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1.0 INTRODUCTION 

The evaluation of the dynamic performance of newly-Jcvclopcll 
hardware, such as rail vehicles, plays an important role 111 
the design cycle. This report describes a metl1odology, 
referred to as modal analysis, which can be used to make a 
meaningful 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. 
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~odal analysis is basically tl1e 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 displacenent), pitch (angular displaccrnertt), 
and first or simple bending for a quasi-one-dimensional body. 
Each of these is easy to visualize and can be quite 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 LWFC 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
par1son 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 frequ~ncy 
obtained through modal analysis may provide valuable information 
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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 LWFC 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. 
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2.0 METHODOLOGY 

2.1 GENERAL CONCEPTS 

Modal analysis is kinematic 1n 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 further, 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 modes. 

In general, there are three linear modes and three rotatio•Iul 
modes necessary to describe the motion of a body in a three­
dimensional space (see Figure 2-1). These are referred to as 
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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 

ev'ery other point in the body. In other words, the body is 

infinitely rigid. In many applications, the six rigid-body 

modes are sufficient to describe the required or measured 

motion. 

There are, ho~ever, 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 fanilies 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, sucl1 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 
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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 comparison. 

For example, in the evaluation of a prototype system, such as 

a rail vehicle, it would be reasonable to compare the proto­

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 
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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 ILLUSTRATIVE 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. 

z (x, t) z (t) - ¢ (t)x + S 
1

(t)l3 
1

Cx) o o · yz yz 

+ Syz2(t)Byz2(x) (1) 

Equation (1) represents the measurement of a linear accelera­
tion, z, at an arbitrary distance, x, from the center of mass 
as a funEtion of t.~me, t. The bounce and pitch modes are 
denoted z (t) and¢ (t), respectively and are also functions of 0 0 
time. Note that because ¢ (t) is an angular acceleration, it 0 

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 vert ica 1 aq::e 1 era t ion. 
Each of these terms is made up of two parts. The first 
factor of each term,S , 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 
indicate~ 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. 
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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. 

B yzl 
2 1 + b 2x 

3 B = X + b 3x yz2 

(2) 

(3) 

The lower case b's are called the mode shape coefficients. 
Note that the leading coefficients b

0 
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: 

z(x,t) z (t) - ¢ (t)x 
0 0 

+ 8 1 Ct) + B 1 (t)b 2x 2 
yz yz 

3 
+ 8 2 Ct)x + 8 2 Ct)b 3x yz yz 
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Collecting terms in like powers of x; 

(5) 

The bracketed quantities are defined as follows: 

(6) 

(7) 

(8) 

(9) 

Now Equation (5) can be rewritten more compactly: 

z (x, t) ( 1 0) 

The left hand side of Equation (10), ~(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 

unknown coefficients; A
0

, A
1

, A
2

, and A
3

, can he evaluated. 

Figure 2~6 represents the four measurement locations on the 

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: 
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z 1 ( t) Ao + Alxl 
2 3 

= + A2xl + A3xl 

z 2 (t) A + Alx2 
2 3 

+ A2x2 + A3x2 0 

'1 3 z3 (t) A + A X + A2x3 + A3x3 0 1 3 

z 4 (t) A + Alx4 
2 3 (11) + A2x4 + A3x4 0 

which can be solved for the four unknowns; A through A3 . 
0 

In matrix notation nquation (11) becomes 

{Z} [X){A}, (12) 

z 1 ( t) A 
0 

in which {Z} 
z2 Ct) 

{A} 
A1 

- -
z3 Ct) A2 

z4 Ct) A3 

[X] r. 2 x3] - x.' X. ' 1 1 1 

where 1 = 1 to 4 ' resulting 1n a 4 X 4 matrix as shown in 

Equation (13) 

1 ' 
2 3 

xl, x1' x1 

1 ' 
2 3 

x2, x2' x2 
[X] (13) '\: 

1' 
2 3 

x3, x3' x3 

1' 
2 3 

x4' x4' x4 
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Proceeding in matrix notation, the solution of Equation (11) 

may be formally indicated as follows: 

ll4) 

Where [x] T 1·s th t t . f [X] e ranspose rna r1x o . 

Let (15) 

then Equation (12) becomes 

(16) 

(17) 

(18) 

where [I] is the identity matrix. 

