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1.0 INTRODUCTION

The evaluation of the dynamic performance of newly-developed
hardware, such as rail vehicles, plays an important role in
the design cycle. This report describes a methodology,
referred to as modal analysis, which can be used to make a

meaningtul comparison between rail vehicles.

The modal analysis technique discussed in this report was
adapted and refined as in integral part of the Lightweight
Flatcar Evaluation (LWFC) Program conducted by the Federal
Railroad Administration (FRA) in cooperation with a number
of industry participants. The list of industry participants

includes:

American Steel Foundries

National Castings Division, Midland-
Ross Corporation

Pullman Standard
Pullman Transport Leasing
Santa Fe Railway Company

Trailer Train Company

The program was designed to evaluate the performance of two
prototype skelton flatcars, referred to as lightweight
flatcars, as compared to a conventional TTAX flatcar.

Because of radical structural differences between the light-
weight and conventional flatcars, it was necessary to develop
a methodology which would provide the means for making a
meaningful comparison between the flatcars. This was accom-

plished through the use of modal analysis.



Modal analysis is basically the transformation of a set of mea-
sured linear accelerations to a set of generalized accelerations
called modes. These generalized accelerations or modes offer a
number of advantages. First, the modes are individually easy

to visualize. For example, a set of modes may include bounce
(linear vertical displacenment), pitch (angular displacement),
and first or simple bending for a quasi-one-dimensional body.
Each of these is easy to visualize and can be qﬁite simply
related to design parameters such as spring stiffness and mass.
In contrast, three independent measurements of linear accel-
eration on the same body would not readily reveal these relations.

Perhaps the most compelling argument, however, for the use of
modal analysis is its ability to provide a clear and objective
basis for comparison. For example, in the LWEC Program the
primary load carrying structural members of the lightweight
flatcars were distributed laterally outboard while the primary
structure of the TTAX flatcar was concentrated along the car
centerline. Thus, any single measurement of acceleration would
favor one car and any set would provide at best a confusing
picture. By transforming the set of measured accelerations

to modes, it became relatively easy to make a meaningful com-

parison by modes,

One advantage of the use of modal analysis, which was not ex-
plored in the LWFC Program, is its ability to provide accurate
estimates of acceleration at points on a vehicle other than
those where measurements were made. To do this, all modes
which make significant contributions to the acceleration
environment must be identified and then used to predict the

acceleration field at these other points of interest.

Finally, modal analysis offers the potential to examine elastic
mode shapes. Knowledge of mode shape amplitude and frequency
obtained through modal analysis may provide valuable information



to fatigue life cycle analysis. Modal analysis presents in
compact form the results of realistic dynamic tests such

as service operation, for the fatigue analysis.

The details of the methodology or application of modal analysis
are covered in three steps. First, the general application

of modal analysis to an arbitrary body is presented. Here the
concept of modes as a generalized or global representation are
examined. Following the general discussion, use is made of a
quasi-one-dimensional example to illustrate the mechanics of
modal analysis. This is followed by a statement of the general
three-dimensional case with emphasis on basic considerations

and a summary of the procedure as applied to an arbitrary body.

Secondly, practical considerations in the application of modal
analysis are discussed. Two primary areas of consideration in
practical applications of modal analysis are discussed. First,
the concept of an overall system being comprised of simple sub-
systems is presented. For this purpose use is made of a

rail car. Second, an examination of the dynamic or accelera-
tion environment is made in order to define transducer

requirements.

Thirdly, the LWFC Program mentioned earlier is used as an

actual example of modal analysis. Here specific design param-
eters are given and sample test results displayed. These sample
results illustrate data formats which can be effectively used

in displaying results.

Finally, conclusions and recommendations are made based on
the experience obtained during the LWEC Program. These in-
clude aspects of the application of the modal analysis
methodology and such things as hardware design. The con-
clusions and recommendations are intended for future work

in practical application of modal analysis.






2.0 METHODOLOGY

2.1 GENERAL CONCEPTS

Modal analysis is kinematic in nature as opposed to more
deterministic types of analyses generally involving the solu-
tion of Newtonian equations of motion which are non-linear
partial differential equations. That is, modal analysis is-
simply a transformation of the description of motion from a
set of local coordinates to a set of general coordinates
which give a global description of motion. This global
description has a number of distinct advantages; however,
before discussing the advantages of modal analysis, it is

necessary to introduce the basic concept, i.e., the mode.

A mode is the description of a specific type of movement of
a body. For example, consider a body which has been con-
strained such that it translates linearly along a single
axis. In this case, a single quantity or mode is necessary
and sufficient to describe its motion entirely, although any
number of measurements can be made on the body. Going one
step fﬁrther, suppose the body is allowed to rotate in the
plane perpendicular to the axis of translation. In this
instance there are two modes, one linear and one rotational
mode, required to completely describe this motion at any
point on the body. Again, accelerations can be measured at
any point on the body, but it is easily shown that these

are simple linear combinations of the two modes. That is,

a local measurement of acceleration can be expressed as a
linear function of modes. This property is called the prin-
ciple of superposition which allows the motion of a body to

be broken down into nodes.

In general, there are three linear modes and three rotational
modes necessary to describe the motion of a body in a three-

dimensional space (see Figure 2-1). These are referred to as

21
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The rigid-body modes since it is assumed that every point with-
in the body retains its spatial relationship with respect to
every other point in the body. In other words, the body is
infinitely rigid. 1In many applications, the six rigid-body
modes are sufficient to describe the required or measured

motion,

There are, however, a significant number of practical struc-
tures which deform elastically, i.e., points within the body
move with respect to other points within the body. There are
three basic types of elastic-body motion: bending, twisting,
and extension (compression). Figure 2-2 illustrates bending
and twisting motion. For the purposes of the present discus-

sion, extension/compression will be omitted.

One final concept must be brought out before returning to
the discussion of the advantages and applications of modal
analysis. Each elastic mode is made up of a family of modes
which may be thought of as harmonics. Figure 2-3 shows the
first three modes of one of the bending mode families and
Figure 2-4 shows the same thing for one of the twist mode

families more usually referred to as torsion.

With these basic concepts, attention is turned to the output
signal of the linear accelerometer. This transducer possesses
a number of virtues which suit it to the study of vehicle
dynamics, such as its relatively low cost and simple principle

of operation.

One of the accelerometer's primary advantages is that its
measurements are made with respect to inertial space and hence
require no mechanical reference. Again, this makes the
accelerometer an ideal transducer for the study of vehicle
dynamics; however, this does cause some difficulty visualizing
the data for the purpose of analysis. Modal analysis has

proven to be a useful technique in visualizing the output

2-3
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of an array of transducers, perhaps several dozen, thereby
reducing the difficulty of analyzing the accelerometer output.
That is, a set of local measurements of linear acceleration
when transformed to modes are readily visualized and under-

stood by a wide range of the technical community.

-

The use of modes provides two additional advantages. First,
in situations where comparative evaluation is desired, modal
analysis provides an objective means for making a compafison.
For example, in the evaluation of a prototype system, suéh as
a rail vehicle, it would be reasonable to compare the pfoto—
type with a predessor or conventional vehicle which has logged -
extensive service. In this case, it would be unlikely that
any single measurement of acceleration on two structurally
different vehicles would provide sufficient information for

a meaningful comparison. Even an array of accelerometers
placed in geometrically similar locations on both vehicles
would provide a less than clear basis for comparision.
However, upon transformation of these local linear accelera-
tions to modes, the comparison becomes much clearer. For
example, the vertical acceleration mode, called bounce, may
be compared between vehicles giving some insight into the
relative effectiveness of the suspension systems. Other
analytical approaches may also be used to provide further

insight.

Finally, the use of modal analysis has the virtue of being
able to provide a reasonably accurate estimate of acceleration
at any point on the body once a finite set of measurements
have been made. This is accomplished by transforming the
linear accelerations to mode accelerations and making use

of the principle of superposition. That is, a general
expression for the acceleration at any point on the body

may be written as a linear function of the modes and position

as stated earlier. This expression can then be evaluated at



any of the infinity of points which comprise the body. This
approach has numerous applications such as identifying points

of low acceleration to provide locations to fasten lading.

Even a purely kinematic treatment of a three-dimensional body
using the six rigid-body modes and the numerous (in a sense
infinite) elastic-body modes is not a casual undertaking.
However, the reader should not despair. The important fea-
tures of the method are illustrated in what follows through

the use of a quasi-one-dimensional example.

2.2 AN TILLUSTRATIVE EXAMPLE

For the purpose of introducing the basic principles and
considerations in the application of modal analysis, a quasi-
one-dimensional body will be used as an example. The example
deals with a body or uniform beam which is characterized by
an acceleration field that varies in one direction only, i.e.,
is one-dimensional. The quantity which is permitted to vary
is an acceleration perpendicular to the primary axis, hence

the term quasi-one-dimensional.

In this example, only four modes have been selected; bounce,
pitch, and first and second vertical bending, as shown in Figure
2-5. That is, based on prior knowledge or analysis, it

has been determined or estimated that this set of modes is
sufficient to adequately model the acceleration field to be
measured. After calculating the modes, this hypothesis will

be checked. The first step, however, is the measurement of
acceleration at a number of judiciously selected points on

the body.

The next step is to write an equation to describe the response
of a particular (but unspecified) accelerometer to all of the

several varieties of modal components of acceleration which
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are of ultimate interest, in this case four. That is, we
proceed as if we knew the rigid-body translation component,
rigid-body rotation component and the two components. due to
first and second modes of bending. It is a fairly simple
matter to sum the effects of these modes at the location

of a particular accelerometer. Then, since the accelerometer
was unspecified, what is obtained is an equation (Equation 1)

that can be made to apply to every accelerometer.

E0x,t) = Eo(t) - o (t)x + B ()B ) (x)
B2 (E)B,5 (%) (1)

Equation (1) represents the measurement of a linear accelera-
tion, Z, at an arbitrary distance, x, from the center of mass
as a function of time, t. The bounce and pitch modes are
denoted ;O(t) and'$o(t), Iespectively and are also functions of
time. Note that because ¢o(t) is an angular acceleration, it
is necessary to multiply it by a distance, in this case x. The
last two terms of Equation (1) represent the contributions of
the first and second bending modes to vertical acceleration.
Each of these terms is made up of two parts. The first

factor of each term,B , represents the mode amplitude. The
first subscript indicates the axis about which the bending
occurs, in this case the y-axis which passes through the

origin perpendicular to the xz-plane. The second subscript
indicates the direction of contribution of acceleration, in
this case the z-direction. The last subscript represents

the elastic mode number within its respective family, in this
case the first and second. The second factor, B, is the
function which describes the mode shape into which the beam
distorts itself when vibrating in the various modes. The
function B is referred to as the mode-shape function and the
system of subscripts is identical to that of the mode amplitude

itself. Figure 2-5, c and d,depicts the mode-shape function, B.



The beam relaxes from the solid curve shape through a contin-
uous set of similar shapes of diminishing amplitude until it
becomes a straight line; it then continues past the straight
line position through an expanding series of similar but
 opposite shapes until it reaches the dashed line shape;

completing one-half of a cycle of modal vibration.

In Equation (1) the mode-shape functions are expressed as
arbitrary functions of x. Although there may exist some more
efficient functional expression depending on the body to
be modeled, truncated polynomials are used here. In fact, at
this point in the discussion the mode shape functions are
expressed as binomials (Equations 2 and 3) further simplifying
matters. In the event it is necessary to use higher order
polynomials, some additional calculations are necessary to
evaluate the mode shape. This will be taken up later.

2

Byzl =1 + bzx (2)

3
yz2 X + bSX (3)

B

The lower case b's are called the mode shape coefficients.
Note that the leading coefficients bO and b1 have been implicitly
set equal to unity. This provides a normalized mode shape

rather than an exact dimensional displacement function.

Equations (2) and (3) are then substituted into Equation (1)
to yield:

2(x,t) = Z(t) - ¢_(t)x

2
+ Byzl(t) + Byzl(t)bzx

B2 (8)X + B, ()b ox (4)



Collecting terms 1in like powers of Xx;

Z(x,t) = {io(t) + eyzl(t)] ¥ [Byzz(t) - $O(t)]x

b 1x2 [ (t1b. 1x3 (5)
+ [Bya1 (00, )57+ [o,, (0005 )x (5)
The bracketed quantities are defined as follows:

Ay = 2,0 + 8, (0] (6)

o] Qo) yz1l

A= (8,00 - B (0] (7)

A, = LByzl(t)bz] » (8)

Ag = Lgyzz(t)bSJ : (9)
Now Equation (5) can be rewritten more compactly:

Z(X,t) = A+ Ajx + AxZ + A (10)

’ 0 1 2 3

The left hand side of Equation (10), zZ(x,t), is a measured
acceleration, that is, the output of an accelerometer. The
quantity x on the right hand side is the known location of

that accelerometer. By using four accelerometers the four

1’ AZ’ and AS’ can be evaluated.
Figure 2-6 represents the four measurement locations on the

unknown coefficients; AO, A

beam.
Equation (10) applies to each of the accelerometers in
Figure 2-6 forming a set of four simultaneous equations in

four unknowns as follows:

o
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Figure 2-6.

Measurement Locations on the Beam



. _ 2 3

zl(t) = AO + Alx1 + Ale + A3x1

z,{t) = A_+ A.x, + A xz + A x3
2 0 172 2772 372

. . 2 ]

ZS(t) = AO + A1x3 + A2x3 + A3x3

5 () = A+ Aix, + A.X> + A xO (11)
4 0 174 274 374

which can be solved for the four unknowns; AO through A3.

In matrix notation Lquation (11) becomes

{2}y = [X]{A}, (12)
[, (0) [a,
Z,(t) Ay
in which {2} ={ | {Ay =4 b
25 (t) A,
2 3
[X] = %, X;s X5, xl}
where 1 = 1 to 4, resulting in a 4 x 4 matrix as shown in
Equation (13)
- -
1 xz 5
9 Xl} 1) Xl
2 3
1, Xos Xo, X,
[X] = (13)
1 2 3
» X35 Xz X3
1 2 3
» Xy Xy Xy
L _J




Proceeding in matrix notation, the solution of Equation (11)

may be formally indicated as follows:

X171 = x3' iz (14)
where {X]T is the transpose matrix of [X].
Let =t (15)

then Equation (12) becomes

[Qleay = [x17¢z3. f (16)
Q1 trqiar = Q1 tixy Tz (17)
[11¢ay = Q1 Yrxytrzy (18)

where [I] is the identity matrix.
(ar = 117 x1z) (19)

In any event the A coefficients are now known in terms of the
Z's and x's. The quantities of ultimate interest, however,
are the modal accelerations related to the A coefficients by
Equations (6) through (9). Inspection of Equations (6) and
(7) quickly reveals that additional relationships are required

to decouple the modes in Al and Al'

The necessary additional relationships needed to decouple the
modal accelerations are derived from equilibrium considerations.
That 1is, the net force due to the elastic accelerations depicted
in Figure 2-5 must be zero because the acceleration of the
center of mass of the body is zero and the total external force
is likewise zero. Newton's second law is used to express this.
The sum of the elemental force, dF, over the body must be zero;
therefore, the product of the acceleration, 281’ and the ele—

mental mass, dm, must be zero.

2-15



L/2 L/2

d/adF - Jf Zgp (x,t)dm = 0 (20)

-L/2 -L/2

where 281 is the acceleration attributed to the first bending
mode.

From inspection of Equation (1)
iBl(x,t) = Byzl(t)Byzl(x). (21)
Also dm = p(x)dx | (22)

where o0(x) is the mass density distribution function. Thus,

Equation (20) becones
L/2
Byzl(t)Byzl(x)p(x)dx = 0. (23)
-L/2

Because Byzl(t) is not a function of x it can be brought out-

side the integral sign and divided out of the equation to

L/2
.// Byzl(x)p(x)dx = 0 (24)

-L/2

yield:

Using Equation (2) and the fact that for a uniform beam p(x)

equals constant, Equation (24) becomes:

L/2

Jf (1 + b,x?)dx = 0 (25)
1/2



Upon integrating Equation (25),

x + b, 5 =tL + b, ==)=0 (26)
2 3 “L/2 2 12
_ 12
or b2 = 57 . (27)

Substituting this value into Equation (8) gives

Then substituting Equation (28) into Equation (6) produces,

L2
> _ —— 7
i, (t) = A+ 73 A, . (29)

Proceeding in analogous fashion the modal components associated
with the second bending elastic mode are uncoupled. Force
equilibrium, however, is assured by symmetry; therefore, equi-
librium of moments of forces is assumed, and are described by
these equations.

L/2 L/2 S )
J/ET ==Jf[ﬁi§l7;l__] x%o(x)dx = 0 (30)
-L/2 -L/2°
Since dt = xdF, Equation (3) becomes:
L/2 L/2
B (t)B (x)
/r xdF = jf [ yz2 XYZZ © ] x%o(x)dx = 0 (31)
-L/2 -L/2
L/2
f [Byzz(x):l x p(x)dx = 0 (32)
-L/2

Since p(x) is a constant, equation (32) becomes,
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L/2
J[ [x + bsxs]xdx =0 (33)
-L/2
s L/2
3 b.,x 3
= [%? -+ = ] S izt Lo (34)
-L/2 80
by = - .2% (35)
3L

Upon substituting Equation (35) into Equation (9), Equation
(36) is obtained

32
Bz (t) = 7% LA, (36)

which, when substituted into Equation (7) yields

$(t) = - f%-LZA - A (37)

Thus, all of the modal components of acceleration are reduced
to numbers in terms of the already evaluated A coefficients.

In addition, the mode shape coefficients have been evaluated.

As mentioned earlier, the use of binomial expressions is a
somewhat special case, although, quite often in practical
applications, it is sufficient. 1In those cases where higher
order polynomials are required and the mode shape itself is

of interest, a slightly different technique is required to
evaluate the mode shape coefficients. Upon examining Equation
(8) and (9), it is apparent that certain elements of the A-
vector are products of the mode and mode shape coefficient.
Ideally, the mode shape coefficient is a constant independent.
of time and, therefore, can be easily obtained by simply
dividing the A-element by the mode in question. This par-

ticular approach has two minor flaws.
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First, because the mode is itself a function of time with a
zero mean it must pass through zero quite often. Thus, even
though the A-element should simultaneously pass through zero,
the ill-defined situation of division by zero arises. This
could, of course, be circumvented through the use of condi-
tional logic, but this in turn would pose other problems.
Secondly, as explained in Section 4.0, the assumption

of independence of time is not entirely satisfied in reality.

For these reasons the following technique is used.

The A-element in Equations (8) and (9) is Fourier Transformed

to yield
A(f) = bBR(L) (38)

Note, the subscripts have been dropped for simplicity. Both
sides of Equation (38) are multiplied by the complex conjugate
of the mode B*(f),

B*(£f)A(f) = bR*(£)B(f). (39)

The complex conjugate multiplication yields the cross and
power spectral densities GBA(f) and GBE(f)’ respectively. Thus,

the mode shape coefficient may be written as

b = GBA(f)/GBB(f). (40)

Equation (40) expresses the mode shape as the ratio of two
quantities which are functions of frequency. In the applica-
tion of this technique it is, therefore, necessary to perform
a point-by-point division in the frequency domain, thus ex-
pressing b as a single function of frequency. It should be
pointed out that the phase angle of any power spectral
density is identically zero and, therefore, any phase depen-

dence or conversely imaginary component is introduced through



the cross spectral density. This point will be pursued
further in the following section which describes an actual

application.

Recall that at the outset of this example, a set of four modes
were selected. It is now necessary to evaluate this selection.
In Equation (11) the number of equations was chosen exactly
equal to the number of unknowns. This is the minimum number
of equations needed to obtain a solution. There is another
consideration, however, which forms a key ingredient of the
modal analysis technique. If the number of accelerometers
and hence the number of equations is made greater than the
number of unknowns, the redundant information can be used

to provide a quantitative check on the adequacy of the selec-
tion of the first and second bending modes used in the
analysis. That is, when the modal analysis is completed

the results are used to predict the acceleration at the

exact location of an actual accelerometer. The difference
between the predicted and the actually measured acceleration
is termed a residual. When the residual is sufficiently
small, it can be assumed that the choice of modes and mode

shape representation functions are adequate.

A mathematical procedure called variously the method of least
squares or linear regression can be used to solve redundant
sets of equations. It can be shown that the multiplication
of the X-matrix by its transpose as indicated in Equation (14)
has the effect of converting the rectangular matrix of a re-
dundant equation set into a smaller square matrix with a
unique solution. Thus, the least-squares function fitting
procedure is automatically implemented by the mechanics of

matrix solution.



The choice of the location of the individual linear accel-
erometers is arbitrary, although with onc primary consideration:
the determinant, D of the product of [X_]l and |X], nust

not be zero or near zero. In matrix notation:

1XTx] # 0 (38)

e
il

This is not a difficult condition to avoid; it is merely
required that the determinant be evaluated for the particular
array configuration chosen. Relocation of one or more
accelerometers will correct the computational difficulty

caused by a near-zero determinant.

In general, the number of accelerometers must be greater than
or equal to the number of A coefficients to be evaluated.
That is, there must be at least as many accelerometers as
there are terms on the right-hand side of Equation (10).
Experience to date suggests increasing this number by 25 to
50 percent to provide the redundancy necessary for the eval-
uation of the goodness-of-fit by computing the residuals. An
analysis of the effects of redundancy has not, as yet, been

undertaken.

The measurements of acceleration are then made under prescribed
test conditions. The A-matrix is obtained and the decoupling
relations are evaluated, which in general requires a knowledge
of the mass and moment of inertia distributions. The decoupling
relations provide sufficient addiéional information to enable
solving explicitly for the modal components and mode-shape

coefficients.

The acceleration field at the specific location of each actual
accelerometer is then reconstructed from the derived modal

components of acceleration using an equation such as Equation
(5). Residuals are then computed and an appraisal is made of



the adequacy of the initial choice of modal represéntation.
If necessary, the modal representation is revised and the
data recomputed. The process ends when the residuals are

acceptably small.

2.3 GENERAL CASE

The foregoing example has illustrated the procedures and
important considerations in the application of modal analysis.
The remaining task is to extend this to the general case of

a three-dimensional body capable of all of the possible modes

of acceleration.

As was mentioned earlier, each elastic component in principle
involves an infinite number of modes. The first two such
modes for the bending case have been illustrated. Fortunately,
in most practical considerations of typical structures, only
two or three of the lowest-order modes need to be considered.
The question of exactly how many to include in the analysis is
a matter for a case-by-case determination. The technique of
computing residuals enables the confirmation of the choice of
modes. In the general case, prior to the mode elimination
process, there exist two infinities in bending and one in
torsion about each of the three coordinate axes or nine infin-

ities in all.

The equation to describe the local acceleration in the x-
direction in terms of the various modal accelerations is

derived with the aid of Figures 2-1 and 2-2.
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Proceeding in similar fashion for the y- and z-directions:
V(x,z,t) = § (1) - 8 ()z + §_(t)x

[e0]
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m=1 n=1

o [oe]

+ j{ Tzk(t)TZk(z)x - 25 TXq(t)TXq(x)z

k=1 q=1
(42)
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Equation (41) through (43) cxpress linear acceleration of a
general body which is capabhle of not only the six rigid-body
modes but the nine infinities of elastic-body modes. 1In
reality, however, it is not actually necessary or possible to
deal with even one infinity of equations. Practical considera-
tions will, in most cases, reduce the task of solution to a
scope more nearly in-line with the capabilities of an engineer-
ing analyst. The method of application of the general case and
the subsequent solution are then identical to that of the
preceeding one-dimensional illustration. The topic of practical
considerations is taken up in the following section (3.0) and

illustrated in Section 4.0.

However, before concluding the discussion of the general case
of modal analysis one final point should be made. Recall that
in the one-dimensional example, only two elastic modes from

the vertical bending family were considered. These were spe-
cifically chosen such that one was an even function (first
bending) and one was an odd function (second bending). In the
event that it becomes necessary to use more than one even or
odd mode of a given elastic-mode family, one further difficulty
arises. This difficulty is similar to the coupling that takes

place between the rigid—bbdy modes and the elastic-body modes.

In the case of two similar modes within a given family, the

mode shape coefficients will couple. These coefficients can
be decoupled using the condition of orthogonality since modes
are by definition orthogonal. The mathematical statement of

this is simply

L/2
Bn(x)Bm(x)dx = 0 n#n (44)
L/2

where Bn and Bm are the mode shape functions in question either

both even or both odd.



The solution of this equation, however, involves non-lincar
algebra as opposed to the relatively simple linear algebra
heretofore encountered. Also, the number of equations,in
addition to those previously discussed,is equal to (p - 1)!
where p is the number of similar modes within the family. It
should be noted that the level of complexity will increase
dramatically if more than one odd or even mode from a given

family is included in the set of modes selected.

2.4 SUMMARY OF METHODOLOGY

The preceeding sections have presented an illustrative
example of the application of the procedure to a relatively
simple case and a statement of the general case. Basically,
the methodology is the same for the general case as it was
for the example. Figure 2-7 summarizes the flow of this

procedure.

The process of modal analysis begins with a study of the body
or system. Through a combination of analysis, previous
experience, simulation and sound engineering judgement, a
finite set of modes is selected which will be used to model
the motion of the body. The next step is to write the
expressions* for linear acceleration in terms of tﬁe chosen

set of modes.

This is followed by a decision represented by an elongated
diamond in Figure 2-7. 1If, at this point, no accelerometer
locations have been specified and no measurement of accelera-
tion made, the specification of the instrumentation array is
made. This conditional branch will be explained a little
later. The instrumentation array is a set of triples

(xi, Yis zi) which are then used to calculate the X-matrix.
The functional form of the X-matrix is determined upon
selection of the modes but its numerical value is not
established until the location of the instrumentation is
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known. From the X-matrix, the Q-matrix is determined (see

Section 2.2) and its determinate, |Q|, is evaluated.

A second conditional branch is encountered. If |Q] is zero
Oor near zero, the instrumentation array must be re-evaluated
and revised until |Q| is sufficiently large. Again, the con-
dition of completion of testing arises. If the measurement
of acceleration has not heen made, a test is conducted to
obtain this data. For the purposes of this discussion, it is
assumed that the conduct of such a test represents a signifi-
cant portion of the program budget. Therefore, the test is
conducted only once; hence, the conditional transfers else-

where are based on the completion of the test.

The linear acceleration data is transformed to mode accel-
erations and the residuals are calculated. Based on the
magnitude of the residuals and the needs of the program, the

flow chart branches, i.e., another decision must be made.

If the residuals are not sufficiently small, the set of modes
is re-evaluated and a new |Q| calculated. It should be kept
in mind that the X-matrix has a functional dependence on the
selection of modes. Thus, a new set of modes may result in

a zero or near zero |Q|. However, once a set of modes is
determined and [Q| is sufficiently different from zero the
procedure is the same as before except that no test need be
performed. Once sufficiently small residuals are obtained,
the proper modes will have been selected and the objectives

of the program can be accomplished.






3.0 PRACTICAL CONSIDERATIONS

In the preceeding section the procedures for the general use
of modal analysis were presented. This section provides two
practical considerations which will aid the user by simplifying

the application of the general case already put forth.

First, a method of partitioning a dynamic system into simpler
subsystems is detailed to increase the ease and effectiveness
of modal analysis. For this purpose, recommendations are made
in terms of a hypothetical conventional rail car, with the
assumption that is is representative of some 80 to 90 percent

of contemporary rolling stock.

The second topic is the instrumentation itself. What is the
nature of the accelerations that are to be measured? What

are the rigors of the acceleration environment that the
accelerometers must survive? Again a representative hypo-
thetical vehicle is used as the basis for the recommendations.

3.1 PARTITIONING THE SYSTEM

Section 2.3 presented the application of modal analysis to

a generalized body. In practice,structures, such as a rail
vehicle, can be modeled as a compilation of a number of
theoretically independent subsystems. That is, the structure
can be partitioned at divisions between subassemblies or at
interfaces where suspension components are found. For
example, a rail vehicle may be said to be comprised of at
least four subsystems: the axles, the truck assembly, the

vehicle structure and the load.

Apart from computational convenience there are two additional
reasons for partitioning the system. The first is that par-
titioning permits the use of separate Cartesian coordinate

systems centered in each subsystem. Since the accelerometers



make their measurements with respect to inertial space, an
explicit and easily understood description of the accelera-

tions of each subsystem can be obtained.

The second reason for partitioning the system is the concep-
tual clarity it brings to the dynamic interactions between
the subassemblies. For example, the accelerations of the
axle, usually measured at the axle journal bearing, are for
most purposes a direct measure of the accelerations produced
by track perturbations. Hence, transfer functions relating
load and car body accelerations to axle accelerations are of
direct interest to the structural and suspension designers.
In addition, transfer functions relating the load accelera-
tions to the car body accelerations are of interest to the
designer of the load container or intermodal highway truck
trailer. The acceleration field of the load subsystem is

of interest to each designer, and particularly to a prospec-

tive shipper.

3.1.1 TERMINOLOGY OF MODAL COMPONENTS

It is convenient to introduce the common names used for most
of the rigid-body modal coordinates. Table 3-1 relates the
modal components to their common names and to the notation

for them adopted in Section 2.0.

The elastic body modes are similarly described in Table 3-2.
The bending mode may be conceptually thought of as a sheet

of metal draped over a stiff rod (the axis). The result, of
course, 1is the first bending mode about the rod or axis. For
example, if the rod coincided with the y-axis this bending
mode would then be the vertical bending mode about the y-axis
denoted Byz where z denotes the direction of action. In what
follows the only vertical mode to be considered is bending
about the y-axis and, therefore, will be referred to as simply

the vertical bending mode. Similarly, bending about the

A
1
Do



TABLE 3-1

COMMON NAMES OF RIGID BODY
MODAL COMPONENTS OF ACCELERATION

Component ' Common Name Symbol
Vertical Translation Bounce Z,(t)
Lateral Translation Sway ° Yo ()
Longitudinal . X (t)
Translation Y
x-Axis Rotation Rol1l éo(t)
y-Axis Rotation Pitch 5O(t)
z-Axis Rotation Yaw ﬁo(tJ

TABLE 3-2

COMMON NAMES OF ELASTIC BODY
COMPONENTS OF ACCELERATION

Component Common Name Symbol
(ot sy ass) Pt
tioars. ol o
%ngignx¥zi§s) Torsion Mode Tx(t)




z-axis in the y-direction, Bzy’ will be referred to as lateral
bending. Finally, the only torsional mode considered is about
the x-axis, Ty and will be referred to as simply the torsion

‘mode.

