.

APPENDIX A

Equations

The following equations can be used to analyze
power-spectral density curves. The use of these equa-
tions is valid for log-log plots and not for semi-
logarithmic plots.

1. Positive Slopes

value of PSD level at 2f
value of PSD level at {
(A1)

Rolloff in db/octave = 10 log

where PSD level is in units of g*/cps and f is a frequency
in cps somewhere in the interval over which the posi-
tive slope occurs. The frequency, 2f, may or may not
occur over the slope interval If 2f is outside the slope
interval, the slope is extended to 2f so a PSD-level
reading can be taken.

Acceleration density is expressed as:
Gof: L \M
girms = [ kf_ 1- (;—) ] (A-2)

G, = PSD level at f, in g*/cps

f: = low-frequency limit of the slope in cps

f- = high-frequency limit of the slope in cps
k.= D/3 +1

where

D = rolloff in db/octave from Eq. (A-1)

2. No Slope
Rolloff in db/octave = 0

Acceleration density is expressed as:
¢ = Gulf. — f) (A-3)
where
G, = PSD level at f, in g*/cps
fi = low-frequency limit in cps over the interval

f. = high-frequency limit in cps over the interval

3. Negative Slopes

value of PSD level at f
value of PSD level at 2f

(A-4)

Rolloff in db/octave = 10 log

Acceleration density is expressed as:

o Gofs _ 1
T Ey
f.

(A-5)
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where
G, = PSD level at f, in g*/cps
f. = low-frequency limit in cps over the interval
f- = high-frequency limit in cps over the interval
k.= D/3 -1

where

D = rolloff in db/octave from Eq. (A-4)

14

4. Total rms Acceleration
Zms TOTAL = (g2 rms + g2 rms + g} rms

+ oo+ g2 rms)'®

on

(A-6)

where ¢ is the mean-square value of acceleration as

represented by the area under the nth slope.
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APPENDIX B

Computer Program Segments

1. The main segment of the computer program

SIRFTC MATN

C COMPUTER PROGRAM BY P. CHAPMAN, ENVIRONMENTAL AND DYNAMIC TESTING — ~ 001
C LABORATORY, JET PROPULSION LABORATORY. 0*2
DIMENSION PSD(2000)sF (300071,G5015) sPAREATG69) 005

WRITE (6+29) 6

29 FORMAT (1H1»7Xs1HK10Xe2HKI +8Xs1HL s 10X s THM» 10X s IHNsIX+4HPSDT +6X 007

1 4HPSDUs7X 9 2HDB s 6X s 5SHDEL TA s TX 9 2HF 1 98X 9 2HFUZ 7 /7)) 008

1 READ (5+30) KsK1sLsMsNsPSDIsPSDUSDBsDELTASFIFU — 010"

30 FORMAT (I454154+6F8e0) 015

C 20
WRITE (6935) KsK1sLsMsNsPSD1,PSDUsDBDELTAsF1sFU 025

35 FORMAT [1HO93Xs5(16+5X) 24 (FTe293X192(FB8e1s2X V77777 - 030

C 35

CALL PWR (LsMoNsPSDUSF1sFUDBDELTASFPSDY N L

CALL GRMS (KsK1sF1sFUsPSD1+PSDUSDB+GSQ) 045

¢ .-
IF (K1eLTeK) GO TO 1 55

SUM = 0+0 e -1 ¢

C 65

DO &4 J= 1K T R 4 »

& SUM = SUM + GSQ(J) 75

¢ . e g
L GRM = SQRT(SUM) 85
¢ e - - T e 90
DO 100 IBEG =1sNs50 91
1END=TIBEG+49 T T e :

B IF(IENDeGTeN) TEND=N 093
TI00 WRITE (6+a0VIF(TVsPSDTIT TS T=ZTBEG,TENDY 7 oo - 095

40 FORMAT (1H14+26X»9HFREQUENCY »21X»22HPOWER SPECTRAL DENSITY///(1H , 100
T6Xs0PF9 . T 2B8XGIPETOLIYY B 101

C 105
T WRTITE UE9E5) (KISGSATKITHKISTK) 7 - 110
45 FORMAT(1H1520X»13HG SQUARED RMS///(1H0s20XsSHAREA(s12,4H) = 115
TTTTTY T IPEYESBYZIVY T i ‘ SRR RS § 1 .
C 120
T U WRITE(GsS0) GRM - T T 12%
50 FORMAT(1H0+20X»22HTOTAL RMS ACCELERATION///1HO»20Xs7HGRMS = 130
TTTTTTYTTT OU{PFI6.8) T T T I 3 {
C 135
R —— e L 1a0
END 141
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$IRFTC

2. The second segment of the computer program
SuUBpPSH

SUBROUTINE PWR (L sMsNyPSDUSFIFUsDBSDELTA,FHLPSD)}
DIMENSION PSD(M)oF (M)

FTU = F1 e - . e e e e e e e

TF(DR) 1045,1

T 1 ARGI=(F{LY/FUY*¥((0,3322¥DB) oo e e

PSD(L) =PSDU*ARGI

DO 2 ISLQR - e s P
ARG2=F (I1)+DELTA

FTT+1T=ARGS S e e et 1+ s e o s

ARG3=PSD(IYR((F(I+1)/F (1) )**(0.“!3?2*08”

PSD{T+1)=ARG3 o omemrmerrmmeme e
RETURN

B0 & T[N — e e
ARG4=F (T)+DELTA

F{T+1V=ARG4 ) T
ARGS5=PSD(1)

T 6 PSDUT#IT=ARGS

RETURN

T T0ODOIT TELLN T T T

ARGE=F (T)+DELTA

———FTT31V=ARGE e

ARG?:PSD(I)*(C(H-ll/F(IH**(O 332?*DR)

11 PSPh(T+iY=ARGY ~—~—~~ e

RETURN

ERD e e e e

3. The third segment of the computer program

_SIBFTC RMs

004

12~
16

020

24

32
g
040

44"

48

56
60
64
68
72
T6
80
g
088
92
96
64

SUBROUTINE GRMS (KsK19F1sFUsPSD1sPSDUSDB,GSGY 7777003 "

DIMENSION GSQ(K)

100

1IF (DB) 100,200,300
IF(DB_ «EQe3s) GO TO 400

S=(ABRS(DR)/3.)-1,
GSQ(K1) = (PSD1 * F1)/S * (1le=(1e/((FU/F1)#%S5)))

200

RETURN o T T
GSQ(K1)= PSD1 *(FU ~ F1)

300

400

5"

1

RETURN LA S

T= (ABS(DB)/3.) + 1.

GSQ(K1)= ((PSDU #FU)/T) * (1e~((F1/FUI*¥T)) "

RETURN

G6SG(k1) =0,0 T 7

WRITE(6+10) K1

FORMAT (1HO» 36HNEGATIVE 3DB SLOPE WILL NOT COMPUTE.+3Xs
4HGSQ(1346H) =040)

~RETURN U -
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