(19) 

In any event the A coefficients are now known in terms of the 
~'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 A and A, . 
0 L 

The necessary additional relationships needed to decouple the 

modal accelerations are derived from equilibrium considerations. 
That is, 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, ~ 81 , and the ele­

mental mass, drn, must be zero. 
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L/2 

J dF 

- L/ 2 

L/2 

J z61 (x,t)dm = 0 

-L/2 
(20) 

where z
61 

is the acceleration attributed to the first bending 

mode. 

From inspection of Equation (1) 

(21) 

Also dm = p(x)dx (22) 

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

Equation (20) hecorncs 

L/2 

f B 1 Ct)B 1 (x)p(x)dx yz yz 0. (23) 

-L/2 

Because Byzl(t) is no~ a function of x it can be brought out­

side the integral sign and divided out of the equation to 

yield: 

12 

Byzl (x)p(x)dx 

-L/2 
0 (24) 

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

equals constant, Equation (24) becomes: 

L/2 

j (1 + b 2 x 2) dx 

- L/ 2 

0 ( 2 5) 
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Upon integrating Equation (25), 

3 ] L/ 2 3 

b2 ~ = ( 1 + b2 i2) 
-L/2 

0 (26) 

or 12 

17 (27) 

Substituting this value into Equation (8) gives 

Byzl (t) (28) 

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

z ( t) 
0 

(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 hy 
these equations. 

L/ 2 L/ 2 

f / rzs2(x,t) J 2 0 dT = 1 x x p(x)dx _ 
- L/ 2 - L I 2. 

Since dT xdF, Equation (3) becomes: 

L/2 

~{ xdF 
- Lj 2 

L/2 

J [Byz 2(x)Jx p(x)dx 
-L/2 

0 

2 x p(x)dx 

Since p(x) 1s a constant, equation (32) becomes, 
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L/2 

j [x + b 3x
3

Jxdx 0 (33) 
-L/2 

[x3 b3xsf/2 L3 
+ h L5 (34) = - + -- TI 3 5 - L/ 2 

~3 

86" 0 

b3 
20 

( 3 5) 
3L 2 

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

( -3 L2A 6yz2 t) = 20 3 (36) 

which, when substituted into Equation (7) yields 

<P(t) (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. In 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) bS (f) (38) 

Note, the subscripts have been dropped for simplicity. Both 

sides of Equation (38) are multiplied by the complex conjugate 

of the mode S*(f), 

S*(f)A(f) bS* (f) S (f). (39) 

The complex conjugate multiplication yields the cross and 

power spectral densities GSA(f) and GSB (f), respectively. Thus, 

the mode shape coefficient may be written as 

b ( 4 0) 

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 
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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. 
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The choice of the location of the individual. I incar <ICl"l'l ~ 

erometers is arbitrary, although with one primary considcr<ltit)n: 

the determinant, D of the product of [X] T a11d IX], 1aust 

not be zero or near zero. In matrix notation: 

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 

I 

relations provide sufficient additional information to enable 
solving explicitly for the modal components and mode-shape 
coefficients. 

The acceleration field at the specific location of each actual 
accelerometer lS 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 
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the adequacy of the initial choice of modal representation. 

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 1s 

derived with the aid of Figures 2-1 and 2-2. 
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.. 
x(y,z,t) :X (t) + cp (t)z 

0 0 

00 00 

+ L 6yxi (t)Byxi (z) + L 6zxj (t)Bzxj (y) 
i=l j=l 

00 00 

Proceeding in similar fashion for they- and z-directions: 

y(x,z,t) = y (t) - e (t)z + ~o(t)x 
0 0 

z(x,y,t) 

00 

+ L Bxym(t)Bxym(z) 
m=l 

+ L Tzk(t)Tzk(z)x -
k=l 

z (t) + 8 (t)y 
0 0 

00 

r=l 

00 

00 

+L Bzyn(t)Bzyn(x) 
n=l 

00 

' T (t)T (x)z L xq xq 
q=l 

( 4 2) 

00 

s=l 

00 

+ L Txq(t)Txq(x)y - L Ty~(t)Ty~(y)x 
q=l ~=1 

(43) 
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Equation (41) through (43) express linear acceleratil111 or ;1 

general body which is capable of not only the six rigid-body 
modes but the nine infinities of elastic-body modes. In 
reality, however, it is not actually necessary or possihle 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
lng 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 
1n 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-body 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 

J Bn (x) Bm (x) dx 

-L/2 

0 n f m (44) 

where B and B are the mode shape functions in question either n m 
both even or both odd. 
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The solution of this equation, however, involves non-linear 

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 
i 

expressions•for linear acceleration in terms of the chosen 

set of modes. 