3.1.2 AXLE SUBSYSTEM

The axle subsystem is very stiff compared to the other sub-
systems. For this reason attention is restricted to the
rigid-body components of axle acceleration. The pitch

component is neglected since it corresponds to axle rotation.

Thus, the A-vector defined in Section 2.2 consists of five

elements which are identically the five rigid-body accelera-
tions of the axle. Five accelerometers deployed as shown in
Figure 3-1 yield five simultaneous equations of axle acceleration.
The solution of this system of equations will in turn yield the

five modal accelerations of interest.

5.1.3 TRUCK SUBSYSTEM

The truck subsystem is a somewhat more complex system than
the axle subsystem and is currently the object of intense
investigation. (Reference 1 details some limited results
obtained using truck modes.) In contrast to the axle,the
truck requires the use of the entire compliment of rigid-body
modes since the side frames are indeed capable of pitch.

In addition, most trucks behave as a four bar frame; that
is, as if the corners were secured by ball joints of limited
displacement. A hybrid mode called twist is thus introduced
which is directly analogous to the elastic-body torsion

mode previously described. This is illustrated in Figure
3-2. Twist plus the six rigid-body modes of the truck
acceleration result in an A-vector (refer to Section 2.2)

containing seven elements.
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An instrumentation array of scven accelerometers shown
schematically in Figure 3-2 will provide the necessary set
of equations to determine thc scven modes of interest. In
fact, this set of equations can be written by inspection and

solved algebraically (see Reference 1).

3.1.4 CARBODY SUBSYSTEM

Modal analysis of a typical rail vehicle carbody requires
careful consideration. That is, in addition to the standard
six rigid-body modes there can be several elastic-body modes
required to adequately model the motion of the carbody. A
boxcar may, for instance, require the first and second modes
of both the vertical and lateral bending families to describe
the acceleration field while a flatcar may require only the
vertical bending family with the addition of the torsion
family. Some insight to the structural deéign of the specific
vehicle will shed light on the selection of the elastic-

body modes. Recall that the procedure outlined in Section 2.4
depends on an iterative process to determine the modes. It
will usually require one or two iterations to identify the

necessary set of modes to describe the vehicle motion.

In general, a conservative estimate for the required number
of elastic modes would be two modes, one odd and one even
(see Section 2.3), from each of the three families for a
total of six elastic modes. In addition, the mode shape
coefficients will usually add additional elements to the
A-vector. A conservative estimate would be an additional
six elements due to mode shape coefficients. Thus, the
A-vector may contain as many as 18 elements; six due to
rigid-body modes, six due to elastic-body modes; and six
due to mode shape coefficients. This means that the solution
of the resulting set of eighteen equations will involve the
inversion of an 18 x 18 matrix. This may be a problem de-

pending on the capacity and type of computer system available.



A practical alternative involves a piecewise solution. That
is, the system of equations representing the local measurement
of linear acceleration in onc of the directions (x, y or z)

is first solved for only those modes contributing to accel-
eration in this direction. Some of these modes will also
contribute to acceleration in one of the other directions.

For example, roll contributes acceleration to both the y and

z directions. These modes then become known quantities in

the solution of the equations in a second direction and so on.
The piecewise solution offers the advantage of reducing the
number of elements in the A-matrix and hence the size of the
matrix to be inverted, typically by a factor of two or more.
In the most efficient matrix inversion algorithms this means

a reduction in- capacity and time by more than a factor of four.
In practical applications many computers are limited to the
inversion of matrices on the order of 10 x 10. Thus, the
piecewise solution becomes not only economical, but necessary.
On the other hand,the simultaneous solution of all three
directions has the theoretical advantage of a more accurate
solution. The return on investment of time and energy,

however, may be small.

When using the piecewise solution there is a recommended order
for the solution. For obvious reasons acceleration in the y-
and z-direction are usually of greater interest than in the
x-direction. In fact, experience has shown that the ratio
X:y:z is approximately 1:2:3 in most rail acceleration
environments. Thus, the z-direction is the preferred starting
point from which approximately nine of the required 18 A-vector
elements can be determined. This leaves nine elements to be
calculated. The x- and y-directions may be solved simul-
taneously to complete the description of carbody dynamic

performance.



Once the A-vector has been solved the various terms that are

a sum of two or more modes and/or mode shape coefficicents

must be decoupled. It should be remembered that decoupling

of the various modal acceleration components requires the
evaluation of definite integrals in which the mass distribu-
tion and moment-of-inertia distribution occur. Note further
that for any axis where decoupling is required the mass distri-
bution and moment-of-inertia distribution along that axis must be
known. It is probable that the longitudinal distribution

of mass has previously been computed in the design phase of

the vehicle, while the longitudinal distribution of moment-
of-inertia is probably not available. It is recommended that
the evaluation of functions of this kind be approximated
rather than precisely determined. Experience has shown that
skillfully made approximations can be acceptably close to the
exactly tabulated function. In any event, these integrals
need be evaluated only once for a given choice of modes and

mode-shape functions.

3.1.5 LOAD SUBSYSTEM

The treatment of loads is similar to the evaluation of the
carbody in that some knowledge of the structure is required
to develop the necessary set of modes. Of course, in most
applications the six rigid-body modes should be included.
For the purpose of this discussion, reference is made to
conventional trailers and containers presently in use 1in
the intermodal transportation network. Both body types
will in most cases require one member from each of the
elastic-body families discussed earlier. Depending on

the structure and lading,mode-shape coefficients may add
elements to the A-vector. Thus, there may be as many as
ten elements in the A-vector, six rigid-body, three elastic-

body and one mode shape coefficient.



Figure 3-3 represents schematically a practical array of
accelerometers which offers a small degree of redundancy
which is necessary to ensure sufficient data and also as
an alternate solution in the event of an accelerometer
failure. That is, a solution is possible as long as the
number of properly functioning accelerometers is equal to

or greater than the number of elements in the A-vector.

1 ¥
X - longitudinal 8 - voll .
Y - lateratl $ - pitch
Z - vertical ¥ - yaw

Figure 3-3. Schematic Array of Accelerometers



3.2 INSTRUMENTATION REQUIREMENTS

With the preceeding discussion of subsystem modeling complete,
it is now possible to discuss the instrumentation requirements.
This breaks down into two basic considerations. First, the
magnitude of the accelerations to be measured and the speci-
fications of the accelerometers; second, the actual operating

environment the .accelerometers will be exposed to.

To begin with, the accelerations on a vehicle, at.least on
the carbody and load, should not exceed levels that would
cause excessive vibration to the lading, whether cargo or
people. Most items designed for use by people are not
typically designed to withstand accelerations greater than
32.2 ft/sec2 or one gravity (1 g). In fact, measurements
have shown this to be the case with few exceptions, such as;
accelerations due to impact which may reach as high as 2 to
5 g. Therefore, in order to provide a sufficient range to
measure the accelerations anticipated, a reasonable specifi-
cation for an accelerometer would be *5 g providing sufficient

resolution cdn be obtained.

Fortunately, there are a large number of commercially available
accelerometers with the required range which offer a resolution
of 0.01 g to 0.001 g which should be sufficient for most
applications. The acceleration environment encountered at

the axle and truck level is somewhat more severe and would be
better suited to a *10 g accelerometer (resolution 0.03 to

0.01 g).

In order to determine the required frequency response of the
accelerometer, use is made of simple spring-mass, uniform beam,
and torsional pendulum models. For a large percentage of con-
ventional rail cars, the frequencies of interest are relatively
low. For example, rigid body linear accemerations, such as
bounce, will occur at between 3 Hz and 5 Hz. Rotational



accelerations occur somewhat lower, around 2 Hz. The elastic-
body mode frequency occurs somewhat higher, but the first mode
of both the bending and torsion mode lies below 10 Hz. The
second mode of the torsion mode is typically the highest at
just below 30 Hz. Thus, the accelerometer selected should

be capable of responding to inputs of at least 30 Hz and
perhaps as high as 50 Hz. In any case;this range is perfectly

feasible with today's instrumentation.

Besides being able to take measurements within the desired
frequency band, the accelerometer must be able to operate
over extended periods in a harsh environment. It is not
uncommon for an acceleration of 1,000 Hz and 100g amplitude
to occur due to a phenomenon such as local deformation. For
example, a plate of decking may rattle or a bracket resonate
at these levels. The local deformation is small, less than
0.001-inch for the conditions cited, but the efféct on the

accelerometer can be devastating.

To alleviate this problem use is made of a mechanical isolator
(one type is described in the following section). A mechanical
isolator is designed to pass the acceleration in the frequency
band of interest with unity gain while sharply attenuating

the higher frequencies. One simple solution is the use of a
wood block as a mount. Careful attention, however, must be
given to the placement of the wood to avoid creating a reson-
ating bracket. Other isolators involve the use of rubber foam

mounts to dissipate the high frequency energy.

In addition to mechanical isolation, some attention should

be given to environmental protection. Electronic instrumen-
tation, such as accelerometers, should be protected from
rocks, dust and water. Finally, depending on the.design of
the test and atmospheric conditions, the accelerometer should
be maintained at a constant temperature, typically in the
range of 70°F to 90°F.



Before closing the section on practical considerations, a

few words on data sampling are in order. Before digitizing,
the data should be filtered at approximately the highest
frequency of interest using a very sharp cut-off filter.

This is done to avoid aliasing the information in the pass
band with spurious high frequency noise. The sample rate
should be two and a half to three times the corner frequency
of the anti-aliasing filter or highest frequency of interest.
In fact, in some cases, it is advisable to increase fhis

to four times the highest frequency of interest.

Finally, the test procedures must be designed to provide
statistically sufficient data. When using Fourier Transform
analysis, the normalized statistical error is equal to the
inverse of the square root of the number of samples transformed.
In the study of vehicle dynamics, the general required reso-
lution of frequency is approximately 1 Hz, occasionally less,
thus, requiring samples of 1 second duration or more. One
hundred seconds of data would provide a normalized statistical
error of 0.1. This means that two thirds of the data lie
within 10 percent of the true value. Using this, an estimate

of the test requirements can be made based on desired accuracy.
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4.0 AN APPLICATION

The Lightweight Flatcar Evaluation (LWFC) Program is presented
as an example of the application and utility of Modal Analysis.
Modal Analysis was developed and used to interpret the test
data of the LWFC Program so that the major objective, a com-
parative evaluation of lightweight and conventional flatcars
could be accomplished. The global nature of the mode acceler-
ations permitted a clear and objective comparison of the

dynamic performance of two different vehicle designs.

4.1 PROGRAM AND OBJECTIVES OF THE LIGHTWEIGHT FLATCAR
EVALUATION PROGRAM

The Lightweight Flatcar LEvaluation Program was designed to
compare two prototype skeleton flatcars, referred to as light-
weilght flatcars, with the conventional TTAX flatcar by quantify-
ing the acceleration environment experienced thereon. The

new skeleton flatcars are shown in Figure 4-1. The TLDX62
(shown on the left) is designed to carry standard containers,
and the TLDX61 (shown on the right) is designed to carry
trailers. These flatcars weigh between 20 and 30 percent less
than the widely used TTAX car and they could provide substantial

reductions in fuel consumption and equipment wear.

The evaluation was accomplished by analyzing the effect of
several factors on the dynamic behavior of the flatcar. These
factors include flatcar design, load configuration, track
class, vehicle speed and mileage accumulated in service. The
dynamic performance of the test vehicles was quantified during
a series of three Ride Vibration Tests (RVT) and an extended
Over-the-Road Test (OTR). The RVT series was designed to
obtain data on the flatcars at a different level of accumulated
in-service mileage under controlled conditions. The OTR test
was designed to obtain data while the flatcars were being used

in revenuc service,

~



Figure 4-1. Lightweight Flatcars TLDX61 and TLDX62

4.1.1 FLATCARS

Tests were conducted using three different flatcars: one
conventional genéral purpose flatcar and two lightweight
prototype flatcars. Accelerations on similar load config-
urations were found to be comparable for the different types

of flatcars.

The conventional flatcar (TTAX 973799) owned and operated by
Trailer Train weighs approximately 69,000 pounds including
trucks. The car is 90 feet long (over strikers) and 9 feet

wide with the deck 2 feet, 5-1/2 inches above the rail. There

are two collapsible kingpin pedestals, one at the car center
and one at the B-end®. The TTAX is capable of transporting

.;&

The end at which the hand brake is located is referred to
as the B-end. The other end is the A-end. All tests were
performed with the A-end leading.
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two trailers, two 40-foot containers, or one of each. The
trucks used in this study were 70-ton American Steel Foundary

(ASF) ride control trucks spaced 66 feet center-to-center.

One lightweight flatcar (TLDX61) was configured fo transport
only trailers and the other (TLDX62) was configured to trans-
port only containers. The TLDX61 flatcar is shown in Figure
4-2 laden with two trailers and the TLDX62 flatcar is shown
in Tigure 4-3 laden with a single container. These flatcars
are referred to as lightweight or skeleton flatcars (see
Figure 4-4). These cars weigh approximately 59,000 pounds
and 49,000 pounds empty, respectively. Length over strikers
is 84 feet, the width is 9 feet, and the deck is 3 feet 5-1/2
inches above the rail. The trucks under these cars were also
the 70-ton ASF ride control trucks spaced 65 feet center-to-

centear,

m&ﬁﬁ&ﬂﬁﬁﬁ&ﬁiﬁl

gigih
iE

Figure 4-2. TLDX61 Flatcar With Two Trailers



Figure 4-3. Standard 40-Foot Container

Figure 4-4., Lightweight Flatcar,
TLDX62
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4.1.2 LOADS

The lading of the flatcars consisted of standard intermodal
trailers and containers. During the various phases of the
test program, the trailers and containers were laded with a
number of paper bales weighing 2,000 pounds each and in some
limited cases were left empty.

\
The. trailer used for this study was the Fruehauf Z-Van (Model
FBZ9-F2-40) shown in Figure 4-5. This trailer has a length
of 40 feet and an overall height of 13 feet 6 inches. The
empty weight is 12,500 pounds and the maximum gross weight
is rated at 68,000 pounds. During the test program the
trailers were loaded to a gross weight of 44,500 pounds.
Four of these trailers (SFTZ 202519, 202699, 202710, 202751)
were employed during testing. All four trailefs werc manu-
factured during August and September 1974 and had been used

in service pricr to the LWFC program,

Figure 4-5. Instrumented Trailer



Similarly four Fruehauf general cargo containers (Model
KAX-40TRA, Serial Nos. XTRU 871264, 871395, 874756, 878189)
were used. A container is shown in Figure 4-3, The container
is constructed of a steel frame with sheet aluminum sides and

a wooden floor. These containers were 40 feet long, 8.5 fcet
wide and 8 feet high. Each container weighed 6,450 pounds
empty and was rated at ‘a maximum of 64,000 pounds gross weight.
During testing the gross weight of each container was 38,450

pounds.

4.1.3 INSTRUMENTATION

In order to obtain high-resolution measurements of accelera-
tion, precision servo-accelerometers, manufactured by
Schaevitz, were used. These accelerometers (Model LSBC-5)
had a dynamic range of *#5g and a natural frequency of approxi-
mately 150 Hz with near critical damping. Resolution at
full-scale conditions (5g) was #0.01g; at lg resolution was
+0.003g; and at conditions characteristic of the piggyback
environment (0.1g) resolution was *0.001g or better. The 5g
accelerometers were used to measure the acceleration environ-
ment on the loads and carbody. The axles were instrumented
with viscously damped accelerometers having a 30g range
(Schaevitz Model LSVCJ-30). These instruments were capable
of a resolution of 0.18g in a 30g environment and could

resolve to 0.012g in a lg environment.

As discussed in Section 3.2, all accelerometers were protected
using a mechanical isolator designed to attenuate high ampli-
tude or shock accelerations above 150 Hz. The mechanical
isolator was basically a cup-in-a-cup design with the inner
cup isolated from the outer by a firm, open-cell foam. The
mechanical isolator is shown in Figure 4-6 and the complete

accelerometer/isolator package is shown in Figure 4-7.
Eight accelerometer/isolator packages were mounted on each

trailer and each container. The instrumentation array on

each trailer is shown in Figure 4-8. Nominal locations of
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Figure 4-6. Mechanical Isolator

Figure 4-7. Accelerometer/Isolator
Package



NOTE: Dimensions
are in feet

Figure 4-8. Trailer Instrumentation Array

7

NOTE: Dimensioﬁs
are in feet

Figure 4-9. Transducer Locations For Containers
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the eight measurement stations are shown in feet (20.25 feet).
The accelerometer locations on the containers are shownh in

Figure 4-9.

Seventeen accelerometers were mounted on the carbody; twelve
in the vertical direction, four in the lateral direction, and
one in the horizontal (longitudinal) direction. The nominal
locations of the instruments were the same for all three
flatcars; these locations are indicated schematically in
Figure 4-10. The Cartesian coordinates of the accelerometers

on the three cars are given in Tables 4-1 through 4-3.

e

2,14,17

11,16 3= X

- : A N
K ’ , e e e et e et e e

B-END
Accelerometer Direction
1 - 12 Vertical
13 - 16 Lateral
17 Longitudinal
Figure 4-10. Schematic of Carbody Transducer Locations

with Identification Numbers
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TRANSDUCER COORDINATES T'OR TLDX-062 CAR

TABLE 4-1

(L/2 = 41'5")

No. 1D X y
Vertical

1 43V 39'4-3/4" -3'5-1/4"
2 41V 31'1-3/8" 10"
3 40V 22'8-5/8" -2'11-7/8"
4 38V 10-3/4" -2'10-3/8"
5 37V -22'9-7/8" -2'11-7/8"
6 35V -3914-1/8" -3'5-1/2"
7 44V 39'4-3/4" 315
8 45V 22'9" 2'11-5/8"
9 46V 9-5/8" 2110-7/8"

10 47V -22'9-3/4" 2'11-5/8"

11 36V -33'10-1/4" 10-1/2"

12 48V -391'3-3/4" 3'5-1/4"

Lateral

13 42L 3914 1'9"

14 41L 319" 14"

15 39L 1'6-1/8" 2'7"

16 36L -33'3-5/8" 1'4-1/2"

Longitudinal
17 41H 31'1-3/8" io"
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TABLE 4-2

TRANSDUCER LOCATIONS ON TLDX-61 CAR
(L/2 = 41'5")

ID X y
Vertical

1 27V 40'6-1/2" -4'2-7/8"

2 25V 313" -10-1/2"

3 24V 23'3-1/2" -2'11-7/8"

4 22V 3-3/8" -2'10-3/4"

5 21V -2312-3/8" -2'11-7/8"

6 19V -40'7-1/2" -4'3-1/2"

7 52V 40'6-1/8" 41'3-1/4"

8 53y 23'3-7/8" 31.1/8"

9 54V 3-1/2" 2'10-5/8"
10 55V -23'3-5/8" 2'11-3/4"
11 20V -37'7-3/4" -10-1/2"
12 56V -40'6-1/4" 3'-1/8"

Lateral
13 26L 41'1-3/4" 1rs5"
14 25L 30'10-5/8" 1'4-3/8"
15 23L -1-3/4" 2'7-1/2"
16 20L -33'9-5/8" 114-1/4"
Longitudinal
17 25H 30'1-5/8" 10-1/2"




TABLE 4-3

TRANSDUCER LOCATIONS ON TTAX CAR
(L/2 = 45 ft.)

D X y
Vertical
1 34V 4319-1/2" -413/4m
2 32V 31'10-7/8" 7-5/8"
3 31.1V 16'6" —413/4"
4 30V -8-1/2" —413/4m
5 29.1V -16'6-1/4" ~4v3/4"
6 28V ~4319" —413/ 4"
7 49V 4319-1/2" 413/4m
8 49.1V 16'5-1/4" 413/4"
9 50V 7-1/2" 413/4m
10 50.1V ~16'6-1/2" 413/4"
11 29V 3211/4n 7-5/8"
12 51V ~4316-3/4" 413/4"
Lateral
13 33L 4415-5/8" 1'8-1/2"
14 32L 3319-1/2" 9-1/4"
15 31L 3-1/4" ~112-3/8"
16 29L -3212-1/2" ~1ran
Longitudinal
17 32H 31'1-3/4" 7-5/8"




Five accelerometers were mounted on the axle. A triaxial
accelerometer package was located on top of one bearing
housing and a biaxial package was located atop the other
bearing housing, as shown in Figure 4-11. The accelerometer
signals were processed, collected and recorded by the Data
Acquisition Vehicle, T-5. Figure 4-12 shows an overall
schematic of the accelerometer signal flow through the

data acquisition system.

Each individual accelerometer was cabled to a junction box
by means of a shielded cable. A 61-pair shielded cable was
used to carry the data signals from the junction box to the
data acquisition car. All cables were secured at regular

intervals to eliminate cable movement and to protect the

cables.
5 X- LONGITUDINAL © - ROLL
" Y - LATERAL ¢- PITCH
Z- VERTICAL ¢ - YAW

1l

3.7 feet
0.5 feet
0.6 feet

Figure 4-11. Axle Transducer Locations and Axes
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Onboard the data acquisition car the signals were conditioned,
amplified and filtered. A four-pole (-24 dB/octave) Bessel
filter with a corner frequency of 30 Hz (-3 dB) was used for
the purpose of anti-aliasing. This filter provides a nearly
linear phase shift in the passband. A second single-pole
filter (-6 dB/octave) having a corner frequency of 1.6 Hz

was used since the acceleration level was observed to increase
with increasing frequency in the rail environment. The accel-
eration signal was thus low-pass filtered to allow maximum
resolution in the frequency band of interest (0-30 Hz) during
the process of digitizing. This allowed maximum use of the
dynamic range of the analog-to-digital (A/D) converter. The

effects of the 1.6-Hz filter were removed during data processing.

The signals, once filtered, were digitized at a rate of 128
samples per second which is slightly more than four times
higher than the highest frequency of interest. This process
was controlled by an onboard computer which supplied a buffer
or temporary storage for the data. When the buffer was full,
the data was written on magnetic tape in 12-bit words. Speed
and location (milepost) were also recorded with these data.
The computer also provided for manually recording a header
for each data file to aid retrieval. Six selected channels
were re-converted to a quasi-analog signal and were displayed
on a strip chart recorder. This display provided the capa-

bility for data validation and real time analysis.

4.2 TEST METHODOLOGY

Two types of tests were performed in order to obtain the
necessary data. The first test was the Ride Vibration Test
and the second was the Over-the-Road Test. The geographic

location of these tests are shown in Figure 4-13.

4.2.1 RIDE VIBRATION TEST

A series of three Ride Vibration Tests (RVT) were conducted

on the Santa Fe Railroad, First District, Colorado Division,
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Figure 4-13. Test Zone Locations



near La Junta, CO. The RVT's were run after the test consist
had accumulated zero, 50,000 and 125,000 miles. The first
was conducted in August 1976; second in August 1977 and the
third in November 1978. The threc flatcars amassed the
mileage while in regular freight revenue consists between

RVT tests.

Two test zones were chosen on tangent track. Test Zonhe 1
consisted of 1.1 miles (5,808 feet) of Class 3 track beginning
at milepost {MP) 234 and extended 528 feet south of MP 233 on
the Boise City Line. Test Zone 2 consisted of 3.1 miles
(16,368 feet) of Class 3 mainline track beginning 4,224 feet
west of MP 541 and extended to a point 528 feet west of MP 537.

The entry to both test zones was marked with three automatic
location device (ALD) targets and the exit with two ALD
targets. Additionally, single ALD targets were placed every
528 feet. A Ride Vibration Test consist is shown in Figure
4-14. The consist was made up of, from left to right, the
TLDX62, TTAX, TLDX61, and Data Acquisition Car T-5. Tractive
power was supplied by a locomotive coupled to TLDX62. Refer to
Table 4-4 for a listing of target speeds in the two test zones.

Figure 4-14. Ride Vibration Test Consist
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Tests were conducted as follows. The consist traversed each
test zone at low speed (10-20 mph) to condition the track

and to check the ALD targets. Once this was accomplished,

the consist backed through the test zone a sufficient distance
to allow the test consist to attain the specified target speed.
The target speeds, listed in Table 4-4 were then held constant
while data was collected in the test zone. On completion of
each data run, the consist was stopped and again backed

through the test zone to get ready for the remainder of the

tests.
TABLE 4-4
TARGET SPEEDS) FOR THE RIDE VIBRATION TEST
Test Zone Speed (mph)
1 19 15 20 30 40
2 40 50 60 70 79

4.2.2 OVER-THE-ROAD TEST

The second type of test performed during the LWFC Program was
conducted under actual operating conditions in revenue service
and is referred to as the Over-the-Road (OTR) test series.
During the OTR test series, the three test flatcars were ins-
trumented and cabled to the T-5 data acquisition vehicle, and
were coupled to the end o6f a regularly scheduled freight
train on the Atchison, Topeka and Santa Fe (AT§SF) between
Kansas City, MO and Los Angeles, CA. A photograph of one
such consist is shown in Figure 4-15 taken from the T-5
vehicle. Note the instrumentation on the test cars and the
length of the regular train. Refer to Table 4-5 for the
lading configuration tested on the three flatcars during

the RVT and OTR test series,
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LADING

CONFIGURATIONS

TABLL

4-5

TESTED ON TIIE

THREL FLATCARS
DURING THE RVT AND OTR TEST SLERTES

: ONE EMPTY ONE - TWO ONE EMPTY ONE TWO
TEST CAR EMPTY TRAILER LOADED LOADED CONTAINER| LOADED LOADED
(A-END) TRAILER |TRAILERS (A-LND) | CONTAINER| CONTAINERS
(A-END) (A-END)

TLDX62 RVT1 RVTl RVT RVT1
OTR OTR OTR

TTAX RVT1 RVT RVTl RVT1 RVT1
OTR OTR OTR OTR OTR

TLDX62 RVT, RVT, RVT RVT,
OTR OTR OTR

RVTl - Ride Vibration Test No. 1 only

RVT - Ride Vibration Test Nos. 1, 2 and 3

OTR - Over~the-Road Tests




SPECIAL TEST ZONLS FOR OVER-THE-ROAD TESTS (OTR)

TABLE 4-0

Division MP Location Grade Curvature Rail Remarks
1. L.A 735-725 | Newberry Flat Tangent W Double
2. 716-706 | Pisgah 1% E.B Reversed Z° W Double
3. 656-646 | Cadiz Sag Mostly Tang. W Concrete
Ties 651-
650 DBL
4. Albq. 527-517 | Harris 1.42 EB Numerous to 7°| W Double
5. 412-402 |{ Eaglenest | Sag, 10,000 Long 1° W Double
V.C. 1%
6. 231-221 | Pinta To .6% EB Few Short N.J./S.W. | Double
7. N.M. 888-878 | Becker To .6% EB One 1° W Single
8. Plains |620-610 | Black Rel. Flat Tangent W Single
9. 408-398 | Fargo Rel. Flat Tangent W. Single
10. 320-310 | Loder Rel. Flat Tangent W Single
11. Middle|168-158 | Aikman Undulating, E.B.| Few Lt. W Single
12. 25-15 | Craig 6% W.B. Numerous -2° | W 15-20 | Double

J 20-25




Figure 4-15. Over-the-Road Test Consist

Twelve test zones, listed in Table 4-6, each ten miles long
were selected along the AT&SF route which was approximately
1,750 miles long. The gelectionvof the test represents a
cross section of track structure and operating conditions
typically encountered in intermodal service west of the
Mississippi. Six OTR tests were conducted between December
1976 and February 1977 after the test consist had accumulated
between 10,000 and approximately 20,000 miles. This was done
to colléct acceleration data on each flatcar system (carbody,

axles and loads) with all possible load configurations.

Although the instrumentation of each OTR consist was identical
to that of the RVT consist, the test procedure was modified
due to the nature of the operation; i.e., there was absolutely
no control over test conditions such as train handling and
speed during the OTR test series. Therefore, the data was
collected in the following manner. Between five and ten

miles before each test zone the data acquiéition system was

given a final checkout and placed on stand-by or hold. Due



to the operating conditions, this procedure was conducted
under way and in the event of an instrumentation failure
exterior to the data acquisition car no recourse was
available. As a result, a4 channel of data could be lost
but with the redundant compliment of accelerometers a solu-
tion of the modes was still possible. The impact of one
accelerometer loss was, therefore, not catastrophic, but a
great deal of attention was given to accelerometer surviva-

bility, hence, the use of the mechanical isolators.

An observer in the data acquisition car alerted the crew when
the consist was one mile from the test zone and based on
speed, displayed directly above the computer console, a count
down was initiated. The observer then called out the test

zone entry and the data acquisition system was enabled.

The exit of the test zone was similarly noted and the data
acquisition system was returned immediately to hold. The

data tape was then removed from the tape deck; marked with the
date, test zone and OTR run number; and stored for off-line

processing.

4.3 DATA ANALYSIS

4.3.1 CARBODY EQUATIONS

The Lightweight Flatcar System was partitioned into three
subsystems; the carbody, the load and the axle, to facilitate
the use of modal analysis as explained. Six rigid-body and
four elastic-body components of acceleration are used in the
modal analysis of each subsystem. The three rigid-body
translational components along the x,y, and z axes, respec-
tively, are called longitudinal, sway and bounce, respectively.
The three rigid-body rotational accelerations around the

x,y, and z axes, respectively, are called roll, pitch and yaw.



Four elastic-body modes are also included: first and second
vertical bending about the y-axis; and first and second

torsion about the x-axis. (See Figure 4-16)

The mode shape
functions are:

2 4

By (x)= 1+ byx" + b x (1)
B (x) = x + b,x> (2)
yz?2 3

T .(x) = x + ¢ x3 (3)
x1* 3

T _(x) = 1 + c.x° (4)
x2 2

The resulting equations relating local accelerations to modal

components of acceleration are:

i}

K(y,z,t) = £ (t) + §,()z - b _(t)y (5)

H

Yxsz,t) = § (t) - B (D)z + §_(t)x

ST (B 0+ XYY -t (1) c,x%)
(6)
206,y,t) = 2 (8) + 6 ()y - ¢_(t)x

2 4
Byyp (8D (1 + byx™ v b xh)

Bygp (0 (X + bx") + T (0 (x + e xP)y

* T (00 cpxdy (7
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Figure 4-16. Rigid and Elastic Modes



are.:

{ The final equations, in the order in which they were solved,

in which

Z(x,y,t)

A (1)
Aq(t)
A, (t)
Az (1)
Ay ()
Ag (1)
Ag (1)
Aq(t)

Ag (1)

il

H

= A(t) + AL (E)x + Az(t)xz P AL (1)x
A (0)xT F AL(D)xy + A (t)x2y
4 5 6
+ AL ()XY + A (t)y
7 Ag
£, (6) + B, (8)
Bpa () - o (0)
Byzl(t)bZ

(t)b

Byz2(tibs

Byzl(t)b4
Txl(t)
sz(t)cz

Txl(t)c3

B, (1) + T, (1)

.. 2
y(x,z,t) = Ap(t) + Apq(t)x + Ap,(t)x

3
+ AlS(t)X + A14(t)z

(8)

(9)



in which Alo(t) = yo(t) - sz(t)

App(t) = (8) - T (1)

App(B) = =150,

Apz(t) = -1y (t)eg

Ay, (0) = -8 (1)

Xly,z,t) = Ay (t) + Ay (t)z + Ay, (B)y (10)

in which Azo(t) = Xo(t)

i

Ay (8) = 4 (1)

Ay (t) 2 -9 (t)

Table 4-7 1lists the time series coefficients (Ai) énd their

appropriate spatial coordinates.

It 1s necessary to decouple the rigid and elastic components
of the A coefficients in only the xy-plane since a piecewise

solution approach is being used. The coupled components are:

Ag(t) = £ (6) + B ) (1) (11)
Ap() =B o (8) = 6 (1) (12)
Ag(t) = éo(t) +or (1) (13)

To do the uncoupling, set the net work due to the elastic

components equal to zero. This results in the expressions:
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TABLE 4-7
NOMENCLATURE

Time Series Coeffitcients

Powers of Spatial Coordinate

A, (1)
Aq (t)
e
A ()
e
Ac (1)
Ag (1)
A, (6)
A8(t)
Aot
App (8
App (0
A1z (1)
A4 (1)
A ()
Ayq (E)

Azz(t)

H
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M M

Eo(t) = A (1) + g Ay () + & AL (D) (14)
6] (o]
. Mz
B8] = Ay (1) - A (15)
) H
6, (1) = Ag(t) + . Ag (1) (16)
L/2
where Mn = f xznp(x)dx n=20,1,2 (17)
/2
L/2
H, = [ x*S500dx s = 0,1 (18)
L/2

The evaluation of Equations (17) and (18) requires knowledge
of the mass distribution, p(x), and of the polar moment of

inertia distribution, J(x).

Exact tabulations of the mass distribution, p(x), were made
from blue prints. Each car was divided into segments of
constant density as small as three inches resulting in the

detailed distribution shown in Figure 4-17.

The moments, Mn’ are not radically affected by the gross
approximation of a homogeneous weight distribution. That is,
if p(x) is approximated as a constant, Py (the weight of the
car divided by its length) one obtains the results summarized
in Table 4-28.
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Detailed Distributions

Figure 4-17.
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Figure 4-17. Detailed Distribution (cont)

TABLE 4-8 _
APPROXIMATION OF WEIGHT DISTRIBUTION

p(x)* S Difference
MO 19.86 19.86 0
Ml 6.52 6.62 1.5%
MZ 3.21 3.97 24%
M3 2.21 2.84 28%

c(x) and p_ are in units of cubic feet/unit length where
one unit leéength is half car body, L/2. This unit was
chosen to keep these parameters within a reasonable range
(<10) and are readily converted to units of weight/foot 3
by multiplying by the weight density of steel (490 1b/ft7).
Note also M0 as given above is for a quarter car.




Considering the effort to obtain p(x), which was considerable,
the above results show only marginal justification. The work
required to obtain a detailed distribution of the polar mass
moment of inertia, J(x), would be even greater. Therefore,
an approximation was made, based on blue prints for all three
cars under study. The cars are comprised basically of two
portions of constant moment of inertia (see Figure 4-18).

The portion over the bolster is characterized by a moment

of inertia significantly smaller than that of the mid-car
section (approximately 40 percent in the case of the TLDX-61
flatcar).

- The corresponding step moment of inertia distribution for the
TLDX-61 car is shown in Figure 4-19 with the abscissa non-

dimensionalized by the carbody half length.

e ¢
OO -

GO

2
J(x)l_l = Constant
J(x)z_? = Constant
J1-1 <22
Figure 4-1§. Separation of the Polar Moment of
Inertia



AT 0.55 )

Figure 4-19, Polar Moment of Inertia Distribution

Integrating the moment of inertia distribution (Equation (18)),
the value of Hl/HO is found to be 0.30. In order to ascertain
the effect of detail in the moment distribution on this ratio
one may make use of Table 4-8. The ratio of MI/MO is 0.33 or
only nine percent larger than Hl/HO' Although p(x) and J(x)
are most likely dissimilar, the difference illustrated above
indicates the relative insensitivity of the ratio of the

first two integrals to detail in distribution. Therefore,

one may conclude that the step distribution for the polar

mass moment of inertia is an acceptable approximation.

As explained in Section 2.0, the mode shape coefficients are

calculated using frequency domain techniques.
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where qu is the cross spectral density (CSD) of p with respect
to q, and Gpp 1s the power spectral density (PSD) of p.

The lateral acceleration equation, Equation (9), is solved by
matrix inversion as described in Section 2.0. Values of the
A-coefficients are obtained point-by-point in the time domain
using the measured local accelerations as input data. No
decoupling is required because the values of Txi(t) and TXZ(t)
are already known, having been established above in the vertical

axis solution.

The longitudinal equation, Equation (10), is solved directly
on a point-by-point basis since the coefficients A21 and A22
are already known, thus, completing the solution of the modal

coordinates of the carbody.



4.3.2 LOAD EQUATIONS

The local-to-modal transformation cquations for the load arc:

X(y,z,t) = X (t) + ¢ (t)z - ¥_(t)y
y(x,2,t) = ¥ (t) - 6 (t)z + h(t)x

v By (8)B, ()

Z(x,y,t) = 2 (t) - ¢, (t)x + B_(t)y

(24)

(25)

(26)

Lateral bending about the z-axis is the one elastic component

included in the modal analysis: The associated mode shape

function is

_ 2
Bzyl(x) = 1 + dzx

The decoupling relation, based on equilibrium

forces is

L/2

]~p(x)BZyl(x)dx =0
-L/2

A bulk load may reasonably be approximated by
distribution (p(x) = 1). Therefore, Equation

L/2 L/2

_[ Bzyl(x)dx ]‘ (1 + dzxz)dx
-L/2 -L/2

1]

which has the sclution

jal
oo

fl

1
S
o B

(27)

of inertia

(28)

a uniform mass
(28) becomes

=0 (29)

(30)



Accordingly,

B

zyl

=1 - =

-

and can be used as an independent spatial coordinate.

(31)

One linear acceleration in the longitudinal direction, four

accelerations in the lateral direction, and three in the

vertical direction were measured.

required to model this system is, therefore, comprised of

The set of equations

one Equation (Z4), four Equations (25) and three Equations

(26).

matrix form as

where

{am

}

35

{A} =

<

The resulting set of equations may be written in

Z4 Y1
0 X9
0 Xz
0 X4
0 Xg
Xe 0
X 0
-Xg 0

(32)




Note that the elements of the A-vector are subscripted con-
secutively regardless of oricntation. This is done to identify
the spatial coordinate of a particular accelerometer with its
respective measurement. This is illustrated schematically for

both the trailer and container in Figure 4-20.

Equation (32) represents a system of eight equations with
seven unknowns, the elements of the A-vector. These unknowns
are fitted to the measured data in exactly the same way as

the vertical carbody modal coordinates were. Thus:

la_} = [X]T{a} . (33)

Next, Equation (32) is substituted into this expression to

obtain:

DT xreay = 17 ay (34)
defining a square matrix S as

(s = x1'x)
Equation (34) can be written as:

[s] 1A} = [x]7¢a) . (35)

Multiplying each side of Equation (33) by the inverse of the

S-matrix, Equation (33) becomes
tay = (s i Tay (36)

Thus, the A-vector is the best fit of the modal coordinates
to the measured accelerations on the loads. This completes

the solution of the load equations.
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4.3.3 AXLE EQUATIONS

The axle modal components are the same as the load components
with the exception of éo' Obviously rotation about the y-axis
will not enter into accelerations on the axle, and therefore,
only the five modal accelerations io(t), yo(t), Zo(t), 5O(t)

and @O(t) must be determined.

Five acéelerometers were mounted over the journal bearings
to obtain the five observations required to solve for the
five unknown modal accelerations. A tri-axial package was
mounted at one end and a bi-axial at the other.' Tri-axial
means that acceleration was measured along the three axes of
translation and the bi-axial package only two, longitudinal

and vertical (see Figure 4-11).

These accelerations can be written in terms of modal accel-

erations with the origin located at the axle center. Thus,

£, (t) = % (8) - §_(t)y, (37)
%,(0) = -x_(t) - §_(t)yy (38)
F5(t) = §o(t) - B o(t)z, - B, (t)x, (39)
B,(0) = 2 (1) + B_(D)y, (40)
ic(t) = £ (t) - 8_(t)yy (41)
where Yy = Y distance to c.g. longitudinal
accelerometers = 3.7 ft,
zy =z distance to c.g. of lateral

accelerometers = 0.5 ft.

ke
i

x distance to c.g. of lateral
accelerometers = 0.6 ft.



yy =Y distance to c.g. of vertical
accelerometers = 3.7 ft.
X4 and Xz = longitudinal accelerations at
positions 1 and 2.
ys = lateral accelerations at Position 3.
24 and 25 = vertical accelerations at Positions

4 and 5.

Note that due to symmetry the coordinates required are the x
and z-coordinates of the lateral accelerometer, the y-coordinate
of the longitudinal accelerometer and the y-coordinate of the

vertical accelerometer.

These five equations (Equations 37 through 41) containing
five unknowns are solved exactly to obtain the modal accel-

erations as follows:

Xo(t) = (%) - ¥,)/2 (42)

§(t) = §4 + Bz + boxg (43)
= Vg Lzy - Eg)z/yy

- Ry v k)X, Syyl/2 (43)

(1) = (8, + 1)/2 (44)

6,(t) = (Z, - Z)/2yy (45)

B() = - (&, + %))/2vy (46)

This completes the solution of the axle modal components.

4-39



1.4 DATA PROCESSING

Data processing involves two basic steps. First,the data is
transformed from measured linear accelerations to mode accelera-
tions., This simply converts onc set of time series to another.
Second, the time series must be presented. This involves the
selection and implementation of suitable analytical techniques

and the choice of graphic output formats.

Prior to any actual processing, however, it is always advisable
to reproduce the data and do some preliminary analysis and

check its validity. This was done in the LWFC Program by
reconstructing an analog reproduction of each measured accelera-
tion and comparing it with the strip chart recordings made
during the test. Also, some basic calculations were pefformed
to determine if the magnitude and frequency content of the
signals which were compared with physically realizable and
expected values. That is, some judgement was made as to whether
a given structure could actually undergo accelerations of a

certain magnitude at the indicated frequency.

Once the data was validated, the modal transformation was

made. First the data from the raw data tapes were reformatted to
a 16-bit floating point format, scaled to dimensional units,
inverse filtered to remove the effects of the 1.6-Hz filter
discussed in Section 4.3, and debiased (i.e., the mean was
renoved). The transformation was made using the algorithms
outlined in the previous section, 4.3 The software used to
perform this transformation is flow charted in Appendix A

followed by a listing of the program and all routines.

The first and perhaps most powerful technique to summarize
and display the results of the mode transformation was the
Power Spectral Density (PSD). This is a common and widely

used method to examine the frequency content of a signal and
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it has the additional virtue of providing a clear-cut graphic

display.

For the purposes of the LWFC Program the PSD was calculated in
blocks of four seconds which at a rate of 128 samples per second
corresponds to 512 samples. Each set of 512 samples were
Fourier transformed to produce a set of 256 complex values

which represent the amplitude at 256 equally spaced frequencies.

The frequency increment (Af) is

-

Af = (47)

2

At

where N is the number of samples (512) and At is the sample
- interval (1/128 second). Since Af is 1/4 Hz, the highest
frequency, (F), (the Nyquist frequency), is:

F =<¥>Af = 64 Iz (48)

The Fourier series for each record is multiplied by its complex
conjugate and scaled by Af to yield the PSD. The PSD gives
the mean square acceleration per Af which is defined as

Gi (1 =1, 2, ..., 256) for cach Af. An average PSD is cal-
culated by adding the calculated Gi for each second data
record on a bin-by-bin basis and dividing each bin by the
total number of records stacked. The PSD estimate is then
plotted in a linear-linear graph as shown in Figure 4-2.

Note that the abscissa has a maximum value of only 30 Hz as
compared to the maximum realizable frequency of 64 Hz. For
this test program, only the frequency band between 0 and 30 Hz
was of interest and the data was heavily filtered above 30 Hz.
The scale for the ordinate is given by the value YMAX which

1s in units of gz/Hz, and is the maximum value of the ordinate

(the minimum is zero).



YMRX

Integration of the PSD yields the mean square value, and the
square root of this quantity is the root mean square (rms).
This integration is accomplished by numerical means and since
Af is constant, the value of rms acceleration z may be

rms
expressed as

- 3 49

z.ne = (BEZG.) (49)
i

This summation is performed only over the frequency band of

interest (0 to 30 Hz).

A simple example, used to verify the software, illustrates
the utility of the PSD. For this purpose, a sine wave was
artificially generated with a peak amplitude (A) of 1.0g
and a frequency of 1.0 HHz. The PSD of this signal is shown

in Figure 4-21.
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Figure 4-21. PSD of Sine Wave

The rms value of a sine wave is the peak amplitude over the
square root of two. Furthermore, because there is only one
non-zero G, in the PSD of a sine wave (that Gi which is

associated with the Af or bin in which the frequency of the

wave falls), the above equation yields

G = A%/ (24€) (50)



The values of A(1.0g) and Af(%Hz) result in a value of G

which in this case corresponds to YMAX in Figure 4-21.
G = YMAX = 2 (51)

This value agrees to four places with Figure 4-21, This
demonstrates how a PSD may be interpreted to provide an
estimate of the predominate frequency and amplitude of an

arbitrary time series such as a mode acceleration history.

An example of a typical result obtained during the LWFC
Program is shown in Figure 4-22, where three modes of a flat-
car are shown. The bounce mode is characterized by a narrow
band signal and two peaks. The predominant peak at 2.75 Hz
coincides with the natural frequency of a spring-mass system
with mass and spring constants eauivlent to those of the car.
The first bending mode has a narrow band of activity at 3 Hz.
This coincides with the natural frequency of a uniform beam
equal to that of the car. The bending energy around 20 Hz

is due to a number of contributing causes. Among them is the
method of sampling which did not provide for simultaneous

sampling of all channels.

This may be due to a third bending mode since the first and
third modes are odd functions; also, the third bending mode
would theoretically 1lie in the region of 20 Hz. The pitch

mode shows the widest band response but does possess a pre-

dominant frequency in agreement with a spring-mass model.

The preceeding has dealt with a PSD which is the average of
data over an entire test zone. This encompasses between 100
and 600 seconds of data depending on speed and test zomne
length. A logical question arises: Is this a valid average?
One way to address this question is through a time history

of the rms value. For this purpose, a graphical display of
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of rms acceleration history was developed which showed not
only the rms value of the entire frequency band of interest,
0-30 Hz, but also the four octaves in the 0-30 Hz band. The
four octaves are centered at 2, 4, 8, and 16 Hz. Table 4-38

summarizes the lower, £ center, fc’ and upper frequency, f

1’ u’?
of each octave.
TABLE 4-9
OCTAVE FREQUENCY SUMMARY
OCTAVE fl(Hz) fC(Hz) fu(Hz)
1 2.33 2.67
2 2.67 4 5.33
3 5.33 3 10.67
4 10.67 16 21.33

NOTE: Octaves were sclected at random to cover as much of the 0 to 30 Iz
band 15 possible. '

The software was designed to calculate the rms value of
acceleration over time periods of multiples of the basic 4-
second data sample block (512 samples at 128 Hz). This
provides the ability to filter or smooth the histories to

provide a clear account of events within a test zone.

An example of an octave rms history obtained during the OTR
test series is presented in Figure 4-23. 1In this case, the
interval of time over which the rms acceleration is calculated
is 20 seconds or a sub-average of five 4-second PSD's. For
this reason the curves begin at 20 seconds rather than zero.

Note also that there are five curves each labeled with an

integer between 1 and 5. The first four correspond to the octave

numbers given in Table 4-9. The curve labeled 5 is the rms
history of the entire frequency band of interest, 0-30 Hz.
Immediately below the rms history plot a similar history of

speed 1s also given.
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This particular example illustrates several points determined
from the LWFC Program. First, the instantaneous PSD does
exhibit some variation with time, a feature which is not
evident in the average PSD. Second, the signature or character-
istic profile of this PSD does, for the most part, remain
constant with time. This is illustrated in Figure 4-23 where
the relative importance of each octave is generally the same
throughout the test zone. Octave 1 in particular remains
dominent and its history follows very closely with that of

the wide band rms acceleration. Third, the magnitude of
acceleration can be shown to be directly dependent on speed.
For example, at 170 seconds,speed is a maximum; the accelera-
tion is also a maximum. This relation was observed throughout
the LWFC data.

One additional presentation of the data, which was useful
during the LWFC Program, was the Probability Density Function
(PDF). Although the PDF is perhaps not as powerful as the
PSD in terms of providing analytical insight, it does aid in

the assessment of the meaningfulness or validity of the data.

The first step in the calculation of the PDF which strictly
speaking is an estimation, is the sorting or classifying of

gach discrete value of the mode acceleration time series,

Xj’ by amplitude. The result is a histogram which may be
thought of as a vector, Hi’ with each element representing

the number of occurrences falling within an assigned incremental
range. The incremental range of each element is referred to

as the bin width, W.

W= (Amax - Amin

)/N (52)

where N is the number of uniform bins and Am and A are

ax min
the expected (or known) upper and lower limits respectively
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of the entire set of data.

Thus, Hl is the number of times that a mode acceleration

sample, Xj satisfies the condition

Amin hl Xj < Amin (53)
In general, Hi is the number of occurrences for which Xj
satisfies the condition

A .+ (1 - 1) W <X, <A .+ iW (54)

min min

J

Following the completion of the filling of the vector Hi’

it is divided by the total number of data samples observed
N = I (55)

The probability vector, Pi is obtained from the expression

P; = H;/N (56)
The probability density vector, Di’ is obtained by dividing
each probability P, by the bin width W.

D; = Pi/w (57)
Thus, the probability density estimate indicates the percent
probability of the acceleration amplitude lying in a given
incremental range. Note that by the above definitions, the
area under the PDF is equal to one which simply means that

all data in a given set have been considered.
The PDF estimate, an example of which is shown in Figure 4-24

is useful in determining absolute maximum acceleration and

relative severity. The PDF can also be used to ascertain
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the validity of the sample length. That is, from the Central
Limit Theorem it is known that the PDF of a set of independent
random variables will be asymptotically Gaussian or normal.
Inspection of the shape of the PDF estimates can be qualita-
tively used to determine if this condition has been met.
Figure 4-24shows a PDF estimate obtained from actual data

and an ideal normal distribution calculated with the same

mean and standard deviation.

The standard deviation, o, is calculated from the expression

mfm)2>/mau

Q
(3
i
——
T‘t\/jz E:bvq:z

where TR Xi/N

The 95 and 99 percentile levels, denoted Lgg and Lgg
respectively, are determined from the probability vector as

follows:

Lgs Lgg
0.95 = 25 p. and 0.99 =:S P,
1 1
i=1 i=1
sy 2) 2
2 - ”@Xi><2%>
N(N-1)

These percentile levels are useful in estimating the extreme
of the mode acceleration history. This information can be used

to assess the effect of impacts occuring during operation.
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5.0 CONCULSIONS AND RECOMMENDATIONS

5.1 GENERAL CONCLUSIONS

The modal analysis of the output of an accelerometer array

has proven to be a valuable technique for the study of elastic
structures under actual operating conditions (in particular
rail vehicles). Modal analysis, by its very nature, indicates
the natural modes of the structure (the six rigid-body modes
and the elastic-body modes). lLocally measured accelerations
are difficult to interpret, but when transformed into kine-
matically equivalent modal components, the difficulty in
interpretation is greatly simplified. Modal accelerations

are easy to visualize and as such engage the dynamic analysts
power of conception and intuition. Modal analysis may well

provide the most direct method for understanding the dynamic
response of an elastic structure.

Another advantage of modal analysis is that it provides an
objective and complete comparison of the dynamic response of
structures which are markedly different is design. The Light-
weight Flatcar Program summarized in Section 4.0 1s an example

of the use of modal analysis. A major objective of that program
was the comparative evaluation of a radical new flatcar design,
in which the major longitudinal members were outboard, with a
conventional and time-proven flatcar design having a single beanm
on the centerline. Even though the new cars were uw to 28 mercent
lighter, they proved comparable in most respects. In particular,
the accelerations imposed on the lading were comparable. The
local-to-global transformation of modal analysis suppressed

the effects of accelerometer placement and yielded a unified
assessment of dvnamic response independent of structural con-

tiguration,

A third feature of modal analysis is that it permits the con-

struction of an acceleration [ield for the structure. If this



predictive property is used to prepare contour maps or three-
dimensional pictorials of the acceleration field, the results
are accessible to a broad range of the technical community and
its customers. Questions such as the optimal locations of tie

downs for lading are easily and directly answered.

It is of interest to note that by straightforward integration

of acceleration, velocity and displacement fields for the
structure may also be mapped. These variables, along with
acceleration are of general interest and are not easily obtained
by other means. Simultaneous acceleration, velocity, and dis-
placement data are of central importance to the designer of such

things as protective packaging.

Certain technical skills are prerequisites to the application

of modal analysis. Rut such conceptual and mathematical skills
are well within the grasp of structural designers and also of
civil and mechanical engineers. The need for skill of a broader
kind will be presented in the following recommendations.

Studies have shown that it is useful to partition a structural
system into subsystems each having its own coordinate systen

and its own set of modal accelerations. Important mathematical
and conceptual benefits can be thus derived in the case of
applying linear system analysis to explore the interdependence

of the subsystems.

The general approach to modal analysis has been formulated in
Section 2.3. The notation will be helpful in writing descrip-
tive equations for various applications of modal amnalysis.

However, the user may see fit to simplify it in special cases;

he will not have the need to enlarge upon it.

Finally, it may be concluded that the choice and design of the
output format is as important as the application of modal
analysis methodology in the successful accomplishment of program

objectives. This is true because any investigative project,



such as the LWFC Program, must provide information in a form
that provides insight to the analyst. The output format or
any other machine/analyst interface must enable the analyst
to come to grips with and extract meaning from rather complex

and sometimes voluminous datd

5.2 RECOMMENDATIONS ON PROJECT DESIGN

Modal analysis is very useful in any experiment that involves
many independent parameters. In the LWFC Program, for example,
independent parameters included vehicle type, lading, speed,
track condition, and accumulated mileage. As a result there
were 330 possible combinations of these parameters in the RVT
series alone. The OTR test series adds over 200 additional
conbinations for a total of well over 500 situations from which
the effects on vehicle dynamic response must be deduced. Tt
should be obvious that some care must be exercised in the design
of the experiment to avoid burying the facts in data. Therefore,
during the design of a project, such as LWFC, it should always
be kept in mind that too much information, even information of

exactly the right kind, can be a hinderance.

In the design of a project care must be taken to ensure that

the questions posed can be reasonably answered within the scope
and framework of the project. As a corollary, non-productive
questions must be avoided. These will not only absorb limited
resources but can, in fact, confuse important issues. It should
be recognized, therefore, that modal analysis can serve as a
useful tool in dynamic analysis but does have inherent limita-

tions as do all analytical techniques.

As was mentioned on numerous occasions,modal analysis is most
effective when sufficient preliminary groundwork has been laid.
This may include analysis, computer simulation or even scale

modeling. One potential useful approach would be a preliminary



test on a similar structure. In the analysis of rail vehicles,
it is recommended that the companion volume of this report

(Reference 1) be consulted.

The output format is of singular importance. In the LWFC
Program, the average Power Spectral Density (PSD) was found to
be quite useful. It might be helpful in future efforts to
develop formats that would allow inspection of these results

by superimposing the PSD plots. This has been done on at least
one other study of dynamics and was found to be very helpful

in analysis (Reference 2). A second format which was a great help
in evaluating the data was the octave rms history. This data
display allows an assessment of the stationarity of the data
while at the same time providing an estimate of the amplitude
and frequency content of the signal. Thirdly, but to a iesser
extent, the Probability Density Function can be useful in data

analysis,

In order to achieve an optimum machine/analyst interface on
output, the output format and even the entire software package
should be designed, in effect, backwards. The question to be
posed is: What does the analyst need and what is the best
means of displaying it? In addition to this, there 1s one
thing the analyst needs and that is processed information as
soon as possible in order to provide the feedback required

in the modal analysis methodology (see Section 2.4). This, of
course, means that the software must be developed and verified
early in the project. The use of sinusoidal pseudo-data was
found to be useful for software check-out. In conclusion, the
development of software and data display should at least keep
pace with instrumentation design and testing to make optimum

use of the modal analysis technique.
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5.3 RECOMMENDATIONS FOR INSTRUMENTATION DESIGN

Before designing and implementing an instrumentation and data
acquisition system, it is advisable to make a complete error
analysis. That is, the analysis should be complete in that
every component in the data stream should be included, but a
relatively simple analysis (such as rms error) will suffice.
The result of this analysis will direct attention to those
areas or components which degrade system accuracy and may
suggest the special calibration procedures or coméonent

matching techniques which should be employed.

From the LWFC Program, two specific areas which require a

great deal of attention were identified with respect to the
application of modal -analysis to the data. First, modal analysis
is a procedure that depends inherently on the differencing

of data signals. Phase and amplitude matching become very
important. Although the matching of gain characteristics

is often noted, phase matching often is as neglected. It

can be shown that the percent error (E) due to a phase shift

(¢) over a single period of a sinusoid is given by the expres-

sion
E = 2 sin (¢/2).

From this expression, it is found that the relatively small
phase angle five degrees, which represents only a one percent
error in the 360-degree period,results in an error of 8.7
percent, This is a significant contribution to the overall
error of the system. Phase shift also results from time delays
incurred when sampling several data channels in series. For
example, a time delay between samples of one millisecond (1kHz)

causes an error of 18.8 percent in a 30-Hz signal.

It should, therefore, be apparent that phase as well as

amplitude matching is necessary in the measurement of linear



acceleration data which is to be transformed to mode accelera-
tion. It should be equally apparent that sampling should be
done simultaneously on all data channels. This is easily
accomplished using multiple analog to digital converters which
are becoming very cost effective or by using sampie and hold

amplifiers.

The second finding of the LWFC Program which will benefit other
investigations into the dynamics of rail vehicles is that the
acceleration levels in the 0-30-Hz frequency band do not
increase dramatically with frequency. Thus, above the carbody
primary suspension system, the use of the low-frequency, 1.6 Hz,
filter is not required. 1In a similar study (Reference 2) this

was, in fact, found to be true for frequencies up to 128 Hz.

The acceleration environment seen at the axle journal bearing
may require some further low-pass filtering but probably

above 10 Hz. Again it is recommended that phase matching be
carefully considered since it may be of interest to estimate
the relationship between axle and carbody accelerations. The
use of mechanical isolators will, of course, enter into this
since they were found to be almost an absolute necessity during

the LWFC Program.

5.4 RECOMMENDATIONS FOR FUTURE WORK

During the course of the Lightweight Flatcar Program, certain
of the details were dealt with pragmatically in order to
accomplish program objectives in the most timely and cost
effective manner. There are a limited number of areas for
potential improvement in the application of the modal analysis

methodology presented in this report.

The first area for improvement would be in the expression of

the mode shape function. It was found that two members from



each of the nine elastic families, one odd function and one

even function, could be accommodated with little difficulty.
That is, the use of higher order polynomials did not require
further analytical groundwork only computing power. Therefore,
depending on the nature of the body or structure of interest,
some additional work could be done to express the mode shape
functions more efficiently to reduce the required computations.
For example, the use of Fourier series may reduce the residual
error without increasing the need for computations. There are
indeed other functional expressions which may be used to
advantage depending on the structure. For example, the
Tchebichef polynomial possesses the unique property of evenly
distributing the error thus reducing the required number of
terms to achieve a given accuracy. Additionally, 1t appears
that the choice of limited polynomials, binomials and tri-
nomials may offer the possibility for the inclusion of four
members from each family with a bare minimum of analytical
difficulty.

Finally, the specification for redundancy should be more
carefully considered. At some point,diminishing returns will
be realized with increased instrumentation. Therefore, cost
benefits in terms of achieved accuracy should be evaluated.
This may require an in-depth analysis using information theory

as well as other more economic considerations.

Summarizing, the use of modal analysis provides a powerful
tool in the study of the dynamics of an arbitrary body. By
careful planning and design as well as sound engineering
judgement, a great deal of insight can be obtained which 1is
potentially beneficial to a wide range of people including

designers, operators and owners of vehicles.
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APPENDIX A
LWFC DATA PROCESSING SOFTWARE

A.1 DESCRIPTION OF OTR/RVT1/RVT3 PROCESSING
SOFTWARE (PROGRAM MODULLS) |

A.1.1 MAIN DRIVER AND SETUP ROUTINES

LIP - Main driver
MXN - Reads and unpacks data tape.
DUMP - Removes bias, saves data on disk.