This is followed by a decision represented by an elongated 

diamond in Figure 2-7. If, 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 1s a set of triples 

(x., y., z.) which are then used to calculate the X-matrix. 
l l l 

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 1s 
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Figure 2-7. Modal Analysis Flow Chart 
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known. From the X-matrix, the Q-matrix is determined (see 
Section 2.2) and its determinate, JQI, is evaluated. 

A second conditional branch is encountered. If jQj is zero 
or near zero, the instrumentation array must be re-evaluated 
and revised until jQj is sufficiently large. Again, the con­
dition of completion of testi11g arises. If the measurement 
of acceleration has not been made, a test is conducted to 
obtain this data. For the purposes of this discussion, it 1s 
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 
1s re-evaluated and a new jQj calculated. It should he 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 jQj. However, once a set of modes is 
determined and jQj 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. 
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3.0 PRACTICAL CONSIDERATIONS 

In the preceeding section the procedures for the general usc 

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 arc 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 1s 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 
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make their measurements with respect to inertial space, an 
explicit and easily understoo0. 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, is 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 S where z denotes the direction of action. In what yz 
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 
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TABLE 3-1 
CO~~ON NAMES OF RIGID BODY 

MODAL COMPONENTS OF ACCELERATION 

Component Common Name 

Vertical Translation Bounce 

Lateral Translation Sway 

Longitudinal 
- -Translation 

x-Axis Rotation Roll 

y-Axis Rotation Pitch 

z -Axis Rotation Yaw 

TABLE 3-2 
COMMON NAMES OF ELASTIC BODY 

COMPONENTS OF ACCELERATION 

Component Common Name 

Bending Mode 
Vertical (About y-Axis) 

Bending Mode 
Lateral (About z-Axis) 

Torsion Mode Torsion Mode (About x-Axis) 
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z-axis in the y-direction, B , will be referred to as lateral zy 
bending. Finally, the only torsional mode considered is about 

the x-axis, Tx' and will be referred to as simply the torsio11 

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. 

3.1.3 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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Figure 3-1. Axle Transducer Locations and Axes 
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Figure 3-2. 
carbodY Modes 
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An instrumentation array of seven accelerometers shown 

schematically in Figure 3-2 wi 11 proviue the necessary set 

of equations to Jetermine the seven moues or interest. ln 

fact, this set of equations can be written by inspection anJ 
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 design 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. 
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A practical alternative involves a piecewise solution. That 
is, the system of equations representing the local measurement 
of linear acceleration in one 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 1n one of the other directions. 
For example, roll contributes acceleration to both they 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 li~ited 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. 
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Once the A-vector has been solved the various terms that ;trc 

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

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 in 

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. 
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Figure 3-3 represents schematically a practical array of 

accelerometers which offers i small degree df 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. 

z 

1 

X 

X - longitudinal 6 roll 

Y - lateral + pitch 

Z - vertical + - yaw 

Figure 3-3. Schematic Array of Accelerometers 
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3.2 INSTRUM~NTATION 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 .acc~lerometers 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/sec 2 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 
3 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 can 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 
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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 liz. 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 lOOg 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 effect 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. 
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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 hi~h 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 this 
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 Liglttweight Flatcar Evaluation (LWFC) Program is presented 
as an exanple of the application and utility of Modal Analysis. 
!'-!odal 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 TilE LIGHTWEIGHT FLATCAR 
EVALUATION PROGRAM 

The Lightweight Flatcar Evaluation Program was designed to 
compare two prototype skeleton flatcars, referred to as light­
weight 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 th~ 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 
i11-service mileage under controlled conditions. The OTR test 
was designed to obtain data while the flatcars were being used 
1n revenue service. 
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Figure 4-1. Lightweight Flatcars TLDX61 and TLDX62 

4.1.1 FLATCARS 

Tests were conducted using three different flatcars: one 

conventional general 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 to transport 
only trailers and the other (TLDXoZ) 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 figure 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
cent2r. 

Figure 4-2. TLDX61 Flattar With Two Trailers 
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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 

tr~ilers 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 2Q2519, 202699, 202710, 202751) 

were employed during testing. All four trailers were manu­

factured during August and September 1974 and had been used 

1n service prior to the LWFC program. 