TOTLE - Prints title.

A.1.2 CARBODY ROUTINES

TOQS - Forms preliminary X-matrix.

CAR - Reads cards, controls carbody processing.

QINV - Prints dead channel information.

QAZ - Controls computations leading to determination of
modal coefficients for vertical acceleration.

SET1 - Forms X-matrix and determines (XTX)—IXT.

MINV - Computes matrix inverse.

ACF3 - Applies inverse filter (fc = 1.6 Hz).

FNDA - Solves for the modal coefficients for vertical
acceleration.

RES1 - Computes residuals (vertical acceleration).

HELP - Plots observed data and residuals (vertical acceleration).

A2C - Converts modal coefficients to coordinates (vertical
acceleration).

MCOR - Computes PSD's and power levels of modal coefficients
(vertical acceleration).

MODL - Plots PSD's, print power levels, computes mode
shape coefficients.

TITE - Determines plot titles.

LLAT - Does longitudinal and lateral processing, plots
PSD's of coordinates.

RES2 - Computes residuals (longitudinal and lateral).

ELP2 - Plots residuals (longitudinal and lateral).

DOE - Discards observed data.



A.1.3

SDS
LDCH
LD2
SD1
ACF
SPWR1
P2B
CKM
SPWR

A.1.4

AXL
SPEC

ACF4

A.1.5

PROG
ZXS
ZTITL
HGDMP
OMS
STAT
SFLT
STTD
SSCL
STD1
SPLT
SPUM

LOADS ROUTINES

Reads cards, begins load processing.

Prints dead channel information.

Forms X—mafrix and determines (XTX)—IXT.

Controls further computations, computes residuals.
Applies inverse filter (1.6 Hz).

Computes PSD's of observed data or residuals.
Plots observed data and residuals.

Performs coordinate computations and prints results.

Computes PSD's of coordinates.

AXLE ROUTINES

Performs axle computations and prints results.

Computes PSD's of coordinates.

- Applies inverse filter (1.6 Hz).

STATISTICS ROUTINES

Controls statistics routines.

Performs zero crossings statistics.
Determines zero crossings page header.
Prints zero crossings histogran.
Creates octave band RMS plot tape.
Controls general statistics processing.
Determines maximum and minimum array values.
Computes histogram values.

Determines histogram bins.

Computes statistics.

Plots histogram.

Prints statistical summary page.



A.2 MAIN DRIVER AND SETUP SOFTWARE

A.2.1 FLOW CHART

START

MAIN
DRIVER
(LIP)

MXN

> 0 (DATA DEMULTIPLEXED
LOP TO DISK)

i= 0

READ AND
UNPACK
DATA FROM
TAPE

REMOVE BIAS,
OUTPUT DATA
TO DISK
(DUMP)

PRINT
TITLE
(TOTLE)

ICAR

e
o

CARBODY
PROCESSING

J \
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=()
>0
DO

CARBODY
STATISTICS

Ii;ii/////=o

>0
0

D
LOADS
PROCESSING

>0

LOADS
STATISTICS




TAXLE

>0

bo
AXLE
PROCESSING

IPRO

(1,3),(2,3)
OR (3,3)

>0

DO
AXLE
STATISTICS

STOP



A.2.2

ICAR
ILOAD
IAXLE
IPRO

LOP

TITLES
IFILE
IREC
NOREC
NREC
NCHAN
MOVE
ICDHD
IBUF
KAREA
IWORK

SYMBOLS FOR MAIN DRIVER AND SETUP ROUTINES

Flag to do carbody processing.

Flag to do loads processing.

Flag to do axles processing.

Flags to do zero crossing, octave band, RMS and
statistics processing.

- Equals zero if data is on tape. Greater than zero
if data is demultiplexed to disk.

Titles for printout.

Beginning file number.

i

Beginning record number.

- Number of input data records.

- Number of output data records.

- Number of channels on tape.

- Channels to use.

- Header card for output.

- Buffer to receive tape data.

- Buffer where tape data is unpacked.

- Buffer for unpacked data arranged by channel.
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FROGRAM LIF
MARIN DRIVER PRUGEMM FOR LWFC PROCESSIMG

DOLUBLE PRECISION TITLES

DOUBLE INTEGER ISEC®. ISECL. ISECEZ, [SECD

INTEGER RES
COMMOM-RZBLCKLIORKL (5141, WORK2(S14) , UXC (512,37 - SCALED(LE )
1IBLEC?L68Y, IVEC(512,167,L00D(2, 41, SPRCEC? 8y 41« IRBC(2) LB, LE;s IACF .
SNTOC, NSTE MBEC, ILOAD, ITCHDBIE 23« XH(S, P, 41, ICHAN, NCHAN, IGNORE(11a1)
COMMON-BZBLCK-ISMAL (84810, [ZTITL(GE ), INTITL(24)  INTITL (487
1, ICDHECAB ), THDC 450, [DUMLS2)

COMMON-CZBLCK- ICAR, RES(23, MEL (33, ELZ2. PM{2Y F2T. ZSCALE(LT I,
1 IPEOCE.3) . IREC, MORELC, MREC . ISEC®, ISECL . ISEC2, 1SECT, MCUT™)
COMMOM-DZBLCK %017, 30, Y0173, 2017,3)
COMMOM-BETIT-TITLES(4. 71, UEC{Z2)

FORMAT (1315

FORMAT (4252

RERAD{Z, 12, END=100@1 ICAR. [L0OAD. I6xLE, IPRO.LOP

CALL M=MOLOP)

RERD{Z.2@3 ICDHD

call TOTLE

IFCICRRYZ2: 4,2

CALl I0ORA(T.32,8)

CALL TORACS. 208,00

CAaLlL Toas

chRLL CRR

IFCIFROCL 10+ IPROCE. 13+ IPROCE, 1), ME. G 3 CALL. PROGIL:
IFCILOADIS . 6.5

CONT IMNUE

CALL [ORAC1E, 36,80

CALL [0ORA(S,.200,.6)

CALL SDSINTCC, JRES?

S CALL TORACG, 198,91

CALL I0ORACT:19%:9)
CRLL IORALS,.201.0)
DO 22 IK=LE:LE
CALL SD1¢IE. JEES:
IFLJRES) 2@, 26. 230
CONTIHUE

CHLL PEECHTCC
CONTIMUE

CALL I0ORAC1E, 200,87
CaLL IORR(7:39.9)
CALL CEMIMTCC:
IF(IPROCL .20+ IFROC2: 23+ IPROIZ:. 2 . HE. @3CALL PROGIZ)
MNOREC=0
IF(IBNLEIT:8: 7
COMTIMUE

CALL I0RACLE, 30,0
CHLL TORACY,. 200,20
CaELL Al
IFCIFROCL, 20 +IPRDCE. 23+IPROM3Z, 30 HE.©) CALL FROGIZ)
COMTIMNUE

STOP

COMNT IHUE

STOP 7

EMD




SUEROUT INE MxMNOLOP3

MEY N
UNPACKS THFE - IMNPUT DATH PACKED EUERY 12 BITS
CAN READ TAPES UP TO 128 CHANMELS

INTEGER RES
DOUELE IMTEGER ISECQ. [SEC1. ISECE, ISECS.
1 LSECe, LSECL . LSECZ, LSECSE
DIMENSION [HDR(392
COMMOM-AZBLECE./ TIWOBK{ 27E72 1
COMMON-BZBLCE TBUF (48951  MOUE (431 . TAX (31 « KARER {38346
CUHMUNKCZELEKJRLHH RES(Zy s MCL(3), ELZ,PRI(2) s F2T . Z5CALECLTY,
1 IPRDCZ, 30 IREC, NOREC : MREC, ISECS, IDECl'ISEELIIQEi SICUCT)
DATH IH IB, IC, 1Dy IE IFF, IS/5¥@, 1,10~
18 FOEMAT 2@14:
15 FDEMHT' 1HL, » B, 4HFILE ¥, EHREC 1,4, 5HN. REC, 4=, SHN. OUT .~
148X, IG5}
5 FORMAT (X BHSTRRT s 2417 287 0 2 7o, SHEND EX 417 20
20202 FOEMAT(1H 19K, "MREC- = ", [5)
21 FURMAT (S, BHNL. REC, 15 5%, SHM. OUT, 53
17 FORMAT{16(2x. 1402
55 FORMAT (45X 11HTRPE HERDER: .~ 5X, 3962
READ(2, 1@, EMD=12e@) IFILE, IFEEC: NOREC,, NREC , NCHAH
FRIMT 15, IFILE, IREC, NOREC MREC MCHEN
IF (HCHAN.LE. @) MIHAN = 124
ISECG=1
CALL DI‘ IHTH”};. 27B4, IZECS: LSECS,. MEEC)
FRIMT Z@2es, NREC
ISEE1=L5EC@+1
CALL DKIMT(1,8192, ISECL . LSECL, MEEC)
PRINT a@2e2, NREC
[SECZ2=LSECi+1
CALL DRIHTf_ TEEE, ISEC2. LSECZ, NREL)
PEINT 2022, HPEI
ISEC2=L 5ECZ+1
CALL DEIMTC(3,512, ISECS.L5ECS  MREC)
FRIMT 222 MHEEC
PRINT &, ISECS, ISECL. ISECE: [SELCS,

1 LSECE. LSECL, LSECE, LSECS
MOREC=FLOAT{MREC 1¥512. 3@,
1F{MOREC. GT. MOREC+1 INOREL =MORECH1
MOFEC=FLOAT (HOREC 1 %30. ~512.

PRINMT 21.MNUORELC.MOREC
IF(LOF.MHE. 23 EETURH
CALL POPEM(IA. IC, 1D, IE. IFF, IS, 1B
READ(Z2, 1@, EMD=13@& 1 MOUE
PRIMT 17, MOVE
CALL MTOPEMIS. 192
| INEUT FILE CONTROL
IFCIFILE.LT.2Y GO TO 20
JF=IFILE~1
Do 20 I=1,JF
CALL. MTOPEMIZ.Z21)
26 CONTIMUE
2@ CALL MTOPEMIS.92
CaLl MTIOg. IHDE, 23]
IFIIEOFIE) . HE. @150 TO 11ge

nmonn
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INFUT EECORD COMTEOL
IFCIREC.LT. 2360 TO 50
JR=I1REC-1
DO 49 I=1,JR
CALL MTIO(8, IBUF,2973)
IF{IEQOF(8).NE.®)60 TO 1100
40 COMTINUE
5@ COMTIMUE
PRINT S5, IHDR
MREC=8
LOC=1
10@ CONTINUE
CALL MTIO(S, IBUF,2973)
IFCITEOF(S) . NE. 9160 TO 920
MREC=HREC+1
INDINC = (NCHAMK3)-4 + 3
IF (NCHAN.NE. 4XIMCHAN-4)) INDINC = INDINC + 1
INDx = —INDINC + 7
INTO = —NCHAN + 1
DO 200 K=1.30
INDK = IMDX + IMDIMC
INTO = INTO + NCHAN
CALL FIORCIBUFCINDX),@,12,@, 3,8, KARERCINTOY, @y 16, 12, NCHAND
200 CONTINUE
I = 3ekNCHAN
CALL PSRACKAREA, 1, KAREA, 1,4, 1, @)
MpO=30
MU=@ :
[FiLUOC+29, BT, S12)NDO=513~L0C
210 CONTIMUE
> IME=1
© DO Zee [=1,4%
e MDD =MOVE £ 13-+
' IROW=LOCH( [-1 3512
CALL PREL (KAREATINDX ) NCHAN: TWORK (IRGW) » INK,NDOs @3
300 CONTINUE
IF(LOC+29.1LT.512) 50 TO 318
CALL DUMP(LOC, MDO)
MU= [ 3@-NDO ) ¥NEHAN
IF{NDO.NE.29) 50 TO 218
319 CONTINUE
LOC=LOC+MBO
IF(MREC.LT.NOREC)EO TO 102
CALL PCLOS
RETLIRM
Se@ CONTINUE
CALL PCLOS
STOP
1868 COMTINUE
CALL FCLOS
STOF 1
1108 CONTIMUE
CALL PCLOS
STOF 2
END




46

SUBROUT INE DUME (LOC, MDD

DIMENSION Z(2)

DIMEMSION POJNT(S123
COMMONSZBLCK.~ TIWORE ( 27672)
COMMON-BZBLCE- 1BUF (84810, [ZL (663, [YL(24), IXL(48), ICDHD4@) , THD(45)
EGQUIUALENCE ¢ 1BUF, POJNT)

DATA JRECO. 0~

®=1.,512.

DO 4ee [-1,48

J=0I-1)¥512+1

CALL PCMELC IMORK:J), 1. POJNT, 2, 15,512, 0)
CALL PCONR{POJMT, 2%, 8:2,2,512,2,15)
CALL PSUBLZ,@, POJNT, 2, POJNT, 2, 512, 15)
CALL PCNFX(POJMT, 2, IWORK(J), 1, 15,512,903
CONT [MUE

JRECO=JRECO+1

CALL DKWR(1. IWORK(S79S),8192, JRECS, ©)
CALL DKWT( ISTAT)

CALL DEWR(Z. IWORK( 156897) , 7680, JRECS, &)
CALL DKWT( [STAT)

CALL DEWR{3, [WMORK (24577, 512, JREC®, @)
CALL DEWT( ISTAT)

CALL PREL( IWORK(1),1, [WORK(B809),1,5704,0)
0O 418 1=1,512

J=(1-131%17+1

11=1+2733

CALL PRELC IWORK(I17,512, IMORK(J),1,17,0)
CONTIMLE

CALL DEWUR(@: [WORK( 1), 8724, JRECG, B

CALL DKWT(ISTAT)

LoT=1

[F(NDO. EQL 3931L0C=—23
IF(HBD. ME. 30 NDO=20-ND0

CALL FCLEC ILORKL L) . 1, 25608, 8

RETLRM

Er



SUBROUTINE TOTLE
DIMENSION IZTITL(AE) . INTIT1(24), IKTIT1(43)
DIMEMSION ISTELI39), ISTR2(3%), ISTEI(39)
COMMOM-BZBLCE. TSMAL. (8481 0, IZTITLIES Y IYTITL (24)  IKTITL (48]
1, IZDHD (4@, THD 450
DATA ISTRL-1:7:13:19,25:31.37,43: 43,55, 1.7:13,19:25.31:61, 1.7, 13,
119,25:31,61.,1,7:13,19.31.1,7, 13,19, 31,1, 7+ 13,19- 31~
DATA ISTRZ-/19%1, 745, 79, 5X132. 517, 521~
DATA ISTRI~-Z41, 313, 2%25, 2K37, 3¥1, 3¥13, 25, 31 . 3%13, 25, 3¥1,. 2¥1 35,
DATA IZTITL-2HLO: 2HNG 2HI T, 2HUD, 2HIN, 2HAL » 4%2H  « 2HSH 2HAY, 3¥eH
12HBO, 2HUMN, 2HCE, 4%2H  «2HRO.2HLL . 3¥3H  2H P, 2HIT, ZHCH, 4%2H . 2H
2EHAM, 2H 1, 8HST. 2H By 2HEM, 2HDI , 2HMNE 24 2, ZHND2H B, 2HEN, 2HD T, 2HNG,
A2H 1, 2HST,2H T, 3HOR«2HST 2HON:ZH 2:2HHD: 2H T, 2HOR: 2H51: 2H0M. 24 L.
42HAT  2H B, 2HEM, 2HB T 2HMB-
DATA IYTITi-2HCAH, 2HE . 2HBO. 2HDY,
12H8 > 2H- »2HLO. ZHRD.
12HA S 2H-  2HEN 2HLE
12HBE, 2H—  2HRH, ZHLES
DATA IXTITi-S¥2H .2H 2HE S#2H . 3%2H  » EHRAs 2HD s 2HSE, 2HC
12HSE, 2HC «3%2H  «3%2H . 2H B:2H A 2HUN.2HIT2H D.2HIS2HF 2%2H
oo 1@ I=l.65
IETITLOI Y =T2TITICL
1@ COMTINUE
0O 26 I=1.24
INTITLOT )y =IWTITLCD
e COMTIMUE
DO 28 I=1.48
IXTITLCI ) =TTITLCID
2@ CONTIMNUE
PRINMT 1@
Do 49 1=1.33
IST1=15TE2(1]
TEML=1ST1+3
[5T2=1=TRLiI:
IEME=15T24+5
IST3=1STE2( 1)
IEM3=15T3+11
FRIMT 52,1, (I¥TITL(JY, J=ISTL, IEMLY, CIZTITLLIY, J=15TZ, IENZY,
10IRTITLOTY . J=15T3, IEMH3)
IF(I.EQ.18.0R. 1.E&. 24 PRINT 19181
IF(I.ER.17.0R. I.ERQ.22.0R. I.EG. 34y FRINT 20222
4@ COMTIMUE
PRIMT &8
100 FORMATL 1ML, 61X, *CHANNEL DESCRIPTION® ,
1103, *MODE? s 15%,. 'ENGINEERING UNITS 5.7}
@ FORMATI22x: 12, 110, 402 4, GRZ 5X. 12720
68 FORMAT(1HL)
18191 FORMATI 1M, )
20282 FORMATO1HS)
RETURM
END

IT-V

s 28, THUMBER” s 114, *TYPE’ 5

3
]
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A3

A.3.1

CARBODY SOFTWARE

FLOW CHART

CARBODY
PROCESSING

PRELIMINARY
FORMATION
OF X-MATRIX
(TOQS)

READ
DATA
CARDS
(CAR)

PRINT DEAD

CHANNEL

INFORMATION
(QINV)

QAZ

FORM X-MATRIX
COMPUTE
oxTxy - 1T

(SETI)

4

INVERSE
FILTER
(ACF3)

COMPUTE MODAL
COEFFICIENTS

FOR VERTICAL
ACCELERATION

(FNDA)

l
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RES (1)

>0

COMPUTE SPECTRAL MAGNITUDE
OF OBSERVED DATA, DO CAL-
CULATION FROM MODEL.
RESIDUAL IS THE DIFFERENCE.
COMPUTE SPECTRAL MAGNITUDE
OF RESIDUALS FOR VERTICAL
ACCELERATION.

(RES1)

PLOT
RESIDUALS
(HELP)

CALCULATE
VERTICAL
ACCELERATION
COORDINATES
(A2C)

CALCULATE PSD'S
AND POWER

LEVELS OF MODAL
COEFFICIENTS

(MCOR)

OUTPUT PSD'S AND POWER
LEVELS OF MODAL COEFFI-
CIENTS. COMPUTE MODE
SHAPE COEFFICIENTS (MODL)

l
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l

LONGTTUDINAL AND LATERAL
PROCESSING, PLOT PSD'S
OF COORDINATES (LLAT)

RES (2)

lm

RESIDUALS TOR LONGITUDINAL
AND LATERAL ACCELERATION
(RES2)

PLOT
RESIDUALS
(ELP2)

DISCARD
OBSERVED
DATA

(DOE)

RETURN
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A.3.2 SYMBOLS FOR CARBODY PROGRAMS
EL2 - Mass distribution integral.
PM(1-2) - Mass distribution integrals.
F2T - Mass distribution integral.

RES(1-2) - Residual flags for vertical accelerometers and
lateral and longitudinal accelerometers.

MCV, MCL are flags for plotting PSD's of modal coordinates.

ZSCALE are scale factors for the raw data input channels.
In working with the equations for vertical acceleration:

i (x,y,t) = A(t) + A (t)x" A, (t)x*
+ B_(t)x + B (£)x> + D (t)y
2 3
+ Dl(t)x y + Co(t)xy + Cl(t)x y

FX contains the X-matrix (dimension 12 measurements by 9
coordinates.

YZOBS is the observed data (in QAZ).

A(*,1) - A(*,9) are the modal coefficients A, Aj, A,

B,, By, D, Dy, C, C; (in QAZ).

X2X is X'X (in SET1).

QIXT is (XTX)'l

X (in SET1).
Z0BS is the observed data (in RES1).

ZSTAK are the stacked spectral magnitudes of the observed data
(in RES1, HELP).
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AA(*,1) - AA(*,9) are the modal coefficients (in RESI).

WORK1 is AX (later) are the spcctral magnitudes of the
residuals (in RES1).

WORK2 are the residuals (in RES1).

RSTAK are the stacked spectral magnitudes of the residuals
(in RES1, HELP).

A9(*,1) - A9(*,9) are the modal coefficients (in A2C).
AOUT (*,1) - AOUT(*,9) are the modal coefficients (in A2C).

AOUT (%,10)

io(t) bounce
AOUT(#,11) = first bending
AOUT (*,12) = &O(t) pitch

AOUT (*,13) =

o, second bending

AOUT (*,14) = éo(t) roll

AOUT (*¥,15) = B, second torsion
AOUT(*,8) = By first torsion
PM(1) = Ml/MO
PM(2) = M,/M_
F2B = -M,/M;
F2T = Hy/H
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AIN (in MCOR) = AOUT (in A2C).
ACPOW(*,1) - ACPOW(*,6) are the PSD's of AOUT(*,10) - AOUT(*,15).

CORFET(*,1) - CORFET(*,4) are the spectral magnitudes of

d’l} G‘Z, 82’ Bl-

XPOW(*,1) - XPOW(*,5) are the cross-spectral densities for

o A o B D C

1 20 % 17 %2 17 B 1> B1-

The mode shape function for the second bending mode is fz(x) =
x + blx3 (in MODL).

The torsion mode shape functions are ql(x) = x + clx3 and
a,(x) = 1 + d;x°.

C1

1]
O

VEC (1)

D1

]
[aW

VEC(2)

FFX 1is the X-matrix (in LLAT).

YOBS contains the observed data in Channels 13 through 17.

.6.
0

[l

AA9 are the modal coefficients: AA9(*,8)
AA9(*,7) now contains Bl

AA9(*,9) = B,

Solving B = (X'x) 'x%,
EF(*,1) = yo sway
EF(*,2) = &o yaw
EF(*,3) = X longitudinal acceleration

0O
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SUBROUTINE CARR
IMTEGER RES
DOUBLE PRECISION TITLES
DOUBLE INTEGER [SEC@. [SECL, 1SELZ, ISEDS
COMMOM-GZBLCE [LARGI 275720
COMMOMN-BZBL CE.- ISMAL (84641, IDEDCHCLT ) IZLIBEY s IYL(2471, TxLC48),
TICDHB 48  ITHD( 45
COMMEN-CZBLCK-ICAR: RESI2) . MOL (2) W EL2. PHi 21 FRT, ZSCALEL 173
IFROCE, 30, IREC. NOREC » WNRELC: ISEC®, ISECLs ISEC2, ISECIMCU(T)
COMMON-DZBLCE/ %17, 30, Y17, 35, 2017, 37
COMMON-BEKTIT-TITLES (4, 7). UEC(2)
CRLL I0RAR(T.38,0)

RERD PSD(RAW) FLAGS AND PLOT DELETE FLAGS

3

8T-V

14

20

REFADUZ,15) EL2, (PMiL1.1=1,2),F2T
READCZ. 11 (RESCI},I=1.22
BEAD(Z: 110 (MCUCIY, I=1.73, (MCLCT D, I=1,2)
FORMART (1&I2)

READIZ2: 153 (Z5CALECI . [=1.17)
FOEMART(SF1&. @)

CaLL I0RAR{S,.280,9)

CAHLL GIR

CALL GRZ

IF(RES{11y 1.3.1

COMNT IMUE

CALL RES1

COMT IMUE

CALL ICRACLE, 28,00

CALL TORACE. 200, )

CALL. I0RA(9. 281,63

CALL AzC
MLT=MCLCLI+HMCL (2 yHCL (3D
CALL I0ORA(S.201.2)

CRLL TORACZ. 20, @)

CALL MCORCHMLT)

IFCMLTY 14,268,114

COMT INUE

CRLL IORACS. 282, 37

CalL I0RALE.200.0)

CAaLL LLAT

Calll DOE

EETLIEM

EMD



61

SUBEQUT INE TORS
DIMEMSIOM K10513,%1151),21051)

CDHHDN/D‘;BLLL (1P 3), v {1730, 2017s 30

DATA *1.7.9512072, . 7S12575, . 5485412, . Q2162978 —. 5518563, —. 9493497 TLDXEE
1 q51;®” 4, .5492958, . @19366197, —. 5heBa48, —. 817443, —. H4Q195
2 ..934!.|54! @Jb;_‘.lgl:. gs
3 LIP3L481,. . 7O9R2TTE,. L 3666657 . Q1574874 -, 3671280, -, 9722222, TTH=
< L37214815, . 3652778, . 21388889, ~. 3675326 -. 7115741 . -, SaHe55a,

5 .988,.751,.6005,-.716, . 692,

= L97EETIR, . TEAS272. . SERITAR, . BOETI0T45, ~. 5691103, —. 9008853, TLD=®&1
7 .37811H7, . 5631288, . 987342254, —. 5626258 . 8083537 —. 9783702

8 .377,.734.—.0035, —.Ba3, . 716/

DATA rlﬁ—.QBEBB?BB,.@2@l2®|L-—.@?2183199—.@69164993—.@72183@95 TLDxB2
2—. 30350131, . 88243407, . 37168888, . 87817103, , 07168683, . 82112676,
3.28299739, ﬁ42!.@32!.®515.@ﬁ3-.1395
4 -, @BRITTTE, . 01412037 . —. 0927773, —. 03827708, —. 9382 7VTE, —. 03827778 TTHX
=P QQQETTTHA QARZTTTR, L B9HITTTE, . 08902778 . l4l£ DET, L BYOITVTTE.

5 L38, . @l:".a—.@;;:’_?s—-.@f_%'s Lai4,

7 -, 1823542, ~. 021128676, —. 87218318, —. 96931352, ~. 87218318, -, 1836217 TLDFG]
2 1@“11n.- 1?258612..@696689@;.ﬁqigqlcQ.—.QEllaﬁ?B,.B?EEBElE;

9 Le34, .032, .0b2, . @32, .02l

DATE Z1/12%0, , .B845, -, 08415, . 3156, —. @@44‘ @117, TL.DHEZ
2 13*@. - 0’31_1_1 3G . —. @028! GOL.I 3T, '\3@1 TTQ’

3 12%E. .. Qa47, . GO32, . OO5T, . 005, —. 0186 TLD¥E1
o= I=1.17

IP=1+17

[PP=IP+17

> 3==101)

#ils 1CIFD

A 1{IFF3

Yila.1 'llIJ

ViIs2 10

YOL.3

Zils1

ZflaE

Z(1,3)=Z1(IPF}
5 LDHTIHIJE
EETUEM

END
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SUBROUTINE QIMuU

COMMOM-BZBLCK- TSMAL 18464 Y IDEDCH {17y IZLIGEEY, IVL (29, I¥_(43),

1ICDHB 4a) , IHD( 45 )
FORMAT { 1H@, 1&x, ' DEAD CHAMNELS’ 4 )

FORMATC1H®, 15X, *HORIZONTAL  CHRNNEL

1FOR CREBODY® 3

FORMAT (15, "CH " 123
FORMAT (L7443

RERDR(Z2.51 IDEDCH

ICNT=@

PEIMT 15

DO 18 I=1.17
IFCIDEDCHC I EQ.a) B0 TO 19
PRINT 26,1

ICNT=ICNT+1

CONT IMUE
IFCIDEDCHCLT) .NE. @) GO TO 42
IFLICHT.ER.@) PRINT 25
FORMAT U150 *NONE "2

PRINT 3&

FORMAT C1HG, 72

ZONT INUE

RETUERN

g PRINT 45

0 TO 27
ErD

BAD,

WILL

NOT PROCESS LONG-LAT



SUBROUTINE QRZ

IMTEGEE DUM{17)

INTEGER RES

DOUBLE INTEGER ISEC®,LSECA, ISECL. ISEC2. [SEC3

DOUBLE PRECISION DNCAE(3)

COMMON-AZBL CK-ATS12, 1), YZOBS (17, 5121 « INEG( 24}

COMMON-BZBL CE/FX (12, 18) . BIXT(12,18), 5. IGENC 79821, IDEDCH(17) ,

112l (B&D .

1IVL (243, TR 48, ICDHD (4@, IHD(45)

COMMGN-TZBLCK- TCAR, RES (25, MCL (33, EL2, PM(23, FaT, ZSCALE(17) ,

1 IPROCE, 33, IREC NOREC  MREL, ISEC®, ISECL » ISECS. ISECS, MOV T
COMMOM-DZBLCE-X(17: 33, (17: 33,2017 3)
EQUIVALENCECACL, 13, DUMILY )

DATH ITARPEZ-9+, IPRIMT. 3, ICARDS 27, NI ~3.7, KDEL-1.7, [OW-921 6.
DATH ==Y

DARTA 7

DATA IR, IC, 1D, 1E, IF, ISUN, IB- 4%, 1,7, 0
DATA DMCRE-BHTLDHGZ26HTTAY,  » GHTLDXGL.

N=@
PRINT S00@&
HRITE (S, 6@@2 ) DHCARC ICAR) s (ZSCALECI) s I=1,17)
CALL SET1(KDEL?
MREC=NREC
CALL DEIMT(9,B8724, ISECH, LSECY, MREC )
o PRINT 41, SECS,MRBEC

1 4l FORMAT(SX, THLSECE =, 2. 116, 10H MEEC =:15:-.)
o CALL MTOPENC ITAPEZ, 193
= CALL MTOPENCITAPEZ, 37
C¥¥HE READ MEL HERDER FROM CARDS
CidEE WEITE NEW HESDPEE OM OUTFUT TRPE
CALL MTIOCITRPEZ, ICDHD. 859
CALL MTHAITC ITAPEZ, ISTAT, IWDS)
CHXIH PRINT NEW HERBER
WRITECIFRIMT, 5293 ICDHD

C .
Cxxdk WRITE Fx ARREAY OM OUTPUT THRPE
N CALL MTIOC ITHFEZ. . I0FH)

CALL MTWAITCITARPES, ISTRT.MADS)

C
CHEy OPEM THE APOLLD ABROY PROCESSOR
CALL POPEM{IA, IC, 1D, IE. IF, ISUMN. [B2
12 CONTIMNUE
DO 33 IK=1.MREC
READ A BLOCKE OF Z-DATA FROM DISE
CALL DEEDCE, R, 8784, [K. @7
CaLL DEWT(ISTAT:
IFCISTATIZE02. 20. Ja2
26 COMTINUE
Edxak FLOAT THE 2 DATA FROM THE & BUFFEER TO THE 7 ARER
N 25 I=1,17
2% CALL POWFL(DUMC I3, 17, YZ2OHESE( 1, 17,34, 15,5138, 6
IFIM.GT.9) GO TO 29
CRLL ACF3017,-5123
B0 TO 21
20 COMTIMNUE
CALL ACF3(17.512)
31 CONTIMUE

0




Dg 32 I=1,17
IFCILGT.12) B0 TOQ 44
IFCIDEDCHCI ) .EQ. O3 GO TO 44
CALL PMPY (YZOBS(I1,13.34.@.0,@,YZOB5(1,1),34,512: 15}
44 COMTINUE
CALL PCNFX(YZOBS(IS13:34,DUMCI}, 17, 15.512:83
32 CONTINUE
S0k MRITE THE 7 GQRRAY (INPUT)
CALL MTIOCITAPEZ, R, 8784}
CALL HMTWAIT(ITAPEZ, ISTAT. ID5)
CALL FPNBR(MRI)
k. WRITE THE A ARRAY (RESULT)
CRLL MTIOCITAPEZ, A, IOW)
CALL MTHWRLTCITAPEZ, ISTAT, TWDS)Y
MN=M+1
33 COMTINUE

S@en CONTIMUE
CAaLL MTOPEN(ITAPEZ, 173
CALL MTOPEMN(ITAPEZ. 13)
HRITECIPRINT 60913 N
=0 TO 43
CALL PCLOS
39oz PRIMT S@ez2
STOP 77
43 COMNTINUE
CcAaLL PCLOS
RETURM
S8 FORMAT(IL
’>_5®®E FORMAT (1M, 18HISTAT. NE. @)
v S@B3 FORMAT (164, 23HOUTPUT TRPE DESCRIPTION/10X.48R2/ 1
o BBeL FORMAT(BF19. 01
0o 521 FORMAT (20K, 15, 2X.13HS0LUTIONS PENFORHED
‘B292 FORMAT(1X, 14HCAR SELECTED RS, 3%, 21HACCELEROMETER SCAL IMG~
. 3EM,BF15.5)3
END
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SUBROUTINE SET1(KEDEL)
INTEGEER RES
DOUBLE PRECISION ®x2¥sD
DOUBLE INTEGER ISECe,L5SECS, ISECL, ISECZ, ISEC3
DIMENSION FX1(12.93
DIMENMSION L01@),M01a0
COMMONABZBLCK/FR{12, 1800 AIXT(12: 191 5. X2K1 (8, 9) . XEX (9, 9) .
LIGENCTET7?3, IDEDCH(L Y - IZL (65, IYL(E 41,1 L.(48), ICDHD (48 . IHD(45)
COMMONTCZBLCEAICARRES(2) MCL (S s EL2. FR(2) «F2T. Z5CALE(17)
1 IFROCZ, 37, IREC, NOREC . NRELC, ISECE®, ISECL, ISECE, IGECI,MCUCT)
COMMONADZBLCEA/X{1 7. 33V (17, 3. 2017, 32
EQUIVALEMNCE (FX,FX1}
FORMAT (1HG, -~/
FORMAT (14,3014, 63
Do s M=1,12
RI=X(M, ICAR}
TI=V(H,ICQE)
“iMyLy=1.
FhLM,LJ—nIYA
KM Bi=FLiM, 2IKF (M. 23
FX{My41=Fx (M 208F M. 33
FRIMGI=XI
FRiM:Bi=FRi{M, 211
FR{M.73=Y1
FX{M:B)=Fxr1
FAiH Sr=x15Y1
FiMh 1@r=FiM, 6141
I‘DP¥IIIHJE
o0 12 M=1,12
[FUIDEDCHOMY L ER. G B0 TO 18
DO € HH=1.1©
FARAL MM =8.8
COMTINUE
COMTINUE
MEI=%
DO 12 M=1,12
B3 12 I1=1.6
IP=1+3
IPP=1P+1
KLy IP =Fx (M, IFF)
COMT IMUE
o 13 i=1,12
PRIMT <4084, (FX1(I.J).,J=1,92
COMT IMHUE
PRINT Z65
JEL=1CAE
oo 2992 I1=1.9
Dag 999 K=1:9
AEZRT TS E2=E.aDa
oo jﬁS J=1,12
H yE =R KIHFS (T, TYEFROT KD
[ ’JI H 1HU:‘..
Do 15 I1=1.9
FEIMNT 4984, (E2x (101 -.J=1:53
COHTIMNUE
PEIMT 285
CALL MIMVORSK. 9, DL M2
Lo Ees I=1.92

M 214V




g Bes J=1,9
HEX1 (T Jr=02K (1, J)
8e8 CONTINUE
O 14 [=1,3
PRIMT 4@@4, (X2x1(1,d).J=1,913
14 CONTIMUE
DO 11 I=1,9
DO 11 K=1,12
QIXTIK. I7=0.0
DO 11 J=1.93
GIXT (K DY =QIXTCK, I 34+X2X1 01, JIRFX (K, )
11 CONTINUE
PRINT 505
DO 12iel I=1i,12
PRINT 4994, (QIXT(I.K),K=1,%)
1&181 CONTINUE
EETURN
END

Y-V
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SUBROUTINE MINU(AND. LM

A — INPUT MATRIX. DESTROYED IN COMPUTATION AND REFLACED BY
RESULTAMT INVERSE

N — GRDER OF MATRIX A

D - RESULTANT DETERMINANT

L — WORK VECTOR OF LEMGTH M
M — WORK UECTOR OF LEMNGTH N

DOUBLE PRECISION A.D.BIGA, HOLD
DIMENSION ACL),LCL),M0l)
SEARCH FOR LARGEST ELEMENMT
D=1.8
NE=~N
L0 80 K=1,N
NE=NK+N
L{Ky=K
MK} =K
ERX=NK+K
BIbA=R{KK]
DO 28 J=K,N
1Z2=Nx(J-1)
DO 2& I=K.N
1J=12+1
IF({DABS(BIGA) .GE. DRBS(ALTJI ) ED@

mg

OT 06 ))3J1(A(SBA.E

3}

L JAGIBISBAFI
BiGA=RCIJ}
LiKI=1
[rEa=Jd
CaOMT IMUE
INTERCHANGE ROLS
J=L (KD .
IF (J-K335.35,25
EI=K-H
DO 22 I=1.N
EI=KI+N
HOLD=—A{KI
JI=EI-K+J
AT =ACTL
ACIT Y =HOLD
INTERCHAMBE COLUMNS
I=M{EY
IF (I-K) 45,45,38
JP=M¥{I-13
DO 4@ J=1.M
JE=ME+J
JI=JP+]
HOLD=—-FC JKD
ACJEI=ACITS
ACTI ) =HOLE
DIVIDE COLUMM BY MINUS PIVOT (UBLUE OF PIVOT ELEMENT IS5
CONTRINED IM BIGAD
' 24 0T 06 192-E6.1.76. JAGIBI(SBR(F]
IF(DABS(BIGAR).GE. 1.8D-28) GO TO 48
D=2.8.
EETURM
Do e I=1.H
IFCI-KIiE@®, 5550
TE=ME+]

54

C




ACIKY=A0IK) ~ (~BIGAD
COMT INUE

REDUCE MATRIX
DO 65 I=1.N
[K=HE+]
HOLD=R(IK)
1J=1-N
DO 65 J=1.M
IJ=1J+M
IF(I-K)E@, £5, 80
IF(J-KIGZ1 65,62
KJ=1J-1+K

AT =HOLDXA (KT +RITIT)

COMTINUE

DIVIDE ROW BY PIUOT

K J=E-H

DO 7S J=1:N

EJ=KJ+MN
IFCI-K17a, 75, 70
ATKJ 1 =R(KJ}-BIGA
CONT IMNUE

PRODUCTS OF PIVOTS
RECIFROCAL

L=D¥BIGA

REPLACE PIVOT BY
A{EK»=1.8-BIGR
CONT INUE

FIMNAL ROW AND COLUMMN ARND

E=N
E=tE-13

1?@:12@;1@8

JR=MECI-17
DO 118 J=1,M
JE=J8+J

HOL D=/ JE
JI=JR+J
ACIEY=—/iJI
FACITYy=HOLD
Je=MUED
IF(J-K) 16,188,125
El=K-H

DO 138 I=1.M
K=K+
HOLD=HLET Y
JI=KI1-K+J
HLED»=—ALJI1)
AT y=HOLIX
=0 TO 19&
FETUREM

EHMD

INTERCHAMNBE
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SUBROUTINE ACF3{M,N)

DOUBLE PRECISION Al.R2, XCHN, X1,x2
DIMENSION xXMi{2@)
COMMEN-AZBLCK-A{EL12, 103, YZOBS(17,512) s INEB(24)
DATA A1, A2.XM1.-13. 318376H, 0. 92446525, 28Xa. ~
IN=1RBS (M}

IM=M

IF(N.GT. @) GO TO 26

Do 1e I=1,IM
XMLOD)=YZOBS( 1, 1I+YZ20B5( I, 1)-YZ0B5( 1,21
CONTINUE

CONT INUE

DO 4@ I=1,IHM

HCHM=XML {12

DO 3@ J=1,IM

X1=YZ0BS5(1,.J3

¥2=AL¥X{HL-ASKKCHND

YZOBS(T, JY=5H6L.(X2)

HEHN=X]

COMT INUE

APLCT Y=-THN

CONT IHUE

RETURM

END
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SUBROUTINE FNEA{MGEI)
INTEGER RES
DOUBLE INTEGER ISEC@.ISEC1. ISECS, [SEC3
IMENSION TQI(12,10)
COMMON-AZEL CK-A(S12, 10) . YZDBS(17,512), IHP(24)
COMMBM-BZBL CK-FX{12, 181, QIXT (12, 18), S, IGE(7982) , IDEDCH(17)
[ZL(EB),

TIVLC24), IXL (482, ICDHD (4871, [HD(45)

COMMON-CZHL CK- ICAR, RES(2),MCL (3), ELZ, PM(2) s F2T, ZGCALECL 7Y,
IPRO(3, 33 IREC. NOREC, NREC, ISECO. ISECL . ISECE, [SEC3. MCUC T

CALL PCLRC(A, 2,512, 157

DO 7@ I=1,NQ1

a ve J=1,12

TRICT: [ 1=Z8CALECI)KRIXT (I 1)

COMT INUE

DO 1@ I=1,NEI

DO 1@ K=1,512

DO 1@ J=1.12

ALK, D) =A(K: [ Y+TRI (T, [ 1#YZ0BS(J, K2

COMTINUE

RETLIRM

EMHD
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SUBROUTINE EES1

INTEGER RES

DOUBLE INTEGER ISEC®. [SEC1, ISEC2, 1SEC3

INTERER DUM

BIMENSION DUMOLZ2)
COMMON-QZBLCK-AR(B12, 90, ZOBS (12, 512) s RETRK (12, 257)
COMMON-BZBLCK-FX(12, 101, ORK1 (5141, HORK2(514), Z5TRK (12,257},
1IPLISC1I7 0, 12 (BB, INVL(24), IXL(48), ICDHD(48), [HD( 452
COMMON-CZBLCK- ICARVRES(Z2) , MCL (31, EL2, PMI23,F8T. ZSCALE(LT)
1 IPROC3s 32 IREC, NOREC . HREL, ISEC®, ISECL, ISECE, ISECS, MZUCT)
ERUITUAL ENCE (A8, DLt

DRTAR IEND-Z0810-

DRTA N-os

BATH IR, IS, ID: IE, IF, ISUN, IB-4¥0, 1, 7,07

SCARLE=, @e@5h24272

CALL MTOPEMN(S, 192

MHOI=9

ENT=921a

KOT1=21b

CALL MTOPEN{S, )

call MTIOCY, ICDHD. 85)

CALL MTWARIT(S, ISTAT., TWDS)

TFCISTAT.AND. IEHBY 1,1, 9¢@0

CONTINUE

CALL HMTIONS, Fx, KOT1?

CALL MTHURIT(9, ISTART - THDS)

IFCISTAT.AND. TERB) 9.9, 928

COMTIMUE

CALL POPEMOIA, IC. 1D, 1E. IF. ISUH. IB)

CALL PCLRIORSTRE. 2, 3084, 1517

Call. PCLROZSTAK. 2, 3084, 15)

CONTIMUE

EEAD Z0BS &ERAY

CALL MTIOOS. DUM. 8704

CALL MTHARITOS, ISTHT . [WDS)

IFCISTAT.AMD. IEMEBY 11.11.18e1

COMNTIHUE

DO 211 I=1,12

CALL PCHFLIDUMOI ). 17.20BS(1.13.24,15,512,8)

CRLL PMPY(ZOBRS(1.10,24,25CALE(]),@.Z0B5(1.13.24,512:15)
COMTIMUE

CRLL MTIOS. A5 EOT

CALL MTWSITOR, ISTART. INDS)

IFUISTAT.AND. IERDY 18, 1&, 1880

CONTIMUE

O 1&g I=1,12

COMPUTE SPECTRAL MAGHITUBE OF ZO0ES

CRALL PRELIZOBSCI.173,24,W0RKZ.2,.512.1)

CARLL PFFTOMCREZ, WEREL 9. 256, 130
WOREL(S13 7=l 0REL (2142, @

WOREKLIZ)=8.6

WORELIS14 =0, 6

WORELC1 ) =HORE L LYEZ.

CALL PHMPY(LOREL, 2, SCALE. 2, LORKL. 2,514, 152

CALL PCSHMOLWOREL . 4. WORKZ. 2, 257, 157

HWOREZLL 1=, &

CALL PADD(ZESTAECI 17,24, WOBE2. 2. ZSTAK (1. 173,24, 257 151
COMNTIMHUE




DO 111 I=1.12
Cxr COMPUTE ZCALC
CALL PREL(AATL1,1),2,WO0RKL, 2,512, 1)
DO S J=2.Nul
CALL PMPY(AARCL,.JY, 2 FXi1,J3, 3, WORKD, 2. 512,15
CALL PADDCWORKL, 2, WORKZ, 2, WORKL, 2,512, 15)
@ COMT INUE
Cxdoik COMPUTE  RESID=ZOBS-ZCALC
CALL PSUB(LORKL,2,2Z085( 1,1, 24, WORK2, 2,512, 15)
C¥kx¥ COMPUTE SPECTRAL MAGMITUDE OF RESIDUALS
CALL PFFT(WORKZ, WORKL, 8,256, 13)
WORKL (513 =WORKL (Z3%2. &
WORK1(23=0.8
WORK1(514)=0. 0
WORKL (11 =lW0ORKEL (1 1%2,
CALL PMPYC(LIGOREL, 2, SCALE, 8, WORKL, 2,514, 15)
CALL PCSMCWORKL . 4, WORK2. 2, 257, 15)
WORK2(13=0.8
Chka¥x STACK SPECTRAL MAGNITUDE ARBAYS
CALL PADD(RSTARE(I. 17,24, H0RK2. 2, RETRAKI 1. 11,24, 257, 15}
CHEEKE [NCREMENT STRCKING COUNTER
111 COMTINUE
MM+
GO TD S
1@6a1 COMT INUE
1@@G COMTIMUE
CALL MTOPEM(Z, 19)
CALL HELF(M)
50 TO &
9ERE CONTIMUE
= PRINT 2ol
{5 COMTINUE
W CALL PCLOS
< RETURM
aee FORMATIZ2IS)
@1 FORMAT(SF1G. @) /
POE FORMAT (1@, 30HVERTICLE ACCELEROMETER SCALING.E1S. 6.3
2@l FORMAT(1e,SSHEMD OF FILE ENCOUMTERED WHILE GTTEMPTING TO REGD HER
¥DER)
3002 FORMAT (1Es, ZEHINPUT TAPE DESCRIPTIONSL8X . 4002.-18%, 45027
SpEE FORMOTC1H1, 9%, 21HACCELEROMETER SCAL MG, 19EL18. 4300, 7F19. 4)
EMND

-
[t
el
P
[
-
-
e}
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SUBROUT INE R2C

INTEGER FES :

DOUBLE IMTEGER ISECO, ISECL, ISEC2, ISEC3

DIMENSIDON AS(512,93)
C?SMGN/QZBLCK/QGUTi51Es15)-NKiEElE);NKE(SiEB;IHD(BS);LDUM(EiE),IEU
. 9632

COMMOM-BZBLECK- TABC (B464) « IDEBCH(L73 . IZL (661, IVLL{24), IXL. (437,
LICDHD (4@, JHD(45)

COMMON-CZBLCK~ ICAR, RES(2) . MCL (3, ELE, PM( 8. F2T. ZSCALE(1 7,
1 IPR0O(3, 37, IREC. NOREC, NREC, I5ELS, ISECL, ISECZ . ISECE. MCUHT)
EQUIVALENCE(RDUT (1, 1)./9¢1, 133

EQUIVALENCE (A9, KDUM )

BAETA 1A, IC, ID. IE, IF, ISUNGIBA4REG, 1,18, 67

DRTA M. ITL, ITZ2, IEMD-©. 8.9, 28810~

CALL MTOPEMNCITL. 133

CALL MTOREMCITZ2, 192

CALL MTOPENCITL .9

Call. MTOPEMCITZ, 34

CALL MTIDCITL. ICDHD.B%)

CARLL MTWSITOITL, ISTAT,. IWDBS)

IFCISTAT.AMND. IEMD) 5.5, @00

5 CONTIMUE

CALL MTIDCITZ, ICDHD.B5S

CALL MTHAITOITZ, ISTAT .. MHDBS)

FaB=~FMI{23. PMI 11

FRINT 2132, FM.F2T,F2B.ELZ

EL5=32.174-ELZ

REAL PRAST F= ON INPUT TAFPE

EALL MTIOCITL.LDUM, 21510

CAaLL MTWARITCITL, ISTAT, IWDS)

IFCISTAT.AMD. IENBY 6.6, Da00
5 COMTIMUE

OPEN APCLLO

Cell POPEMOIAS IC, ID. IE. IF. ISUM, IB2
1 COMTIMUE

READ Z0BS

CALL MTIBCITL, A9, 87240

CAall MTHRITOITL, ISTAT, TWDSY
IFCISTAT, AND. TEND)Y 4358, 456, 499
450 COrT IMUE

CALL MTIOCITZ. /A2

CALL MTWAITIITE.

=1
5T 1D

47
T

U)

=
ISTH

READ ACS12. 912

CALL MTIOCITL.AE.52160

CALL MTHAITOITL. IS THl » DS

IFCISTAT.ARND, THDSY 7.7, 50
7 OCOMTIMUE

CALL PCLEUWER, 2512, 15)

oo 1a I=2.2

iMi=i-1




oo Omo;

CALL PMPY(A9¢1, 17,2, PMCIML), 8, WKL, 2,512.15)
CALL PSUBCNKL,2,lK2,2,.WK2,2.512,15)

12 CONTINUE

FORM Z-BOUMCE IN WK1=RZERD-ALPHARC1

CRLL PEUB(WEZ2,2,A3(1,13,2,WK1.2,512,15)

WRITE Z-BOUNCE AND ALPHA(LY TO OUTPUT ARRAY

CALL. PREL (WKL, 2,R0UT(1,1@3,.2.512,1)
CALL PREL (WKZ,2,A0UTC1.11),2,512,13
CAlLL PREL(P901,41,.2,WMKL.2,512.:11}

CRLL PCLRUWKZ. 2,512,157

CALL PSUBCHEL. 2, HEKZ2. 2, HEKZ2, 2,512, 15
CALL PMPY({A21(1,5),2,F2B: 8,1kl 2. 512,153
CALL PRDDOWKL . 2, HK2. 2. WK2, 2,512, 153
CRLL PMPY(HEZ.2,.ELG:3.HKZ2.2:512,15)
Call FREL(WKZ,2,80UT(1,12),2,512:.1)
CALL PREL(WEL.2,A0UT(1,131.2.512:1)
Call PMPY(RS(L. V). 2, F2T.8. WK1 . 2,512, 153
CALL. PABBIASNL &), 2 WKL 2, WES, 2, 512, 157
CALL PREL (WEKZ2.2.A0UTC1.14),2.512,.12
CALL PMPY(RDUTC1.140,2,ELE, 9, AOUTCL, 14),2.512. 152
CALL PSUBCWEZ.2,A301.61:2:WK1.2.512,15)
CALL FRELOWEL.2.A0UTCL,15), 2,512 1)
CALL MTIOCIT2, /A0UT . 153661

CALL MTWARITOITZ, ISTAT. NHBSS

MH=M+1

50 TO 1

CONTIMUE

COMT INUE

CALL MTOPEMCITL. 19}

CRLL MTOREMLITZ, 173

CRLL MTOPEMCITZ2.133

CAalL POLOS

RETURM

CONTIMUE

FIRITE(S, 38120

=TOF

3 FORMAT (4ELS.9)

FORMAT £ 4872, 48582, 521

aei FORMAT O Léed, ZEHINPUT TAPE DESCRIFPTION.LOX, 4002-10x, 45622

@52 FOEMAT (1€

L 2EHOUTPUT TRPE DESCRIPTIONS 18X 480218, 45R2-)
FORMAT ( 1&, 19HEOF O HEQRBER OF Fio

FORMAT (1%, 31HTHE MASS DISTRIBUTIOM IMNTEGRALS:GELS.B-73
EMD



SUBROUT INE MCOR(MLT)
INTEGER RES
DOUBLE INTEGER 1SEL®, [SECT, ISECE, ISEC3
DOUBLE PRECISION TITLES
COMMON/AZBLCK/AIN(512. 15) . FTW1(514) , FTW2{514) , XPOW(514,5) , CORFFT(S
.14, 45, IEX( 1004
COMMON.BZEL CK/RCPOW( 257, 7) s IEP{ 4866, IDEDCH(17), IZL(66), IYL(24),
11XL.(48),
1ICDHD(4@) , IHD{45)
COMMOM/CZBLCK~ [CAR, RES(Z2), MCL{3) » EL2, PM(2), F2T, ZSCALE(17),
1 IPRD(3,3) s IREC, NOREC, NREC, ISEC@, ISECL, ISEC2, ISECS, MCU(7)
COMMON/BKTIT-TITLES(4,7),UEC(2)
DATA 1A IC, 1D, IEs.IF, ISUN, IB 4%, 1,18,0/
DATA N, IT1, IDSK, IPRINT, ICDR, [END-@,8.9.3.2, 260810
DATA 1BIT Z0020.
SCALE=1. 4142136256,
CALL MTOPENE IT1,13)
IF(MLT) 13,43,13
13 CONTINUE
CALL MTOPENC IDSE, 197
48 MAXF=30
CALL MTOPEN{IT1,9)
IF(MLT) 8.47.8
& CONTINUE
CALL MTOPEML IDSK, 30
47 CONTINUE
CALL MTIOCITL, ICDHD,B5)
o CALL MTWAITCITL, ISTAT, IWDS)
. IFCISTAT. AND. TEND) 5. 5. 9000
w5 COMTINUE
W IF(MLT) 17,3.17
17 COMTINUE
CALL MTIOCIDSK, ICDHD, B5)
CALL MTLAITL IDSK, 1STAT, IWDS)
[F{ISTAT.AND. IBIT) 3,3.9006
3 COMTINUE ‘
: OPEN APOLLD PROCESSOR
CALL POPEMCIA, IC, ID: IE, IF, I5UN, 1B

4 CLEAR STACKIMNGE AREAYS
CALL PCLE(ACPDM. 2, 1799, 153
CALL PCLROXFOW. 2, 2578, 15

1 CONTINUE

READ AMND - WRITE 2

Dl

CALL MTIOCITL.AIN.B784)
CALL MTHWRITOITL, ISTAT: THES)
IFCISTAT.AMD, TEND) 24,24, 7208
24 COMTIMNUE
IFCMLTY 11,444,141
11 COMTINUE
CALL MTIOCIDSE, RIM. 57847
CRLL MTWAITCIDEE, ISTAT. IHDE)
44 COMTIMUE
Call MTIOCITL.AIN, 1536810
CALL MTHARITCITL, ISTAT. MWUBS)
IFCISTAT. BND, TENE)Y 2.2, 7@



C
C
C

Dye-v

mnn

oos

2 COMNTINUE
IFOMLT) 12.46,12

12 CONTINUE
CALL MTIOCIDSK,AIN(L,7).9216)
CAlL MTHAIT(IDSK, ISTRT, 1HDS)

BET P5D S OF MODAL COOR S — SAUVING BEFT S FOR XFOW

46 COMTINUE
DO 5@ I=1,6
IM=1.2
IF=1+3 ‘
CALL PREL(AIN{1, IP),2.FTH1,2,512, 1)
CALL PFFT(FTWL, FTH2, 8,256, 13)
FTH2(513) =FTWZ (21 %2.
FTW2(2) =@,
FTHZ(514) =0,
FTHZ( 1) =FTH2(1)%2.
CALL PMPY(FTW2, 2, SCALE, 8, FTL2, 2, 514, 15)
IFCCIP-23%2.0.EQ..IP) G0 TO 36
CALL PREL(FTWZ.2:CORFFT(1, [M),2,514,1)
36 COMTINUE
CALL PCSMIFTUE, 4, FTh, 2, 257, 15)
MI=2%1M
IFCMI-1) 4,74
4 FTH1(1)=0.
7 COMTINUE
CALL PADB(ACPOM(L, 1,2, FTHL, 2, ACPON(1. 11,2, 257, 15)
5o CONTIMUE

GET BETA-1 P5lr — SAUVING FFT
CARLL PRELIAIMCL, S, 2, FTHL,. 2,512,113
CALL PFETIFTWLFTWZ, 3. 255, 132
FTH2 (5131 =FTH2 (21 %2,
FTiZ2i21=0,
FTW2(EL4 =6,
FTH2I13=FTh2(1142.
CAlLL PMPY(FTHZ. 2, 5CALE, &, FTHZ. 2,514, 153
CALL FREL(FTH2.2,CORFFT(L.41.2,514,11
CALL PCSMIFTHE 4. FTWL. 2, 257,150
CALL PREDOACPOWNIL, V1,2, FTL, 2, ACPENC L. 7). 2, 257 157

MOW BET 5 =P S

DO 75 I=1.4

IPM=1+1

IP=Z41+1

CALL PRELCAIMOL.IF} 2, FTLL, 2,512,117

CALL FFETO(FTHL, FTHZ . @, 2k5, 130

FTLW2(E131=FTHZ(21%2.

FTHZ2(21=08.

FTWZ(E14) =8,

FTH2(L=FTlL2 (1142,

CRLL FMPY(FTHZ, 2, SCALE, @ FTIH2. 2,514, 157

CALL PCOOMCFTHZ . 4. CORFFTOL: 13,4, FTUWL, 4. 257, 153

CALL PREDCRFOML, IPMI -2, FTHL . 2. PO L. ITPM) . 2,514 15)
7E COMTIMUE

MOW GET xFOW FOE A-1 ALPHAIL?



CRLL PRELCAINCL,Z2),2,FTH1,2,51251)
CALL. PFEFT(FTWL,FTL2,3.256,13)
FTHE(513)=FTH2l2)%2.
FTWZ(2)=a,
FTW2(514) =0,
FTW2(1)=FTW21 )42,
CAL.L PMPY(FTWZ,2:5CALE. 8, FTIZ.2.514,15)
CALL FPCCON(FTHZ.4,CORFFT(1s1)s4,FTHL; 4,257, 15J
CALL. PABD(XPOM(1.1),2,FTHL, 2, XPOW(1,1), 2,514,153
M=M+1
GO TO 1
700 CONTINUE

C

C NORMALIZE PO AND XPOW BY M

C
DM=1.0-N
CALL PMPYORPOW(1. 10,2, BN @, XPOW(1:1).2. 2573, 153
CALL PMPY(ACPOWC1,1).2, DM@, ACFOML, 10,2, 1799, 15
CALL MODL(MAHEMLT
IFMLTY 62,9006, 68

&8 COMTINUE

E0 TO S5

Seae CONTINUE
MRITECIPRINT, 2120

Jes COMTIMUE
CALL MTOPENCIDSE.17)

920t EETUEN

2891 FORMAT (4af2-40R2-5R32)

Zaes FORMATC3ISD

3000 FORMAT! 18X, Z2HIMPUT TAPE DESCRIFTITNA 10X, 4082 18K 45271
22 FUORMAT (169, 23H0UTPUT TAPE DESCRIPTIOM- 18X, 40R2. 10% . 45R240

3812 FOEMAT(12M, 13HEOF OM HESDEER)D
EMD

N




SUBRCUTINE MODL (MARXF,MLT)
INTEGER RES
DOUBLE INTEBER ISECO, ISEC1, ISEC2. ISEC3
DOUBLE PRECISION TITLES
DIMENSION IDRT(3)
DIMENSION R(23,LBL(E]
DIMEMSION WE1(5145,HK2(514)
COMMOMN-RZBLCK/AIM(512, 150, FTHL (514, FTW2(514) . XPOW(514,5)  CORFFT(S
14,45, IEX(1884)
COMMON/BZHEL CK/ACPOM (257, 7) s IEP(4865), IDEDCHOL7T) . IZL(BEY, I¥L(24 ),
1TXL (487,
1ICDHD (46) , THDC45)
COMMOMN-CZBLCK- ICAR, RES(Z),MCL{ 31, EL2, PMI23 s F2T» ZSCALE(17)
1 IPEO(G, 3%, IREC, NOREC, NREL, ISEC®, ISECY, ISEER, ISECE MCU(T )
COMMON/BKTIT-TITUES (4,73, UEC(2)
EGUIVALENCE (IRPAST,.AIN{1.1713
EQUIVALENCE (FTWL, WKL, (FTHZ, WKZ )
DATA IDAT.2HBL.2HBL . Z2HC1
CALL TITE
NPTP=MRKF¥4
DO 531 I=1,5
LBLCT 1=1XMRXF - 6+, 5
501 CONTINUE
DM=1.&
Qg 5l@ I=1,7
IFCMCWiTYy 8,519,3
COMTIMNUE
IFOCILERL LD OR.CILEQ. 43 0OR. (. EM, 73 PRINT 201, ICDHD
F=g.
H=0,
CALL HPLOT(ACPOLIC L, 1) HPTF, 1, IRAST, 66, 10Q, 228 F. &)
PRIMT 3e@3., LBL
PRINT ez, (TITLES(JI, I11,J=1,41
CRLL PCOMEIGCPOW(L.1).2.BM:8,R. 2. NFTF: 2, 15)
Riiy=R{11¥.25
RUT=SERTIR(11)
IFCCILER.SY.0R.(ILER. 53360 TO 582
PRIMT 3e@5.RO11.EUT
GO TO &1
@2 PRINT Z@86.EF01).RUT
5le COMTINUE
TFIMLTY 1:5:1
1 COMTINUE

LIS =&

62}

-9¢-V

et .
b0 I=1,128
IFCACFOWCTI 72 LT.THMAX) B0 TO 6
THA=ACPOMCL . 7
L=
COMTIHUE
IHD=24L MRs-1
Do ? oI=1.3
IP=1+1
IPT=2%1F
IFCILEN.3Y IPT=1PT-1
IPP=1+2
CALL PDIVCACPOM L, IPTY. 2. xPOMCLs IPF) . 4, WK101) . 4,257, 15)
CAaLl PDIVACPOMIL, IFT) . 2 xFPOMCZ2: IFF Y, 4. WKLI21 . 4, 257, 157

m



3ee1
3962
3003
3865
3026

3009
3e13
314
3015
830
3846
3241
34z
3e43

LE-V

IF(I.EG.1) Bi=WKi(1)

IFCLLES.2) Di=lKi{1)

IFCI.EQ.3) C1=WKL1{IND)

COMTINUE

VEC(1)=C1

VEC(Z21=D1

EORMAT (1H1, 50X, BHCAR BODY. ~50K, 4802)

FORMRT (54X, 4R, )

FORMAT (29X, 1Ho, 2(18x, 12, 1&X, 12, 11X, [2)-8@%, SHHERTZ/)
FORMAT (20X, 2BHTOTAL POWER IM 3@ HERTZ BAMD:E1S.6,5X, 16HE'S MESN SE

<UHARE- 48X, E15. 6, 5%, 3HRMS.)

FORMAT (2@, 28HTOTAL. POWER IN 32 HERTZ BRAND:EL1S.5.5X.:25H{RAD-SEC/SE

.C) MEAN SHUARE, ~48X, E15. 6,5, 3HRMS )

FORMAT (35X, 34HPHASE OF MODE SHRPE COEFFICIENT A-, 11,/7)
FORMAT (35X, 38HMAGMI TUDE OF MODE SHAPE COBFFICIENT A-sIi./)
FORMAT (35X, 36BHREAL. PRRT OF MODE SHAPE COEFFICIENT 8-, 11
FORMAT (356X, 43HIMABINARY PART OF MODE SHAFE COEFFICIENT 8-, 11.7)
FORMAT (1, 1501X. 1@E12. 4171

FORMAT (35X, 37HMABMITUDE OF MODE SHAPE COEFFICIEMT .A2)
FORMAT (35X, 27HREAL PART OF MODE SHAPE COEFFICIENT .R2A)
FOEMRT (35X, 42HIMAGINGREY FART OF MODE SHRPE COEFFICIENT A2
FORMAT (355, 33HPHASE OF MODE SHAFPE COEFFICIENT /27

CONTINUE

CaLl poLos

RETURM

EMD



SUBROUTINE TITE

DOUBLE PRECISION RIT.TITLES
DIMERSION TITLES(4,73
COMMBN/BKTIT/RIT(4, 71, UECL2

}

DATAC (TITLES(I,J),I=1,4),J=1,13-6HBOUNCE. 6H MODE ,2XSH s
DQTQ((TITLEQ(IsJJ I=1:43,J=2,2)/6HFIRST .6GHBENDIN,6HE MOBE, 6H

DQTHL(TITLES(I J)aI=1,4),.0=

« 3

) &HP I TCH

+B6HMODBE  , 2XeH e

DATARC(TITLESCI,J), I=1.4), 0= 4 4) - BHSECOND s 6H BENDI . 6HNG MODBs

. 6HE e

DATAC(TITLESCI«J),1=1.42,J=5,5)-6HROLL ™M.6HODE » 2X6H s
DRTR{ (TITLES(IJ), I=1.4),J=5,6)-6HSECOND. 6H TORSI . 5HON MOD.

.BHE -
DQTH\LTITLE:;LI JreI=1,4),F=

DD S I=1.4

po s J=1.7

RITOI,J)=TITLESCI.J)
5 CONTINLE

RETURN

ENL

o
L

) BHFIRST

+ GHTORS 10, 6HM MODEy 5H



!

oon 6¢-Y )

RS

SUBROUTINE LLAT

INTEGER RES

DOUBLE INTEGER ISEL@ ISECL, ISEC2,. ISEL3
BOGUBLE PRECISION TITLES

DIMENSION IRY(17,512)

DIMENSION TEMP(512,4)

COMMON/AZBL CK-RAAS(512, 37, YOBS(S, 512) , WORK1(514) , WORK2 (514) 4

. RSTK(257, 41, YSTK(257, 4}, YP(512,4),EF (512,
COMMON-BZHLCK-5R(E14, 30, EFF(257:3). 61 (41, 82(4)+B(2): FFX(4),LBL (&)

3}

1IAX(Z8@4), IDEBCHCL ), IZL(RE) . IVL.(24), IXL (480, ICDHB(42) 5 IHDB(45)
COMMON-CZBLCKAICAR. RES(21,MCLI3) L ELZ PM(2) «F2T. ZSCALEC17) «
1 IPRD(B;3);IREE;NDREC.HEEC,ISEC@;ISE?isISECE;ISECEaHEUC?)

COMMON-DZBLCK-XIL7. 3. Y (17,33, 2(17. 3
COMMON-BKTIT-TITLES(4, 72, VECL2)
EQUIUALENCE(RA9, IRY)
EQUIVALENCE(AR9¢L, 11, TEMP(1, 1)
EQUIUAL ENCE( IRAST: AAS)

EQUIVRLENCE (IDEDCHO173, 10173

DETAE M. ITL, IT2: IEOF-8.8,3, 76818~

DARTA IR, IC, 1D IE, IF, ISUMN. 1B 4¥&, 1, 1,8~
DRATAR IFL~ @&~

B=SQRT(Z2.&)-256.
HFTP=12¢

ElLG=32. 174-EL2

oo 15 I=1i.5
LBL (I 1=5¥]
IFCIRA7.NE. @) 50'TO 16

FOREM LITE INVERSE

SUri=e. @
CNT=g.&
SUMZ=2.8
DO 12 J=1,4
JBE=J+12
IFCIDEDCHCJR) VEG@. &) 0 TO 15
wHIJP, ICRRI=0.08
CNT=CHT+1.@
CONTIMUE
FEMOJa=K JF,: ICARY
XIPI=X({JP, ICAR)
HE2=NIPIARIP]
BLUI) =XJPLX{1.QFVEC(11XRA2
EE(Ji=1.,@+UEC (2142
SLMAL =SUML TP T
SUME=SUM2+xJP TR
COMT INUE
COEF=4.,-CNT
IFCCOEF.LT.2.80 B0 TO 1s
0 T 47
FRIMT 18
FETLIEM
FORMAT L AHE, 12:, * INGUFFICIENT DATA TO CH
lLDHh LHT':/J

L L
DI 12=~-5SUri-DEN

L

C

ULATE MObAL COORDS.

FOR



(3122=C0EF.DEN
INPUT

cmn

CALL MTOPEMNCIT1.19)
CAL.L MTOPEN(IT1,92
CALL MTOPENCITZ, 1933
CALL MTOPENCITZ2.33

CALL MTIOCITL, ICDHD, 853
CALL MTWARITCITL, ISTAT, ILDS)
CALL MTIOCITZ, ICDHD, B5)
CALL MTWRITCIT2, [STAT. NWDS)

CALL FPOPEMCIA. ICs.ID. IE, [F, ISUM, IB)
CALL PCLRCEFP.2.771.15)
1 COMTINUE

READ Z-DATA INTO A-ARRAY

00

CALL MTIACITL s ARS, 8784)

CALL MTWRITOITL. ISTAT. [WBS)

IFCISTAT.GMND. TEDF) 98, 38,7869
982 COMTINUE

FLOAT Z-DATA INTO Z-HREAY

oo,

pa 2 1=1.5

IP=1+12

CALL PCMELCIRY (IR, 13,47, v0B5(1-1),18,15:.512.@3

CALL PMPY(vOBS(I. 1.1, 2SCALECIPY @, YOBS(I. 13, 10,512, 15)
COMTIMUE

CALL MTIOCITL,ARS. 92161

CALL MTWRITCITL. ISTAT. [HBS)

CRLL FREL(ARS(L.23.2,PAA901.71. 2. 51241

0r-v
53}

GET MEW Y-PEIME TIME SEEIES

cmr

DO 11 I=1.&12

=
_t:‘a

ZJP1=Z0JF, ICARY
TEMPCL . J1=2JPIX(ARSL T, 81 +RASCT, 7IHGLIII+ARSI( L. B3EE2 (T )
NPLTs Ji=YOBS(Js I )+TEMP{ .03

9 COMTIMUE

11 CONTIMUE

SOLVE FOE Ye&-DD ANE P5I9-DD

e

LO 14 J=1.E1Z
FHZ1=8.8
RHSZ =@, &
EO 4 I=1.4
EHZ1=EHS1+vPrJ: I
BEHSZ2=RH52+YPLJ, [ 14FFROT)
4 COMTIMUE
EF (T, L= 11REHS1IHAT 124 EHSE
EF (J, 21 =R 12¥RH51+E I 224 FEHS
EF i, 32 =v0RS(5, Jr+EF (. 2417, ICARI~-ARSLJ. 63X2 017, ICAED
14 COMTINUE




&

onan

24

.
G

IFCIFL—-1) 5,331,321
COMTINUE

cALL MTIOCIT2. EF
CALL MTHARIT(ITZ,

» 3ATE)
ISTAT NDSY

CUTRUT

CALL PMPY(EF(1.2),.2.ELG. &, EF(1.2).2,512,15}
Bo 3e J=1.3

CALL PFFT(EF(1,J),5A01.J1,8,256,13)

SAIEL3, J1=5A02, J1%2. 0

5A2,J)=06.0

SRELS, J0=0.8

SAC1, J3=5A01,.J)%2.

CALL PMPY(SHE{L1,J),2.B:0,5R(1,J):2:514. 153
CAaLL PCSMOSHL, ), 4, WORKL, 2,257, 15)
WORK1(1)=0,

CALL PABD{EFP{1,J),2:WORKL, 2, EFFP(1,JY 2,257 157
CONT INUE

G0 TO 232

CONTIMUE

CALL RESZ2

M=M+L
B0 TO 1

ZOmMT INMUE

IFCIFL-13 7aal, 7o, /a2

COMT IMUE

DiH=1.3-T

CALL PMPY(EFP(L1,11.2:DM, @, EFF(L,10,2,771,157
PRINT 2013, ICDHD

DM=1.2

oo 992 J=1.3

F=0.0

o=}, 3

CALL HPLOT(EFF(1.J1,MPTP, 1, IRAST. 66, 100, 228:F. &)
BRIMT Z2&4, L B
IFCJ.EQ, 3 PRINT 3
IFCJVEN. 2 PRIMT 3
IFiJ.EQ. 1) PRINT 2
CALL PCONE(EFPil.J
Rili=Rr11¥.25
RUT=SGRETI{R{11)
IF(J.EQ. 2) FREINT Zeoc, R{1).RUT

IFCCJ. ER 1. OR. (.J.EF. 33 PRINT 3@@5.R{13,RUT
CONT INUE
IFI(REESC21d 34,43,
COMHT IHUE

=@

1F_=1

CARLL MTUREMCITL, 193

Catl MTOPEMIIT1.9)

CALL MTIOCITL, IHD.B5)

CALL MTWAITIITL. ISTAT « [WBS)
CALL PCLROYSTE, 2,1828: 153
CALL PCLECRESTE.Z. 1828, 1570
50 TO 1

Dr=1.2-7

T PO LS

1.2 DM@ B2, NPTR, 2, 150

Lot

<




3001
3802
3203
3ae4
3ae5

3866

3013
43

v-v

CALL PMPY(YSTK,2:BM. 9, YSTK, 2, 1028, 15)

CALL PMPY(RSTK.Z2.BN,2,R5TK, 2, 1828, 15)

DN=18@.

DM=1.

CARLL ELPZ(DNM,DM)

FORMAT (57X, SHSLAY MODE,

FORMAT(S57X, BHYALW MODE, ~)

FORMAT(S7X: 1THLONGITUDINAL MODE. )

FORMAT (29%, 1H8, 218X, 12, 18X, 12, 11X, [2) 68X, SHHERTZ~ !
FORMAT (20K, 28HTOTAL POUER IN 3@ HERTZ BRAMD.EL15.6,5X.15HG'S MEAN 30

.UARE 48X, E15. 65X, 3HRMS )

FORMART (28X, 28HTOTAL POWER IN 39 HERTZ BRMD,E1S.6,5X. 25H(RAD-SEC/SE

LC) MEOGN SQURRE- 48k, E15. 65, 5%, 3HRMS/

FORMAT { 1H1, ~50X, 8HCAR BODY, /58K, 48820
CONTINUE

CALL MTIOCITE: 1™

CALL MTIOLITZ2,19)

CALL PCLOS

RETURN

END



SUBROUT INE RESZ2

DOUBLE PEECISION TITLES

DIMENSION TEMP(S512,4)

COMMOM-AZBLCK-AAS(512,9)  YOB5(5,512) , WORK1 (514) , WORKZ(514) .
RSTK(257:4), YSTK(257, 4), YP(512, 41, EF (512, 3)
COMMAN-BZBLCK-SAC514, 31, EFP(E57, 31,6114, G2(4) RE2) . FFR(4) . LBL(B),

118X (3804, IDEDBCHULTYy IZL(G6RY  IYL(24), IXL {483, ICDHD (48} [HD(45)

@i EY]

luinle!

COMMON/DZBLCK /K17, 32, (17,32, Z017.3)
COMMONABKTIT-TITLES (4,71, UEC(2)
EGUIVALENCE(RAS(1, 13- TEMPF(1:1))
B=SERT(2. 1256,

COMPUTE Y-CAlLC. + GAMMA

DO 111 I=1.4

CALL PREL(EF{1,1).&8,WORK1,2:512:1}

CALL PMPY(EF(1.2),2,FFx(1),8,WH0RKZ:2,512,15)
CALL. PRDE(WORKL . 2. HORK2, 2, WORKL, 2,512, 15)
CALL PSUB{TEMF(is17.2.WERKL, 2. HOBKL, 2,512: 152

COMPUTE RESIDUALS = YP-¥-CALT. AMD GET PSD'S

97

111

166

CALL PSUB{WORKL,2,YOHEST 1,11, 18, HORK2,2.512. 157
CALL PFFT(MORKZ: WEORKL. 0, 256,133

WORKL (5131 =lORK1{21%2.8

LOREL(21=8.

WOREL (514 1=6,

WORKL (1 =L0REL L1032, @

CALL PHMPY(HOBREL: 2,5, 3. WORKL, 2,514, 15)

CALL. PCSMUWOREL . <4, HOREZ. 2. 257, 157

WORKZ2(13=G.

CALL PADD(RSTKil,I):2,L0RK2,2,RETE{1,14.2.257,15)
COMTIMNUE

ng i1ee I=1.4

CALL FREL(YDBS(I,131,18,HOREZ2,2.512,1)

CALL PEFT{LORKEZ. LIORKL, ©, 256, 13)
WORK1(S12)=1ORK1 (2032, &

WOREL21=0.

WORKEL1CE14) =2,

WORELCL s =LORELCL1%2.9

CALL PHPY(WDREL.2,B:3,WORKL.2.514. 153

CALL PCSMOWOREL. 4, WORKEZ, 2. 257. 153

WOREZ(1 =8,

CALL PRDDCYSTE(L, 13,2 MORKZ, 2, v5TK(1,11,2,257, 15)
COMTINUE

EETUEREN

EMD
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SUBROUTINE DOE
DOUBLE INTEGER SEC@.S5ECLsSECZsSECS
INTEGER RES
COMMON-AZBLCK/A(S12, 180, B{s12. 51, IHB(BS)Y , IEX(12227)
COMMON-CZBL CK- ICAR, RES(2)  MCL{3), ELZ, PM(2), F2T, Z5CALE(17) s IPRO(3E: 3
. ), IREC, MOREC . NREC. ISEC®. ISECL, ISEC2. ISEC3. MCULT)
baTE IR, IC, 1D, IE, IF. ISUMN, IB-4X8, 1.7, 8.~
CALL IORA(B.200)
CALL IBRA(9,2013
CALL IGRAM1G, 2020
M=@
CALL MTOPEMN(B, 193
CALl MTOPEM(9, 19)
CALL MTOPEM(1@,.19)
CaLL MTOPEN(S, 2)
CALL MTOPEM{1@,90)
CALL MTOREM(9, 3}
CALL MTIOCE,. IHD, 853
CALL MTHAITOS. IS5, N
CALL MTIOC18, IHD, 85}
CALL MTHRITC10,. 1S5, MWD
CALL POPENCIA, IC, ID, IE. IF, ISUN. 1B
1 COMTINUE

RERD AND DISCRRD Z0BS

CALL MTIOCB. A, 87a4)
CALL MTWEITIS, IS5, THD
CAaLL HMTIO8. A, 32187
caLl MTHAITE. JST. JWD)
IFCIRT) 4.3, 4

3 CALL MTIOC1e,.B,32@72)
CALL MTHREIT(16, 15T, [Wb5)
CALL PREL(A{1.81,2.A4(1.183.2,512. 13
CALL PREL(ACL.2),2,A01,083):2,512,1)
CALL PREL(E(L,3),2.A01.,817.2,512:10
CALL. PRELIBI1.17,2,A01.02).2.512.13
ChLL. FRELIATL. 43, 2,A01,@3),2,512,17
CRLL PREL(A(L,B),2.A01,843,2:512: 13
CALL PRELIACL.S),2:A01.88),2,512:1)
CALL FEELLACL.6),2. A1, 850 :2,512.17
CALL PREL(B(1.,2),2:A01,85):2,512+1)
CALL PREL{ACL.7).2.B01.83),2,512.1)
CALL PREL(ATL,Br.Z2,Al1,871,2:.512:4)
CRLL PRELIBIL,27,.2.A01.087,2,512. 11
CALL MTIOCS, R, 102489)
CAaLl MTWAITOR. K5TS,. KWBR
M=t{+1
50 TO 1

4 CALL MTOFEN(S.17)
CALL MTOERMOS, 190
ALl PCLOS
EETUEM
EMD
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LOADS SOFTWARE

FLOW CHART

LOADS
PROCESSING

SETUP X-ARRAY |
COMPUTE

(X" X)X
(LD2)

PROCLESSING
FOR A-LOAD
AND/OR B-LOAD
(SD1)

INVERSE
FILTER (ACF)
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>0

COMPUTE
SPECTRAL POWLR
OF OBSERVATIONS

(SPR1)

v
COMPUTIE MODEL
DATA AND
RESIDUALS
(SDh1)

\!

COMPUTE
SPECTRAL POWER
OF RESIDUALS
(SPR1)

V.

PLOT OBSERVED
DATA AND
RESIDUALS

(P2B)

COMPUTE
COORDINATES
(CKM)

o ==
Kl 5N

COMPUTE

SPECTRAL POWER

OF COORDINATES
(SPUR)

\

PLOT PSD'S,

PRINT POWER

LEVELS, RMS
(CKXM)

RETURN




A.4.2 SYMBOLS FOR LOADS PROCESSING

NTOC is trailer configuration [in SUS].

IACF is non-zero to perform inverse filter.
SCALED are scale factors for input channels.
MREC is number of records.

ILOAD is load configuration.

JRES is residual processing flag.

XT is the X-matrix [in LD2].

SAV = XTX = XTX.

XTS (later) is (XTX)‘l.

PRO = (XTX)(XTX)_I; should be unity matrix.

HOLD = SPACE is (X'x) x'.

XH is X-matrix.

IVEC is the observed data [in SD1].

VEC is the spectral power of the observed data.

WORK1 is the modeled data.

WORK1 (later) are the residuals.

WRRK1 is the spectral power of the residuals.

WORK2 is the spectral power of the observed values [in P2B].
WORK1 is the spectral power of the residuals.

VEC is the percentage of residuals to observed values.
COOR(*,1) 1is XO longitudinal acceleration [in CKM].
COOR(*,2) 1is yo sway.

COOR(*,3) is Z _bounce.

COOR(*,4) is 6 _ roll.

COOR(*,5) is ¢ _pitch.
COOR(*,6) is @O yaw.

COOR(*,7) is B y lateral bending.
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SUBROUTINE SDS(INDEX, JRES).
DOUBLE INTEGER ISEC®, ISECT, ISECZ, ISEC3.LSECL
INTEGER RES
COMMOMN/AZBLCK /WOBRK1 (8141, WORK2(514) , VEC(512,8) . 8CALED(1B) ,
LIBLK({71i68), IVEC(E12,16), L.O0DBI2, 4}, 5PRACE( 7, 8, 4) « [ABC(2), LB, LE: IGCF:
Z2MTOC, NSTK«MREC, [LORD: ICHBDI(B: 23« #H {8 7+ 41 - ICHAN: NCHRN, IGNOR(1181)
CBgHBN/EZELCK/ISMQLCB4SIJ,IZL(SG),IYL(24)sIXL(QB)sICDHDi4®):
LIHDC45)
COMMON/CZELCKS ICAR, RES(2)  MCL (30, ELa, PMU2) . F2T« ZSCALECL? )
1 IPRO(3, 3, IREC.NOREC, NRET. ISECS, ISECL, ISEC2, ISECI, MCU (7
17 FORMAT(3IS)
1 FORMAT(1H1)D
15 FORMRT (55X,
14HNO. By 1% 152 2% 4HNTOC LX) 152X 4HNSTK, 1% [5: 2%, 3HACE 2K 151
3@ FDRHQTiSFl@.S)
35 FORMAT(B(2X,Fla.531
MNOREC=8
MNSTE=NREC
MREC=MREC
LDqDll 12
LACEC(E, 13
Loonc: . 2
LoODiZ. 2
LOoDi1
LDnDl_u
LDDD'l
LOGn«
.~ READ(Z,
1 INDEH-#TDC
=~ HSTE=MHEEC
©o FRINT 1
PRIMT 15.MNEEC.NTOC,HSTE. IACF
RESD(Z, 31 5C8LED
PRIMT 35.5CALED
REAB{Z. 17IMEEL, ILOAL. JEES
LB=1
IFIHTOC, B, 20 LB=2
LE=2
IFINTOC.EE. 1y LE=1
MTOC= (MTOC+1 3 2
0O g2 IK=LE.LE
11=L000¢ 1R, ILOADS
IABC [KY =8
CALL LDCHCIRBCOIEY, IK, [SAY, ICHDDLL, TK2D
IXABC=IABC IR +1
16 CALL LD20LI,I5AU, ICHDECL, TKD )
@@ COMTIMNUE
RETURM
EMD
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SUBROUTIMNE {_DCHCIRBC, 1K, ISAU, ICHDD?
DIMENSION ICHBD(8)

FOPMRT (8153
FORMAT (15X, ’DEQB' CHANNELS? » 73
FORMART (2%, 'CH s 122

FORMAT(Z2@X, ' INSUFFICIENT INFBRMATIDN TO PROCESS LORD .1
INQT PROCESS LOAD . I
READ(Z2,5) ICHDBD
PRINT 3

ISpU=0

ICNT=8

IABC=0

pd 1o I=1,8
IFCICHDDCI )6, 18,6
PRIMNT 7,1

IF(ILEGR. 1) GO TO 8
ICMT=1CNT+1
IFCICNT-1) 8.8.3
16AL=1

IFCIRBC.NE.3) IRBC=1
IFCI.EQ. 1) IARBC=3
G0 TO 10

PRINT 16¢IK.IK
[REC=2

GO TN &

COMT INUE

EETURN

EMD

2
[~ }

3

WILL
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SUBRCUTINE LD2(II, I0UT. ICHDD)

DOUBLE PRECISION D.L,M.COs XT X, XTX: SAU PRO, HOL D XCO

DOUBLE PRECISION XTXG

BIMENSION XTX6(56:6)

DIMEMSION XCO(B4), ICHDD(E3

COMMOMN-AZBLCK-ORKL (5147 . WORK2(514) , VEC(512.:82, SCRLED(16),
1IBLKC7168): IVEC(S12,16) :LOBD{(2. 41, SPRACE(7. 8,40, IABC(2) LB, LE, [ACF .
2NTOC s NSTK . MRED, ILOAD, ICDDL(E 23 XH(8, 7, 40, ICHAN. NCHAN, IGNOR(11al)

COMMON/BZBLCK/XT (7,81 XTR{?, 7). X(8: 7). PROLT, 7Y, SAUCT. 7). HOLDU?, 51,
1CU£8;2);L(?);H(?);TSHHL(?446);IZL(BE);IYL(E4);IXL(48);ICDHB(4®);
2IHD(45)

DATA XCO-4. 17D, =3, 3300, ~16, 5600, 2. 58D, 8. 608, —2. 92D, 16. 54D,
1-2.98De, &. 3ha, 4. 5406, -16. 5608, 4. 17D8, 8. 8D&, 4. 1708, 16.54ba,
14.17D@,

24, 1702, ~3. 3300, 15, 5603, —2, 99Da, 8. 6D6. —2. 3D8, —16.54De, -2, 903,
3@, 808, 4. 5408, 16,5600, ~4, 1703, 0. 0DE, —4. 1708, -16.54D8, 4. 17DS,
44, @D@, ~4. 1209, —16. 5D9, —3. 83D, §. 8ho. —3J. 8309, 16. 7DE, ~3. 53b@.
5@, 2D@, 4, 75DA, —~16. 506 . 4. 3D@,. @, 8Dd, 4. 9D8. 16.5be, 4. aD9,

E—4.08D@, —4, 1200, 16. 508, 3. 8308, @, 808, -3. 8300: —16. 70, —3. 83be,
80, 9D@, 4, 7SDhe, 16, 50¢, —4, D@, @, 0D, —4. 900, —16.50a, —4. 8D~

AFUNCZZ) =1, 0-8. @QTErIIKZL

45 FORMAT(1x,.7D16.82
55 FORMATI1x.80816.8)

IMINBEX=16K{11-1]

og 4 I=1,8

oo =2 J=1.2

X IMDEA= I INDEX+1

COC L, Ji=xCO I THNDERD

2 COMNTIMUE
Do 3 Jd=1.7
ATCJ: 1=, 808
I CONMTINUE
4 CONTIMUE
®T(1l.13=1.2D
AT(2,20=1.aDo
®T12,30=1,002
(2, 43=1. 8D
H#Ti2,50=1.80&
HKTUZ.63=1. 0
AT 7i=1.00d
HTUE.81=1,aDa

AT (4 20=-C002: 2
ATC4,33=-CO(3,2)
“Tid,41=-C0O04,2)
HT(4, 5)=—C005:2)
KTi4.6Y= COLG.2

WT (4, 7a= COC7.20
®Tl4.80= COCB,22
(5,11= COCL. 27

By 1y=—-C001, 10
TO7,21=AFUNICOIZ2:13 1
HTO7, 30=AFUNICO3, 103
T 41=AFUMCCO04, 1070
RTC?BI=AFUNICOS, 112
Do & I=1.3

IF=1+1

IFPP=1+5

HTG. IF¥=COOIF. 13
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&

XT(Ss IPPI=—CO(IFF, 1}
8 CONTINUJE
XT(6:5)=CO(5,1)
Dg 9 I=1,8
IFCICHDDCIY L EQ. @) GO TO 9
DO 29 J=1,7
AT{J, 1)=6.8Ds
239 CONTINUE
9 CONTINUE
INI=7
INJ=8
IMLIM="7
IFCICHDDCL)Y L ER.QY GO TO 1@
INI=6
IMJ="7
IMLIM=6
LO 11 1=2.8
Da 11 J=2,7
XTI, [-1)=XT(J. 1)
11 CONTINUE
1@ COMTINUE
DO 12 I=1,INI
DO 12 J=1,1MJ
K(Js 1Y=xTCL. 02
12 CONTIMUE
DO 1 I=1.INI
PRIMT G5, (XT(1.J)sJ=1,IMNI)
1 CONTINUE
DO 14 I=1,INI
DO 14 K=1.IMNI
XTHCIL,K1=8, 0D8
O 14 J=1,INJ
ATRCOL s K =sTH Ly KI+HT L, JIRK (T KD
14 COMTINUE
DO 15 I=1.1IMI
PRINT 555 (XTH{I,J).J=1, 1M1}
15 CONTINMUE
IFCICHBRCL) L ERB. @) GO TO .21
pg 19 I=1,IMI
DO 19 KE=1,1IMI
XTHEEL L KI=MTHII K
19 CONTIMUE
21 CONTIMNUE
DO 1e I=1,IMI
DO 16 J=1,IMI
SALCT « JI=KTx(I,.0)
16 COMTIMNUE
IFCICHDDCL)  EQ. @) GO TO 23
CALL MINUCKTHES, IMLIM DL LM
DO 25 I=1,IMI
0O 28 J=1, IMI
ATHCL s J)=mTea (1,00
COMTINUE
G0 TO 27
2 COMTINUE
CALL MIMUOSTS IMLIM DL Ls M2
COMT INUE
PRIMT 45.D
0O 18 I=1,1IMI
GO 18 J=1,INI

m n
a3

n
~1



22

1210

¢S-V

PROCI. J)=6. oD@

DO 18 K=1.,INI
PROCI,J1=PROCI, JXY+SAUCT, KIXKTHIK, 2
CONTIMUE )

DGO 22 I=1,INI

PRIMNT 45, (PROCI,J),Jd=1.INI)
CONTINUE

DO 24 I=1,IMI

DO 24 E=1.1INJ

HOLDCL, KY=0.68Da

O 24 J=1.,1INI

HOLD T KO =HOLDO L, KY+ATROD J3¥RT 0T KD
CONTINUE

DO 26 I=1,IMI

PRINT 55, (HOLD(I.J3.J=1, IMJ)
CONT INUE

DO 1eie [=1.INI

DO 1818 J=1, INJ
SPACECT J« T1 =SNG (HOLDC(T,.J03
KHCT, [ IT)=8NBL XTI, 133
COMTINUE

RETURM

END



45

8

459

46

1

54

iy ==

m

&

SUBROUTINE SD1(IK.JRES?

INTEGER RES

DOUBLE INTEGER ISECe. ISEC1, ISEC2..ISEC3.LSECT

DIMENSION OUEC(G1Z2, 7)

COMMON-AZRl CK-WNORKL (5143, LORK2(514), VEC (512,83, SCALED(1E),
1IBLK(7168)., IVEC(512,16),L.00D(2,4),SPACE(? 8. 4), IABC(2), LB LE, IACF,
2NTOC, NSTK, MREC, ILOAD, ICHDI(8, 21, XH(8, 7, 41, ICHAN, NCHEN, IGNOR(11@1)

COMMON-BZBLCK-WRRK1 (2577, WRRKZ2 (257 ) « XWORK1 (514) « XWORKZ (514«
LTIFILLCS397?) . IZLIG6RY» IYL(24]1, IXL{48), ICDHDL{4@), IHD(45)

COMMON/CZBLCK-ICAR, RES(2) . MCL (3), EL2. PM(2) . F2T, 2Z8CALE(17),
1 TPRO(3,3) . IREC, NOGRELC, NREC, ISEC®,.I5ECL, ISECZ, ISECS, MCU(?)

EGUIVALENCE (IBLK s OVEC)

DATA 1A, IR, IC, ID.IE, IFF, IS/ /5%&, 1,18~

DRTA JSTAT-Zaeld.

FORMART(EX, *RECORD *.12.° AFTER 28&°)

FORMAT(SX. "RECORD 7, 12,' AFTER 334°)

FORMRT(S5X, 'EECORD ', I2,° AFTER 4167 )

caLl POPENCIA. IC.ID. IE. IFF. 15, [B}

IF{JRESY 2,1,2

EKK1=6

GO TO 3

KKE1=8

DO 15 KKK=KKE1,9

CALL MTOPEMN{EKK. 133

Calt MTOBEMN(KEKEK.3)

CONTINUE

IF{JRES) 5,4.56

CONT IHUE

CALL FCLECWERKL,Z.257, 1573

pa s I=1.15

CaLl MTIO(S:WREKL.E14)

CALL HTWRIT(G, ISTAT, MWDS3

COMNTINUE

CaLL MTOPEN{G,17)

CALL MTOPEMCE, 19)

CALL MTOPEM{&.,22

CONTINUE

IHyZ=TRBECTED

IML=-1

IFCLEBE.ME.LEY NOEEC=1

ILUM=1&-TK

IF(LE. EQ.LE) ILUN=3

IE1=1E~-1

ICHAM=TE138+1

HEHAM= ICHAMH+7

ICOUHT =6

I1=LOBD{TE, ILORD:

CALL DRINT(1.8192, ISECL. L SECL . MREC)

FEUIRE A RECOED OF DATA

COMTIHUE

JREC=ICOUMT+H1

CrLlL DERBCL . IVEC, 8192, JREC, 93

CALL DEWTCIDETAT?

TCOUNT = TEDQUMT+1

COMJERT TO FLOATIMG POIMT ,SCALE. AMD STRCK POWER

E=0

Do 2ee I=1CHAM, MEHAM

IFCJEESY 152.151. 152
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151

152

384

COMTINUE

call MTIO(E, WRREL, 5140

CRLL MTHARIT(S, ISTAT, NHDS)

IFCCISTAT. ANDL JSTHTY L ER. JSTAT)Y PRINT 458,71
CONTINUE

K=K+1 .

CALL PCHFLCIVEC(L, 1Y, 1,UEC(1:K},2.15,512.8)
CALL PMPY(UEC(1,K)» 2, 8CALEDI 1)@, VEC(1,K), 2:512: 15)
IFCIRCF.ER. Q) GO TO 16&

MCH=THIML

CALL ACFIUEC(1,K).512.NCH)

COMTIMUE

IF(JRES) 200,161,260

CALL SPURI(VEC(1,K)3

CALL MTIOCT? . WHREBKL 5143

CALL MTWRITIT, ISTAT, NWDSS

CONTINUE

DO 20 KK=1,7

K=KK

CALL PCLRI{WORKZ. 2,512,152

IF(IRYZ-3) 286,285,286

K=Ek—-1

IF(KK.EQ.1y GO TO 294

COMTINUE

DO 23898 LL=1:8

L=t L

[IF{Ix=vyE-3) 288,287,288

L=L1-1

IF(LL.EA. 1Y &GO TO 298

COMTINUE

RTRK1=SPACE(E. L. I1)

CALL PMPYTUECTLVLL 1,2, BRTK1L 3. WORKL . 2512, 152
CRLL PREDCWHOREL . 25 WORKZ s 2, WORK2: 2, 5125 1571
COMTIMNUE

CALL PRELUMWOREZ, 2, 0UEC(1.KE),2.512, 17
COMTIMUE

CALL MTIOCILUN.OVEC (1.1 %, 71687

CalLl MTHAITCILUN, ISTAT, MAHDS T

IF(JBES) 417334, 417

COMTINRUE

DO 483 EK=1,8

K=KE

CALL FCLROWOREL.2.512515)

IF{IxYZ-3) 386,385,386

K=kKk—-1

IF(EE.EQ. 13 30 TO 394

COMT INUE

DO 39¢ LL=1.7

L=t

IFCI=YZ-32 388,387,388

?oL=ll—1

IFCLL.EG.LY B0 TO 5@

t COMT IHMUE

EHL=xHE L, I1)

CALL PMPYIOVEC(L, LLY 2. ¥HL @, WORK2: 2. 512, 157
CALL PADDLORKE, 25 WOREL . 2, HORKL. 2,512, 15)
COMT IMUE

CALL PSUBCLHORKL . 2, UECCL, EED . 2, WORKL, 2. 512, 151
CAaLL MTIOCS: LERKL. 514

Cell MTHATT (. ISTAET . MUWDED



416

417

IF{CISTAT.AND. JSTAT)  EQLJISTAT) PRINT 459,KK
CALL SPHRLUWORKL) )
Call MTIOC?, HRRKL,514)

CALL MTHRIT(Y. ISTRT s MWDS)
CONTINUE

CALL MTOPEN(7T. 177

Call. MTOPEN(7?,19)

CALL MTOPEN(T,3)

CALL MTOPEMN(&.19)

CALL MTOPEN(&.3)

DO 416 IJK=1,16

CALL MTIOC(?.WRRK1,514)

CRLL MTWRIT(?, ISTAT ., NKDS) .
IFCCISTAT. AND. JSTAT) . EW. JSTATY PRINT 46@. 1JK
CALL MTIO(G, RRKL,514)

CALL MTHRIT(G, ISTAT . MWUDS)
CONT INUE

CALL MTOPEM({E.173)

CALL MTOPENLG, 193

CALL MTOFEM(7.13)

CONT INLIE

IFCICOUNT-NMEEC ) 428, 600, 58
CONTINUE

CALL MTOPEN(E.93

CALL MTOPEM(7T.3)

IML=1

=0 TO 15&

COMTINUE .

Call MTOEEMNCILUM. 17

CALL MTOPREMN LM, 130

CALL PCLOS

RETURM

EMD
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SUBROUT INE SPWR1 (X

DIMENSION X013
COMMOM-BZBLCKA-HNRBKL (2571 . SR U257 ), WORKL (5143 LWORKZ (514,
LIFILL(S397), [ZL(GEY s INLI24), [XL(487, ICDHD(4@), IHB(45)
DATA SCRLE-. 60524272

CALL PREL (%, 2:WORK2.2.512,13

CALL PFFT(LORKR. WORKL . @, 256, 13)

HORK1 (513 =LHORK1 (22 +WORK1 (2)

WORK1 (2) =8,

WORKL (514)=0,

WORK1 (1) =HORK1 (1)+ORK1 (1)

CALL PHMPY (WORKL. 2, SCALE, @, L0ORKL, 2,514, 15)

CALL PCSMOWORKL . 4, WORK2, 2, 257, 152

WORKZ(1 =0,

CALL PRELU(MWRRKL2.5X:2:.257.1)

CALL PRDEDISK, 2, HORK2, 2,55, 2, 257, 15)

CALL PREL(ZX.2:WREEL. 2. 257, 1)

RETLIEMN

EMD
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SUBROUTINE P2B(NTCC)

DIMENSION [RAS(6689)

DIMENSION IBLK{4)
COMMAN-AZBLCE-WRRK1 (514) . LRRK2(514) , VEC (512,82, SCALED(16),
1JBLK(?7188), IVEC(512, 163,100D(2,4) ,SPACE(7, 8,42, IABC{2), LB, LEs IACF
2NTOC, NSTK: MEEC, [LOAD. ICHBB(B, 21, XH(8, 7, 43, ICHAN, NCHAN.
2WORKL (2577, WORK2(257) , IGNOR(73)
lEDgTSE/BZELCK/ISNQL(B481)aIZTITLEGS)sIYL(E4],IXLE48);IEDHD(40):
11H )

EQUTUSLENCE ( TUEC, TRASD

DATA JSTAT-Zeeld~

DATA IBLK-2H A:2H B,2H A:2H B~

DATR NTHRU- -1~

DATR 1A, IH, IC, 1B IE, IFF, 1S5-5%8, 1, 18~

DARTA ACON-184@.,

FORMAT U1HL, 50X, A2, 6M— LOAD. 75, 40R2)

FORMAT (60X, 4HZ0BS, 18X, [5)

FORMRT (65X SHHERTZ )

FORMAT (29X, 11, 2(18x, 121X, [2, 11X, I2))

FORMAT (58X, 9HRESIBUALS. 54, 15D

EORMAT (4ex, SOHPERCENT ERROR, RESIDUALX106-0BSERVATION FOE SENS0OR.
1I15)

&@ FORMAT(10X, 2BHTOTAL POWER IM 3@ HERTZ BARND)
7@ FOEMAT (1ex, 11HOBSERUVATION, 2%, E12. 5, 5X, BHRESIDURL » 2

=
}

(3]

~1

1

-

W

i

1E12.5, 5%, 13HPEECENT EREGCR.2X.E12.5)
FORMAT (5K, *EQF ', 12, AFTER 5°)
'FORMAT (5%, "EOF 7, I2," 7 EEAD’)
FORMAT (S, "EQF *,12.° 6 READ' )

CALL FOFER(IA, 10,10, IE. IFF, IS, [B)
MTHREU=MTHREU+1

IXITHDEX=NTCC

IFCIMINBEX,.LT.Z3) GO TO 1
IXINDEX= I ¥ INBEZ+NTHRU

COMTIMUE

CARLL MTOPEN(E, 2

CARLL MTOPEML7T.3)

po 5 I=1.8

CALL MTIOCE: WORKL. 5140

CaLl MTWRITIE. ISTHT . NWDS)
IF{{ISTAT. ANB. JSTAT ) . EQL JSTATY  PRIMT 7.1
CONTINUE

AMUL =4, AFLOAT CHSTE D

FARC=1.AMUL

PRIMT 1901, IBLECIXIMDES), ICOHD

DO 1068 L=ICHAM,NCHAM

CALL MTIOCT, WORK2.5141

CALL MTURITLY, ISTAT. MWD
IFCCISTAT. AMD. JSTATY L EQLJSTHTY  PRINT &.bL
CALL MTIO(G,WORKL. 5141

CALL MTHAITOG., ISTHT, MWDS)
IFCOISTAT. AND. JSTAT L ERL JSTATY  PEINT 9.0
CALL PHMPY (LOREZ2. 2, FAL. &, WORES 2, 257, 153
CALL PHPYOLWOREL. 2, FAC. &, WOEKL. 2, 257, 153
Ghta=a. .

SM=0.

M=

CALL HPLOT(WORES, 120, 1. [RAS. 66, 18, 228, GMx: GMNJ
FRIMT 1@ IM: (1, I=5,2¢,5]




PRINT 20
PRIMT 38.,L
BMx=8,
HMN=9.
CALL HPULOTUWORKLS 126, 1. IRAS, 66, 18&, 228, GMM. 6MN)
PRIMT 10, IM, (I,1=5,32,.82
PRINT 20°
PRINT 4@.L
SUML=6.
StMz =@,
SUME=6.
DO 4% I=1,1iz8
ST=HORKZ(1)
WO=HORK1(I)
SUrtl =SUrMi+5T
SUMz=5UM2H40D
PER=1.
IF(ST.NE.@.) PER=HO-ST
PER=PER{183,
VECCI.1)Y=PER
SUM3=5UMZ+PER
45 COMTINUE
POW=5UM2-SUMLXRCOMN
SUM1 =4, %51M1
SUM==4 . %3UM=2
EMM=a,
Ghx=0C0rM
CALL HPLOTC(UEC{1:12:128, 1. IRAS, 66, 108, 228, GMx, GMY)
PRINT 1@, 1M (1, 1=5,328.5)
PEINT 2@
PRIMT Z&.L
PRIMT &&
PRIMT &, 5UML. SUM2. POM
IF(L.EG.NCHAN) 50 TO 1868
PRINT 1@ed, IBLEC IXINDEX) » ICDHD
1860 CONTINUE
CARLL PCLOS
RETUEM
ENL
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SUBRQUTINE CEM(NTOC)

DOUBLE INTEGER ISECe. ISECY, ISECZ2,.1SEC3

INTEGER RES

DIMENSION IBLK(4)

DIMENSION ISTRT1(7)

COMMON-RZBRL CK-CO0R(512, 71, STACK (257, 141, IRAS(E6DQ) , TITI7?),
1 LHD(853, WORK1(514), WORK2(514), IFILL (45533
CSSNON/BZBLEKRISHHL(B481);IZTITL(SE),IYL(E4);IXL(48);IEDHD[40),
1IHD(45)

COMMON-CZBLCK- ICAR, RES(Z2),MCL(Z) . EL2. PM(21 . F2T. ZS5CALE(1'7),
1 IPROC(3, 37, [REC, NOREC, MREL, ISEC@,.ISECL, ISEC2, ISEC3, MCUT?)
DATA ISTRT1-1.7,13,19,25,31,61~

DATA 1A, 18, IC, ID.IE, IFF, IS/5X8, 1.7~

DATA IBLK~-2H A.2H B,2H A.2H Br

IXINBEX=NTOC -

BEON=1035. 968756

CAalL POPEM(IA, IC,ID.IE, IFF, IS5, B}

MREC=&

ISUREC=&

IMt=

CONTINUE

RERD( 2. 13, EMD=12@@3 NSET,DF, IFILE

CALL PCLR(STACK.Z2,3594, 153

4 35 JJ=1,.MNSET

IF(JJ.EQ.Z) CALL I0ORACLE,Z81.-8)

CALL MTOPEM{1&, 192

CALL MTOPEM1&.33

DO 2@ II=1.MHREEC

JE=0JJ-131%7

CALL MTION1e,C00R., 71680

IFCIEOF (1@ . NE.©) G0 TO 168

o 26 I=1,7

I1J=1+JK

CaLl SPWRICOOR(1,I3.STACKI1.1.J33

COMT INUE

IFCJI-1) 26.26.27

HREEC=MREC+1

0 TO 25

ISUREC=1SUREC+L

COMT INUE

COMTIMUE

Call MTOREM(16, 193

COMT IMUE

CONT IMHUE

IFCISUREC. 5T, MRECY HMREC=ISUREC

PRIMT 1. IBLKCIXIMNBEX?, ICDHD

ConM=1. -FLOAT (MRECY

CALL PMPY(STACE.Z.COM.@. STACK. 2, 3598, 157

Ms=MSETAT

DO 116 I=1.MG&

J=1

IF(J.BT.7)d=0-7

IFiJ.BT.3.AND.J.LT. V2

Catl PMPY(STACE(1,13.2.BCON: 8, STRCKIL: 112128, 153

J

a3

=0,

EM=9.

CALL HPLOT{STACE(L. 12, 128, 1. 1FAS, &6, 100,228, 6MA. BMH)
PRINT 12&, It 1L, IL=h.32.5)



148
149

111

SREE

PRINT 130

ISL=1STRT1:J)

IE1=1S1+5

PRIMT 14, (IZTITL(KKK),KKE=151, IEL)

CAlLL. PCONR(STRCK(L, 13.2,D0FK,8.CO00R(1,1).,2,120.2, 153
PRINT 14%5,CO0GRC1,1)

IF(J.BT.3.ANB.J.LT.7) GO TO 148

PRINT 147

G0 TO 149

CONT INUE

PRINT 15@

CONT INUE

COOR(C1.1)=SERT(COTOR(1,13)

PRINT 146,C00RC1,1)

IF(J.EQ.3.0R. J.EG@.5) PRINT 1, IBLKC(IXIMBEXY:ICDHD
IFCJ.NE.7) GO TO 11@

IF (MOD(MG. 1432 118,111,112

IFCI.ER. 14 GO TO 112

I IMDEX=4

PRINT 1, IBLE{IxINBEX): ICBHD

50 TO 11@

PRIMT 2

CONTINUE

GO TO 5

CONT INUE

CaLL FCLOS

RETLRM

FORMAT( I5,Fig.%,15)

FORMAT ( 1IHL » 50k, 82 5H— LOAD, <5k 42820
FORMATI 299, 11,2018, 18, 18X, [2, 11, 12)]
FORMAT (65X EHHERTZ )

FORMRT (51, 662, 1k, 4HMODE )

"FORMAT (425, 3OHTOTAL POMER IN THE 6-38HZ BEND, 1¥,518.4)
7 FORMATIS55X, 15HE"S MEAN SEURRE)

FORMAT (48, 24H (ESE-SEC-SECIMEAM SERUORE:
FORMAT( 43%, 1EHROOT MEAN SEUARE. 1X,51@.4)
FORMAT C1HL)

FORMAT( 1H& 5, "NTOC = 7153

EMD
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SUBROUTINE SPWR(X:5X)

DIMENSIDN X01),5X(1)
COMMOM-BZELCE/WORKL (514) , WORKZ(5E14) s IFILL (64257, [ZL(663« IVL (247,
1IXL(48), ICDHD(4@), IHD(45)

BRTH SCALE-. ee5s524272

CAlLL PREL (X, 2, WGRK2,2,512:.1)

CALL PFFT(WORKZ.WORK1 . ©.256.:13)

WORK1 (513) =WORK1 (21 +HORK1 (22

WORKL (2)=0.

WORK1(514)=0,

WORK1 (11 =R0RK1 (13 +HIORK1 (1)

CALL PMPY(WORKL,2,5CALE, 3, HORKL, 2,514, 15)
CALL PCSMUORKL, <+, WORKZ, 2,257, 15)

WORKZ2(1 =8,

CALL FAPD(SX,2,U0REZ, 2,8X: 2,257 15)
RETURN

END



A5

A.5.1

AXLE SOFTWARE

FLOW CHART

AXLE
PROCESSING

READ DATA
CARDS, READ
DATA FROM DISK
(AXL)

=0

INVERSE
FILTER (ACF4)

[

V

COMPUTE
X-MATRIX,
ACCELTRATION
COLFFICIENTS

™~
IPSD

v >0

COMPUTE PSD'S
(SPEC)

Vi

PLOT PSD'S,
POWER
LEVELS
(AXL)

:

RETURN



A.5.2 SYMBOLS FOR AXLE SOFTWARE

IPSD is PSD plot flag [in AXL].

IACF is zero to perform inverse filter (1.6 Hz).
SCALED are sééle factors for input channels.
A(*,15) contains input data.

XDb

io longitudinal acceleration.

ZDD io bounce.

PSIDD = &O yaw.

THETADD = 6  roll,

YDD = yo sway.

B(*,1) - B(*,15) are the coordinates.

PSDA are the PSD's of the coordinates.

A-63



SUBROUTINE  AxL

DOUBLE INTEGER ISEC®, ISECL, ISECZ. ISEC3.LRETC
INTEGER RES

DIMENSIOM ISTRT1(S}

DIMENSION [AX(3)

BIMENSION Z1(512,51.XDD(512),YDR(512).ZDB(512),

1 THETAPD(512) . PSIDD(512),Ri512.5), B(512, 15)

@

@

9 -y®

55
1686

DIMENSION HORK1(S5143, NORKS(514)

DIMENSION PSDR(Z57, 155, IRAS{6009)
COMMOM-AZBLCE- [TWORK (27572)

COMMON-BZBLCE~ INBUF (512, 15), INT(514)  SCALED(15) . JND(257) ,
1IZTITL(BEY, IVL(24), IXL(48), IEDHB(4@1; IHD(45)
COMMEN-CZBLCK -/ ICAR, RES(2) ,MCL (30, EL2, PMI{Z2) «F2T,. ZSCALE(17) 5

1 IPRB(3,3), IREC, NOREC. NREL, ISECH, [SEC1 . ISEC2, ISECT, MCUTT)
ERUIUSLENCE (IWBERK(1).B(1,1)2, (INBRK{15361):21¢1.13 3,

1 (IHORK28481),A(1,1)7
EQUIVALENCE (IHORK(15361).PSDACL1.13 3, (TWORBK(1), IRAS(11)
EQUIVALENCE (IHGRK(15361), XDDR1, ( IWORK(15385),YDD) «-

1 CIWORKECL74853, ZBD) s ( IWORE (184337, THETADD » ( IWORK{(19457) , PSIDD)
EGUIVALENCE  IHORK(Z235431,WMORK1(1) 1, (THORK{(24572) . WORK2(113 )
DATA ISTRT1-1,7,13.19.31~ -

DATA 1As.I18, IC. IDVIE, IFF, IS5-5¥a, 1,167

DATA 1A% 2HAA.2H A, 2HBE.-

DATA XL -7.57 VU444, 282, YH 44, 75, SCL-386. 47 He. 57 DEF /0. 257
CALL POPEM{IA, IT,.ID. IE: [FF, IS 1B

CRLL MTOPEM(S. 191

Call MTOPEMN(Z, 33

MCH=~1
OME=1.
LREC=#&

READ(Z2. 16, ENL=220@ IP3D, [ACF
FEAD(Z, 1215CALED

AF1=.5

AFZ2=—1, 7 UrH+YHD

RAF3=1., 05U

PRIMT 13.SCALED

PRIMNT 14.H,xL5CL, YL, rH, DEF
CHLL DEKINT(Z2,. 7588, ISEC2 . LREC. MREL)

PRINT S15.MHBEC, [5ELR

DO 1eeo I=1;MEEE

ZALL DERDOZ, IMBUF . 78, 1 Gy

CALL DEWTOISTAT?

IFCISTAT.NE. &1 PRUSE 1

OO 4dea LU=28,18,5%

Do 1@ IM=1.5

ME=LU+ I

CALL PCHFL (IMBUFCL.MAY 1. 801 M S0 18,5128
SC=5CALEDMMA )

CALL PHPY ORI M 2. 80, 0. 701, [M) . 2.512. 157
[FIIACE.ET.e) GO TO S8

MCH=MCHEMS

CRLL ACF40E0l. My, 512 MEH?

COMT IMUE

COHTIMHUE

CHLL PSUBGRIL-23.2:R01, D2y 512. 150

OS] PMPrtﬂDDac HFluﬂ 5; sy ,155

CHELL PRDDOECL. 41, 2681 Iy _!Da_sdi_«lfl
AL BFMPYCZD0. 2. AF i




CALL PABD(A(L1,1),2.A(1,28),2,PSIDDL2,512.15)
CALL PMPY(PSIBD,2,AF2, 3. PSIDE, 2:.512,15)
CALL PSUB(A(1,5),2,R{1.43,2, THETADD, 2,512, 15)
CALL PMPY(THETADD,Z.AF3, 8, THETRDD, 2,512, 15)
DO 120 JX=1.512
YDBD(JXK ) =HETHETADD (I —xXLXPSI DD (JX)
128 CONTINUE
cAalLl. PADB(A(L,3),2,¥YDD: 2, YDD, 2,512,150
CAalLL PMPY(PSIDD.2.5CL.8.PSIDD. 2,512, 15)
ﬁthUPMFY<THETQDD,E,SCLSQ,THETQDD,E.Sias15)
=L U+
CALL PREL(Z1(1,13,2,BC1MAY, 22,2568, 1)
492 CONTINUE
NCH=1
CALL MTIO(3,B: 15368)
CALL MTWARITIS, ISTAT NWDS )
1900 CONTIMNUE
CALL MTOPEN(S.171
CALL MTOPEMN(S, 193
IFCIPSD.EQ.@) GO TO Z2ecd
CALL MTOPEMIZ, 31
JM=2
CARLL PCLRIPSDR.Z, 3855, 152
l@le CONTINUE
CALL MTIOCS,B: 15331
CALL MTWSIT(Z, ISTET NWDS 3
= IFCISTAT.ME. @) GO TO 11@@
1 IF{NKGES. HE. 1536 PAUSE 7
) DO 1@2@ I=1.15
v CALL SPECCBOL.13,PSDACL, 13, WORKL . WORKZ?
1828 CONTINUE
JM=JM+1
GO TO 131@
11e@ CONTIMUE
IFOJMLERL @y GO TO 2088
AM=1.-FLBAT(JM)
CALL PMPY(PSDR{1.17,2,4M 2. PSDHIL, 12,3855 15)
JM=er
O 120¢ JI3=1.3
PRIMT 1282 IAX0JJ)« ICDBHD
oo 12e Il=1.%
I=0JJ-11%5+11
F=a.
o=,
CALL HPLOTI(PFSDALL. 11, 128.1. [RRS. 66, 100,228, F.&)
PREINT 1%, JH, (J.J=5,3@,5)
IS1=I5TRTLCII)
IE1=151+5
FRIMT 10259, (IZTITL.(KKK) . KEK=IG1, [E1)
SCALED(1 =@,
CALL PCOMREOPSDACL. 12.2.0HE, &, SCALED, 2, 129. 2, 157
SCAELEDC] 3 =SCALED (1 Y XDEF
FM=SERTISCALEDCL Y 3
PRINT 183&,.5CALEDCL)
PRINMT 1o4e, BMx
IF (1.EQ. 15} 50 TO 122
IFCITLERLZ) FRIMT 1202, IAXK(JJ), ICDHD
1286 CONTINUE
13206 COMTIMNUE
fReed TONTIMUE



COLL MTOBEMN(S, 19
CALL PCLOS
RETURM
19 FORMAT(GIS
12 FORMATIBF13.5)
13 FORMAT(1HL, #5x, 15HSCALE FACTORS. /» 2(5X,8F18.5, 7))
14 FORMAT (S, 1HH, 2, F1@, 5. 25 ZHKL,, 2x, F1e. 5, 2X. 3H5CL . 2%: F10. 5. 7,
1 BX,2HYU. 2X, FLE, 5, 2% ZHYH, 2%, F1@. 5, 2X, 2HBF . 2K, F5. 32
515 FORMAT(SX, 21163
1215 FORMAT(29X, [1,2018K, 12, 10K, 12, 11X, 123)
1825 FORMAT (56X, 688, 1x, 4HNGODE)
1&3@2 FORMAT(LX, "POWER IN BAND (8@ - 3@ ) =’ F1&.5:1X, 7 (G5-M5) ")
1840 FORMAT(23x%,'RM5 = ', Fi@.5)
ize2 gﬂgﬂﬁTEiHis/58X5Q2=5H~ AXLE, 750K, 48R2 1
R

99 -V
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SUBROUTINE SPEC(X.SX, WORK1, LWORK2)
DIMENSION X(11,8X(1)

DIMENMSTIDON WORK1(514), WORKZ(514)
DATA SCALE. . 805524272

CALL PRELC(X,2,WORK2,2,512,1)

CALL PFFTCWORKZ2, WORKL, 0. 256. 133
WORK1 (513) =WORKL (20 +WORK1 (2)
WORKL(2)=83.

WORK1(514)=0.

HWORK1 (13 =WORKL (13 +WORK1 (13

CAaLlL PMPY.(WORK1.2,SCALE, 8, WORK1, 2,514, 15)
CALL. PCSMOWORKL, 4, WORKE, 2,257, 15)
WORKZ2(1)=06.

CALL PRDB(SX, 2 WOREZ: 2,5X,2: 257 153
RETURN

- EMD
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10
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SUBROUTINE RCF4(X, My ICHNLY

DCUBLE PRECISION R1,R82, H2, XCHM. $1. X2

DIMENSION MM1i(28). (1)
DRTA Al A, M1 <13, 3188760,
ICHAN=TABS( ICHNL)
IFCICHNL.GT. @) GO TO 1@
AMLCTEHANY =K (1 3+ (1 =K{2)
CONTINUE
HCHM=XM1 (ICHAN)

0o 1w I=1.HM

RKi=R(13
Ha=H1X (X1 -R2XECHM

# LI =8NGEL1X2)

HOHM=X1

COMT INUE

HML CICHAM ) =5MNEL (XCHMY
RETLRM

END

. 32446525, 20%6 .
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A.6.1

STATISTICAL SOFTWARE

FLOW CHART

STATISTICAL
PROCESSING FOR

CARBODY LOADS
OR AXLES

CONTROL
PROGRAM
(PROVG)

Z1RO
CROSSINGS
(ZXS)

DETERMINE
PAGE
HEADER
(ZTITL)

READ COLUMN

NAMES FROM

DATA CARDS
(ZXS)

READ SPEED DATA
REMOVE MEAN,
PLACE IN HISTO{
GRAM BINS (ZXS]

|
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|

PRINT
HISTOGRAM
(HGDMP)

IPRO
(2,%)

OCTAVE BAND RMS
OUTPUT TO TAPE
WHICHI CAN BE
PLOTTLED OFF-
LINE (OMS)

READ DATA
CARDS: CHANNEL

ID'S AND
FACTORS (STAT)

READ DATA
FROM
DISK

COMPUTE

DATA MAXIMUM

AND MINIMUM
(SFLT)

l

A-70




l

DITTERMINE

HISTOGRAM
VALUES
(STTD)

DITERMINE
BTN
TNEORMATION

(SSCL)

DITERMINE
%-0CCURANCE
HISTOGRAM
(STH1)

PLOT
HISTOGRAM
(SPLT)

PRINT PAGE
SUMMARY : ST.
DEV.,95% LEVEL)
99% LIVEL, RMS
(SSUM

RLETURN

A-71



A.6.2 SYMBOLS USED IN STATISTICAL PROCESSING

HSTOGM is zero-crossing histogram data [in ZXS].

RAW is data read from disk [in STAT].

HIST are the histogram valucs [in STTD].

ABINC is the bin increment [in SSCLJ.

BINWIDTH is the bin width {in SSCL].

FACTOR are scale factors [in SSCL].
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SUBRGUTINE PROG(ID)

INTEGER CHANID

DOUBLE PRECISION TOT

DOUBLE INTEGER ISECE. ISECL, ISECZ2, [SECS

INTEBGER RES
COMMON-AZBLCK-RAWIS12:. 153, RMS(E13,5) . ACIS13,5) . XMEANIE) .
LISTDEW(E)  BINWIDTHIS ), TEMPS(5), FRUTOR(SY W FLINE(S . ABSC(5) .
25CHAMNG (57, RMSSUMIS Y, 3UM. TOT(52 s SFiS), ABINC(S), Y9505,
39S PIS(5), P95, CHRNIDIS) . ICARD(48) , SCNCENT, [ARI 183471,
1ICEB(4)
COMMON-CZBLCKA/ICAR. RES( 21 . MCL(3) . EL 2 PM(2) . F2T,. ZSCALE( 17, [PRO(E, 3
. 2+ IEEC, MOREC . NREC, ISECO, ISECL, ISECR, ISEC3. MCU{T)

IFCIPREOCL, ID0Y 7,8,7

P CALL I0NRACLIG, 20
CALL ZSoIDn

IR TFROL

D DALL OMSOTDD

IFUIPROCS, IDY 168,174 15

£ CALL IORA(Z,.2010

CALL STHETOID:

RETUEM

EMI

‘3.- 11.*":1
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SUBROUTINE ZX5(ID3
INTEBER RES

DOUBLE INTEGER I[SECE.
INTEGER HSTOGM
DIMEMSION IHDRS(1ZD
DIMENSION KCOL(A)
DIMENSION LCOL (43, MCOL{123

DIMENSION HSTOGMU1S,. 510

COMMON-AZBRL CK-REC(512. 160, JSTOGM15, 51 ) s NZERO{15) : DNAME (S

ISECL, IS

167

1 DLIMOLlE). INBUF (5121, 5UM(18), PEAK(1S) . [PSIENC1S) s RESOLNC15),

2 SONC2), JANL (96310 . ICBBE(4

COMMON-BZBLCK- ISMAL (B48L 3 IZTITLIGRY , IYTITLI(24) IXTITL{48) «

lILDHD[40\.IHDk4CJ

COMMON-CZBLCK- ICAR,RES (2, MEL(3)yEL2 PM(2)  F2T. ZSCALE(17) s
1 ’PPDTT,BW-TRLP MOREC, MEEC. ISEC@. ISECL. ISECZ. ISECI, MIULT)

ERUTUALENCE C JSTOGEM  HSTOGEM 3

DARTA IHDF SEHCH, 2HE - 2HEO 2HDY . 2H » 2HL 0. 2HAD2H . 2H L 2HAXK Z2HLE

4
LT

DHTH
DETH
DAETH

DELTHT
(IR = Py
IR IC, ID. IE: IF. ISUN: IR 448, 1, 18, 8~
DARTA AMILE-SZ288 .

GO L85 I=1.4

Id=0ID—101%4+]

JCBBCI 3 =THDRES (1.0

. GB3E-g4.

S@tg COMTIMNUE

[

vL-Y

I

cA

= BODRY
MTIMEZ=1
B0 T (&,
ICDL =1G
CRLL TORRCZ
=0 TO 2
ICOL="7
[0
GO TO
[CoL=15%
CHLL IORA
COMTIMUE
TDIST=0.8
DI=T=8&,
DIST=~-1.2
HMEEL=2

[F=2
MO = TC00
MOOL ] =MNCOL+1

TaEys I

‘_Ll
M
;

OTEMC 16 1_,13 IE, IF, ISUN, IB)
ALL DEINTI3,5

f SECE. LEECE . MEEC)
CALL DR TEI:TQTJ
I:DI{TIFNIE

¥ ICHEB. ICDHD
"‘UHnlEB

LM, 93




C

SL-V

JEDL =58

CALL ZTITLKCOL,. JCOL . LCOL MCDL s NCOL » TWDS)

DO 1 I=1,NCOL

RERD(Z.20@11 JCOL. (DMAME(J, 13,J=1,3)

CALL ZTITL(KCOL, JCOL - LCOL, MCOL . MCOL, TWDSD

WRITE(Z, 201 ) (DNAME(JI, 1)y J=1.3), KCOL. LCOL, DLIMOD Y . MOOL
ETHP=MODC(I .52

IFCID.EQ. 3. AND.KTMP.EQR. @) PRINT 3004

CONT INLE

CALL MTOPEMN(LUN, 193

CALL MTOPEMILUN. 92

CONTINUE

THIS ROUTIMNE REABRS DATA FROM THE DISC LOGICAL AND WORK FILES
1. JREC=1.JREC+1

CaLl. MTIOCLUN: REC, IWDS)

CALL MTHBITILUN, ISTAT . MGDS

CALL. DKRD(3, IMBUF,512, IJREC, @

CALL DEWT L IDIT )

CALL. PCMFL CIMBUF, 1, REC(1.167.2,15,512.@)

MNEED TO AQUIRE AND CONDITIOM THE SPEED DARTH

5]

2}

)
&

49

CHLL PCLROSUM. 2515, 152

DO =Z0 I=1.MCOL

SOML L=,

CALL PCOMB(REEC (L1, 1),2.DMNSN,3,350M, 2,512:2. 157
SUMC L =50M01 1

COMTINUE

DO Ze I=1.MNCOL

CALL PSUBISUMOI Y@, RECCL.10. 2, RECIL, 1), 2,512,150
CONTIMNUE

HRED=MEED+1

IFINEED. BT, 10 &0 TO 489

Do oZE I=1.HCO0

PEAK(I¥=REC{1.17

[PSIEMNCI)=(3,+ SIEM(1..BECIL, 133072,
BESOLMNOT i=DLIMCI) 25,

CALL PCLECHSTOGM, L, 7685, @

CRLL PCLEIMZERG, 1. 15. @2

DIST=REC(1, 160ADELTAT

CONTIMUE

oo 1ee I=IF.S5i2

DO 99 J=1sNCOL

ISIEM=(3.+ SIEMIL. RECCT.Ji2 -2,
IFCISIEM.EQ. IPSIENCIY) GO TO (58,781, ISTEN
IBIM=26—~IF % (PEQK (1 RESOLMO.I) D
IFCIBIM.GT.51 IBIN=51
IFCIBIM. LT, 10 IBIMN=1

HSTOGME T, IBIMNI=HSTOEMCT, TBIMI+1
PERE{.JI=RECLI,.7)

IPSIEMLJY=15TEM

MZERDCJ ) =MZERO(.J3+1

=0 TO S

COHT INUE

IF{BECII.J.LT.PERKECS2 Y PERE(JI=HEE(I,J}
0 TO 2

CONTIMUE

IF(REC T, J).BT.PEAE(JY) PERE(JII=REC(I..J)
COMT LMHLUE

COMT INUE

DIST=DIST+RECT I, 1634DELTAT
IFIDIST.LT.AMILEY GO TO 18



SHILE=DIST-AMILE
TRIST=TDIST+1.0
ERLL HGDMP (HSTOGM: NZERQ, DL IM, SMILE, DMAME, NCOL  ODIST
1ICEB. ICDHE)
LDIST=0.a
CALL PCLROHSTOGM. 1. 765.01
CALL PCLE(HZERD, 1,15.80
100 CONTINUE
IFINEED.GE.KREC) GO TO 2@l
[P=1
GO TO &
991 CONTINUE
SMILE=DISTAAMILE
CRLL HGDMP (H5TOGM. NZERD. DLIM, SMILE, DMAME. NCOL, ODIST . ICBH: [CDHD)
TDIST=TLIST+SMILE
CALL MTOPEMNILUM. 133
WMREITECZ, 30931 TDIST
IFCHTIMES.EQ. 22 50 TO 985
IF(HOREC-1) =2e5, 92, 905

992 CALL TORARCD,. 2@1.93
NTIMES=NTIMES+1
2 TO =3
2Es RETURMN
cgel FORMATOIZ. A4, 4, Ad, 13, 34, 13, E1R. 9D
el FDPHHTLIDH‘JH4‘.Ks5HE._“ 4 Wy ES, gsr‘-lgH“l
3ee FDEHHFIlH1-= B2M 4Rz, <56, *CHAMMEL DESCREIPTION .

17285 ‘bHHHMBEE-,”~4HHP'F ];~q4hT:FE 1@ 14HDYNAMIT LIMITS. 85,
Z1THEMGIMEERIMG UMITS
@@3 FOBRMAT ( 1€04, 26HTOTAL I HHEE FEPRESENTED: F1&. 3 28, BHMILE
g FORMETOIH o
EM

w

]

Lnl 3}

9/-Y



ig

LL-V

2@

45
]

SUBROUTINE ZTITL (KCOL .« JCOL, LCOL.» MCOL » NCOL » TIDS3

IMTEGEF REG

DOUBLE INTEGER ISEC®, ISECL, ISECE, ISECS
DIMEMSION KCOL(&), LCOLC4) . MCOL (12, ISTRT1(38) . ISTRTZ(39),

1ISTRT3(39)

COMMON-BZELCKA ISMAL 184811, IZTITLIAS) , IYTITL (242, IXTITL (487,

LICDHBO48), IHD(45)

COMMOM-RZBLCK/BEC(512, 161, JSTOGMU 15, 51 1 « NZEROC1S5 Y, DNAME(S, 167 .
1 DLIMCLGY, INBUF (5127, SUMI15), PEAKC(1SY, IPSIENCIS) , RESOLNU15),

2 SOMC21. AMNG2Y . JALL(96H Yy, ICBB(4)
CaMMON-CZBLCK- ICAR RES(2), MCLO3 1 BEL2:. PP, F2T. SSCALECLT ),
1 IPEO(32.:3)« IREC,NOREC, HREC, ISECS, ISECL . ISECE, ISECI . MCUCTY )

DATH ISTRT1-1,7,13,13,

Z25:31. 37,43, 49,65

»1,7:13.19,25,31:61: L7, 135,

115, 25:31:6151: 7,13, 19: 31, l!:iiq! lg 31:.1:7:13:,19: 31
A, BX13. 5k17. 5¥2 L
DATH ISTRTS-3%1, 3813, 2425, 24 JrsBKl 313,25, 3%L. 3HR13. 25, Fkl . 2¥KLE

DATA ISTRT2-718%1, 7S, 7

13%1,2%13, 3%, 2X13~

IFEJEDL.E@.S@) 50 TO 4@

[51=15TRT1{JCOL)
IE1=[51+5

EK=0

DD 1@ 1=151, [EL
KE=KE+1

KCOL (KK =1ZTITL(1)
CONT INUE
151=STRTS(.JCOL
[E1=151+3

KE=8
Do 26
KE=K

]!
U_
|._.\

[= « [TEL
1

LCOL (KR =INTITLCLY
COMTIHUE
IS1=I5TRTACICOL)
IE1=151+11

¥FE=0

Lo e I:IElnIEl

bU TU 1En

oo 42 I=1,MCOL

S =10, 0E1e

PEGE (I 1=~18,QELQ
COHTIMHUE

DO 5@ I1JK=1.MREEC
CAELL HTIﬂvj REC: IWNDSD

CALL MTLRITS, ISTAT. MWDS

DO 45 I=1,HCOL

CARLL FMAS(RECOL. 10, 2,80M. @, 512, 152

CRLL PMIMIEECCL S T2 2« A
ID.LT.50MY FEA
IFTSUMC L BT AMHY SUMC

IF(FEAE

COMT INUE
COMTINUE
DO 28 I=1. HI oL
SUMC 1) =FES (UM
RTEMP=AMAXL { PESK

!IH:

IFCTEMP.LE. &2 50 TO

B EL2 15D

11=AMH

H’1 T Yy

flxs

jele]
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(515
1o

8/L-Y

NExF=&

IF(LTEMP. BT, 1) B0 T3 65
MEXP=HNE¥P—1

XTEMP=XTEMP¥1@.0

E3 TO 66

ILTMP=IF IR (XTEMP+1. @3
DLIMCIY=FLOSTC ILTMPIX1@, ¥FNERE
CONT IMUE

RETLIRN

EMD



SUBRCUTIMNE HGOMP (HSTOGM: NZERG, DL IM, DIST» DNAME, NCOL . ODIST,
1ICBH, ICBHB
DIMENSION ICBB(4), ICDHD(4@)
DOUBLE PRECISION DCHAR.DBLANE, DLABL(11)
INTEGER HSTOGH -
DIMENSION HSTOGML1S, 51) s NZERG(15) . DLIM(L6 Y, [LABL (1T
DIMENSION DNAMECS, 162
DATR DBLANK.7&H Ay TBLANE2H
DRTH IDASH ZH——~
DATA DLGEL-EH 1.29.5H ©.88.6H ©.88.6H ©0.40.6H 0.20.64 0.00,
X EH ~9.20,6H ~0.49.6H ~6.68.FH -08.80.6H —1.@d-
paTH ILABL-ZH P.2H E.2H &aH Es2H 2H U, 2H As2H L. 2H Ue2H Ex2H
¥ 2H I.2H My2H L 2H G ZReRT.2H S
oRTE ODIST- 9. @
PRIMT 4@@931EEB-ICDHD,(DﬂﬂﬂEflsI);I=1sNCDL)
FREINT 23992, (DMNAMELS, 11. I=1.NCOLY
PRIMT 4&al, (DLIMCT Y, I=1,HNCOLS
ICHAR= 1 BLANE
DO 196 1=1.5%1
IF(MODCI-1:50 . NE. Q) GO TO 25
J=1-5+1
DCHAR=LLHBL. (T2
JCHAEE= 1 DAR5H
25 CONTINUE
IFCILLT IR OR.1.6T. 340 6O TO 2%
ICHEE=ILABL (I-17)
25 COMTIMUE
> WRITEC S, 4822 1CHAE, DCHAR, JOHAR (HETOBMUJ, 11, d=1: MO0
LJ ICHEE=TBLAME
) JCHBE =1 BLAMNE
DCHARE=DBELAME
1ee CONTINUE
0O 112 MI=1.HCOL.
HNFEEROCMI )= {HMZERO(MI -1 3.2
119 CONTINUE
WRITE(Z, 4883 MNIEFED
IF(DIST.LT.1.9) O TO 128
JDIST=0HIZT+DI ::xT
PDIST=0D15T+1.
115 HRITE(Z. 4@a443 QDIPT
HPITE'.14?ﬂ TPDIST
E0 TO 138%
i2@a ORIST=0DIST+1.6
PRIST=0DIST+DIST
B0 TO 1is
175 RETURM
993 FORMAT (55, AHMUMBER: 152X A4, 2x 12
4p0E FORMART (1HL . DX, 4A2, <S5, 4@HL=
1 ~4%, PHCHAMMEL , 10, 15(R4, 423
421 FORMAT (5 -rHUnHHHIU;ihH.H - 15 BHLIMITS. 15ER. &
402 FOEMART (A, N5 1, AS “,1511u5JV1J
4RED FORMAT (4, oHMNUME A 1180 IH- - 4,nQHDF CYCLES 15015, 30
Ay J,SIfElq”‘FI'“DEEHq 4/1—H11911, D OREZH4 s A4 ( TAMEOF 304
43R4 FORMAT (4% 14HDATH FREOM T 11LE Fia.
E JEELIMHS 3:3 UiF DETHESERFER ECHATSIDHEZ. <4 (TAMROF 4094
4200 FORMST (&#. LEHBATA TO NILE Flﬁ

C
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SUBROUTINE OMSCICOL)

DOUBLE IMTEGBER ISEC®. ISECL, ISECZ2, ISEC3

DOUBLE INTEGER LSECE
INTEGER RES
DIMENSION HDBR(3)

COMMOM-GZBLCK-VEC(S1Z2. 152, IJOKE(12312)
COMMON/CZRLCK. ICAR BES(2) ., MCL O30 EL 2 PMe2

Y, FaT. ZSCALECLTD,

1 IPROC3, 320, IREC, NGREC NREC, [SEC@®,.ISEC ISELB ISECS, MCUC™

DATA LUNAD LUNL A7

BATA HDR~-4HCARB, 4HLOAD. 4HELES

NTIMEG=1

CALL DKINT(3,512. ISECE, LSECS NREC

CALL DEWT(LSTAT

B3 TO 11,2.3), 1C0OL

CALL I0RACS, 2810

DS = 10248

B0 TO &

el IDFHLQ elsin D)

IHD==7163

G0 TO &

CALL I0ER{S, 2887

TWDim= 153568

CALL IORAIT, 180

CALL MTOPEMILUN. 137

CALL HTDFEH(LUH,BJ

CALL MTORENILUMNL.Z3

CALL MTIOCLLML . HuPilfttiaEJ
CRLL MTWSTTOLUNL ISTST . MBS
L0 288 I1=1.NREC

1d=1

CAELL MTIOOLINUED, IWBS)
CALL MTHRIT LU, ISTAT . MHWBS )
CAELL MTIOCLINL, UED, THDS)
CALL MTHRITOLUNL ISTAT . M
CARLL DERI( 3, IIDKEE. 51¢~1In@1
CALL DEWNTOISTAT?
CALL MTION NI T.I0
CRLL MTHWAIT LML, I
COMNTIMUE

Cabl, MTOPEMOLUMNL L7
IFIHTIME=S.EQ. 2 B0 TO
IFIHNOREC—-1) S, 4083, 58
HMTIMES=MTIMES+1

oLl I0ORACS. 2817

S0 TO S

FETLIEM

EMD

FE.S120
STET, MBS
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SUBROUTINE SFLT(GEX, QN RAW)
DIMENSION QX(5),GNIE) . RAKELZ, 15)
DIMENSION AMKIZ)  AMNGEY

DO 1o I=1.5%

CALL PHMAX(BAKIL, 1), 2. A 0.512. 153
CALL PMIM(RAMHCL, 1) .2, AMN. &, 512, 15)
TFCENO T LT AMY 0T =R/MX
IFCONCT Y ET AMNY QANCT 1=AMN
CONTIMNUE

RETLIEN

EMD
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SUBROUTINE STTD

INTEGER CHANID

DOUBLE PRECISION TOT

COMMON-AZBLCE -RAWI{G1Z2, 15, RMSIEL3, 5 ALIELE, 5) «XMERNLS) &
LSTDEU(S Y  BINWIDTH(S Y, TEMPS(S5) . FRCTOR(SY . FLINE(S) . ABSC(5) .
E5CHRMEBLS) , RMSSUMIS Y . SUM, TOT(S, SFI{S) RABINCIS) vI5(5),
3¥99(5), PSS, PSS . CHAMIDISY, TJARD (4@ « BENENT » IAX (18340,
JICBR{4

COMMOMR-BZR CEITEMPIS1E: 51, HIST (5, 2003, IPX(3921 ), [ZL(667, IVL (241,
LIl 048, ICARD4R) , IHD( 457

DO 56 K=1.5

CARLL. PADBD(ERM(L K« 2. SCHANGCEK ) @ RRWOL KD . 2.512. 157

Calt PHMPYIRAWCL. K1, 2, FRCTOR(E Y » @ BRHCL,K), 2. 512, 152

CALL PRDD{RAW(LK)+2:1.@.@, BRW(L,K) 2,512 15)

Crll. PCOMGCRAMIL KDY, 2, 1.8:8, BAN(1,K), 2. 512, 151

CALL PCOMLIRAMOLE) 2,288, 8,. 8, FRHIL K2 2. 512, 151

CALL POMFXORAMICL K2 ITEMPIL. KDY, 1, 15.:512.@)

DO =2 Kk=1.512

HIST (K. ITEMP(KE K 1=HISTIK, ITEMPLKEL K2 )+1.@
TOTCEY=TOT{E ) +1.8

COMT IHUE

COMT IHUE

EETUEM

EMD
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SUBROUTINE S5CL

DOURLE PRECISION TOT

INTEGER CHANID
COMMON-AZBLCK-RAKM(G12, 15), RMS(513,5)  ACIS13, 5 . XMEAN(B] ,
1STDEV(SY  BINWIDTH(S ), TEMPS(S ), FACTOR(S) . FLINE(5) . ABSC{5)
2SCHANG(S) s RMSSUMS) , SUM. TOTIS) s SF(S) ABIMNC(S1,Y95(5)
YIS, PE5I5Y, PS5  CHAMID(S) . ICARD(42Y, SCNCNT . [AK{ 18347,
ZICBEL4)

Do 18 1=1.5

FRCTOR(1)=106. ~SCHANGC T

CONT INUE

CALL PREL{SCHANG.2.SFs2:55 13

CALL PMPY{(SF:2,8.81,8,ABINC:2:5, 157

CALL PHPYESK.2:9.81,@.BINKIDTH, 2,5 151

FETURM

EMI
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SUBROUTINE STD1(MTIMES)

INTEGER RES

DOUBLE INTEGER [SECE, ISECL. ISECZ. ISECS

INTEGER CHANID

DOUBLE PRECISION TOT
COMMOMN-AZBLCK-RAWIBL12, 15), FMS(513, 51, AC(513, 53 (<MEBNIS) .
1STDEV(E)  BIMWIDTH(GY s TEMPS{ 51, FACTOR(5Y » FLINE(S 1, ABST(S)
2SCHRNE (5 « BMSSUM IS ) « 8UMs TOT(S3 s SFI{S T, ABINC(E) » v95(5)

AYSIEY L PO5(5), PO9I5)  CHANID (S, [JRED4a7, SCNCHT . FAZ (S IRK(1824) ,

3ICBR{4:

COMMON-BZBLCE- I TEMP(S512, 51, HISTIS, 28@1 : IPK(3921 1. [ZL {661, [YL{247,

LIXLC48), ICARDC4 Y, IHBI4S)
COMMOM-CZBLCE. ICARRES (2 MCLI2 1, EL2 PP Z3 . F2T: ZSCALECL7? D,
i IPRO(3.3), IREC, NOREL, NRELC, ISEC®, ISECL, ISECE, ISECS, MEULT).
516) FDRHgTiSith.'CH L1231 12X FB.6,6H SCANS)
@1 FORMRT (2012, "CH ’.‘IE!" 1, TEH . FE. @, BH SCRMS

2o FORMAT(LXK,5(F9.3
381 FORMATO1HL . 26K ENT OCCURRENCE H I
TAGIF1LL 4,900

IEAaM fys
&3 FOEMAT - °

COMPUTE MEAN + DEUVISTICNS IM TIME DOMSIN

1JE=5
[F(HMTIMES.EQ. 20 [JE=Z2
HREC= NFEE

SCHCHT = PEiéLlh.

CALL PLLR s
Crll. PCLE
0O 1% i=1

TEMPSCI y=19¢, ~TOTCI 2
PIHC-—BF(I:
RIHCE=RIMCH(RBINCC I3 2.7
0 5 J=1.206
HTEMP=HIST( I, J1-TOTL 1]

HMEAMC T 1 =MERHT T +¥TEMPERTMNCE

STOEUE ] 1=STREUC [ 1+2TEMPECRINCHE IMCHRINCHKARBINC (T 1 +ARTHCO O T 1k
LTAEBIMCCI 300

RIMNC=RIMC+SBIMCCI)

RIMCZ=RINCE+aBIMNCOL

HISTOI, Jr=HIST{ I JIATEMFSCT )
L COM LINUE
RHS5UML II*JQPTLaTDhAfI i :
STDEUL L 1 =5THEU T ) EAMNO DD
STREV T y=SURT(STBEWC T 1)
COMT IMNUE

I

1

PRIMT + PLOT HIZTOGESMS
SET PRINT PaGE + FLOT HERDINGS
FRINMT luﬁl.l;ﬂED

FRIMT PAGE SUBHESDIMGES
IFgIJEVEM. B bu T
FPRINT 181, LrﬁthriTl;amszla
B0OTD 4
TOPRINT Lo, CHEMID, TOTOL:
4 COMTIMNUE

LIME=4

DO e 1=1.5

I

STOG



ABSCC1I=~SF (1)
FLIMELI1=8.0
200  CONTINUE
KK=1
M=e
[0 285 K=1.6
50 TO (210.220,230.238.228.210), K
210 JMAX=10
JLUME=4
GO TO 240
220 JHAK=18
JLLMP=2
GO TO 249
238 JMAX=40
JLUMP=1
z43 DO 282 J=1,JMAX
DO 254 1=1, LJK
S5  FLIME(1)=0,0
47 DO 283 JJ=1,JLUMP
KSUB=KE+JJ-1
ABSC (17 =ABSCC1I+ABINC(I)
FLINE(I)=FL IME(1)+HIST( [, KSUB)
DONT IMUE
FLINE(1)=FLIME( 1 3/ILLUMP
CONT THUE
H=h+1
KE=KE+JLUMP
IF(LINE. GT.64) B0 TO 268
> 055 PRINT 10@@, (ABSC(I1 s FLINE(IY, I=1, TJK)
' LIME=LIME+1
> E0 TO 282
! zEe FRIMT 1001
270 LINE=1
50 TO 255

=Z8z CONT THUE
2BS COMHT THUE
P

[

C ALl HPLOT

C

PRIMT 1083, (STDEV(IJY, JJ=1. [JED
RETUEM
EMD



DO 98 k=1,5
EMasSUMiE) =g,

TOT(K2=0.2
9@ CONT INUE
IPRGE= IPABE+1

98 RETURN
169 FORMAT(IHL. 38X,V I BRATION ANARLYS3IS SUMMARY'
Koy 3@, 4RRE, 7D
161 FORMAT(37HSOCH 7. 12, 14%),7)
1861 FORMAT(Z7H, 20 CH " 12,11, )
102 FORMAT(4X, *STANDARD DEVIATION' .6X,5(5X:F3.3,2X) .}
103 FORMAT {43, A2, 1, 7R2, T8 L6 FS. 3. 21, 12
186 FORMAT (4 "EM3' 21K 5(EX: e R
185 FORMBT (s}
118 FORMAT(Z1X'T I ME PROCESSED.FI8.2:4%X,’S ECONDS
EMD

9¢-V
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SUBROUTINE SSUMONT'MES)

DIMENSION TPRCHTO? )

INTEGER CHARMID

DOUBLE PRECISION TOT

COMMOCN/AZBLCK-RAW(S1Z, 15)H BMSI(513: 5)  ACIE13:5)  XMEAN(S) »
1STDEMCE)Y . BIMWUIDTH(S) , TEMPS(5) , FRCTOR{(S) , FLINE(S) ,ABSC(S),
Z25CHAMNB IS Y, BMSSUMIS Y. SUM, TOT(S) . SF(5) ., ABINC(5) v95(57,
VS5 PSS (51, PO99¢5) , CHANID 5),IJRRD(4@),SENCNT,IQN(18343,
1ICBB(4)

COMMON-BZBLCK- I TEMPIE1Z2,5) s HIST (5, 2883 . IBX(3821 1, I2L068 ), IYLiA4),
1IXL (480, ICARB(4@), IHD (457

DATA TPEENT. 2HPE. ZHR .« Z2HEE. 2HNT . 2H L. 2HEU, 2HEL ~

BRTA 195: [199-2H9G, 2H99.-

COMPUTE 95 + 99 PER CENT LEVELS

1JK=5
IF(NTIMES.EG.2Y [JE=
DO 4 I=1.1JE

[SUR=1

SR =0

OPCT=&,

THRESH= . 9%

oD 1% J=1.20
HIST(I.Ji= HI:T(I;JD#TEHFS[I)

ASSIEN 58 TO M1

DO Z= J=1,108

Ji=1a@-{J-11

SUME =512 +HTTTEISUB,J13+HISTEISUE,J+1@@1
PCT=5UM2-TOT( 1)

[FCPCT. hT FHEESHJ B TO ML

OPCT=PCT

CONT IHUE

COMT THUE

=0 TO 75

PRSI =0 SE-OPCTIKBIMNNIDTHL [ 2~ {PCT-0OPLCT }
Pa5il FLORTCI-1 3 BINMIDTH( L 1 +v350 ] 33
THRESH= . 92

ASSIGM &3 TO N1

=0 T 26
TEEL ] = SS-ORCTIRKBINWIDTH. [ 3/ (PCT-0FCT
POy =(FLORTCI-L 3 BINWNIDTHC I 3439 1
H0 TO 48

PRIMT SUMMARY PELBE

CONTIMNUE
FRIMNT 1@, ICORD
PEINT 18t

IFCIJEVER.SY BO TO 19
FRIMT 1ol (CHAMIDOJIIY s Jd=1, TJK
=3 TO 14
FPEIMT 191 .CHENID
COMT THUE
PRIMT 1@2, cSTDEVC Ty, Jd=1, [JK?
PRINT 182, I5%, IPRCHT « (FI50IT0, II=1, I.JK)
FRIMT 183, 199, IPRCHT, (PY36.0J1, JJ=1, IJK)
PRIMNT 186G« (RMSSUMOII) . JI=1, TJED
I—'E‘ IHT 18

ny

CALL. FP[P&h|"m 1886, 157