Figure 4-5. Instrumented Trailer 
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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 alumintlm sides and 

a wooden floor. These containers were 40 feet long, 8.5 feet 

wide and 8 feet high. Each container weighed 6,~50 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 ±Sg and a natural frequency of approxi­

mately 150 Hz with near critical damping. Resolution at 

full-scale conditions (5g) was ±O.Olg; at lg resolution was 

±0.003g; and at conditions characteristic of the piggyback 

environment (O.lg) resolution was ±O.OOlg or better. The Sg 

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 150Hz. 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. }1echanical Isolator 

Figure 4-7. Accelerometer/Isolator 
Package 
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NOTE: Dimensions 
are in feet 

Figure 4-8. Trailer Instrumentation Array 

Door 
End 

Top 
Surface 

NOTE: Dimensions 
are in feet 

Figure 4-9. 'lransducer Locations For Cont;:iner~; 
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12 

6 

B-END 

the eight measurement stations are shown in feet (±0.25 feet). 
The accelerometer locations on the containers are shown 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. 

___ j 

11,16 

10 

Accelerometer 

1 - 12 

13 - 16 

17 

y 

-+-----9-------~ ···~-·---8-~·L ______ .. 

~--------------~~x 

Direction 

Vertical 

Lateral 

Longitudinal 

2,14,17 

Figure 4-10. Schematic of Carbody Transducer Locations 
with Identification Numbers 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TJ\BLE 4-1 

TRJ\NSD!JCJ:R COORD f NJ\TES J:OH TLilX- C1 2 CJ\R 
(L/2 = 41 1 5") 

ID X 

Vertical 

43V 39'4-3/4" 

41V 31'1-3/8" 

40V 22'8-5/8" 
38V 10-3/4" 
37V -22'9-7/8" 
35V -39'4-1/8" 
44V 39'4-3/4" 
45V 22'9" 

46V 9-5/8" 
47V -22'9-3/4" 
36V -33'10-1/4" 
48V -39'3-3/4" 

Lateral 

42L 39'4" 

41L 31'9" 

39L 1'6-1/8" 

36L -33'3-5/8" 

Longitudinal 

41H 31'1-3/8" 

4-10 

y 

-3'5-1/4" 

10" 

-2'11-7/8" 

-2'10-3/8" 

-2'11-7/8" 

-3'5-1/2" 

3'5" 

2'11-5/8" 

2'10-7/8 11 

2'11-5/8" 

10-1/2" 

3'5-1/4" 

1'9" 

1'4" 

2'7" 

1'4-1/2" 

10" 



No. 

1 

2 

3 

4 

5 

6 
7 
I 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TABLE 4-2 

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

ID X 

Vertical 

27V 40'6-1/2" 

25V 31'3" 

24V 23'3-1/2" 

22V 3-3/8" 

21V -23'2-3/8" 

19V -40'7-1/2" 

52V 40'6-1/8!1 

53V 23'3-7/8" 

54V 3-1/2" 

55V -23'3-5/8" 

20V -37'7-3/4" 

56V -40'6-1/4" 

Lateral 

26L 41'1-3/4" 

25L 30'10-5/8" 

23L -1-3/4" 

20L -33'9-5/8" 

Longitudinal 

25H 30'1-5/8" 

4-11 

y 

-4'2-7/8" 

-10-1/2" 

-2'11-7/8" 

-2'10-3/4" 

-2'11-7/8" 

-4'3-1/2" 

4'3-1/4" 

3'-1/8" 
2'10-5/8" 

2'11-'!3/4" 

-10-1/2" 

3'-1/8" 

1'5" 

1'4-3/8" 

2'7-1/2" 

1'4-1/4" 

10-1/2" 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TABLE 4-3 

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

ID X 

Vertical 

34V 43'9-1/2" 

32V 31'10-7/8" 

31.1V 16'6" 

30V -8-1/2" 

29.1V -16'6-1/4" 

28V -43'9" 

49V 43'9-1/2" 

49.1V 16'5-1/4" 

sov 7-1/2" 

50.1V -16'6-1/2" 

29V -32'1/41! 

51V -43'6-3/4" 

Lateral 

33L 44'5-5/8" 

32L 33'9-1/2" 

31L 3-1/4" 

29L -32'2-1/2" 

Longitudinal 

32H 31'1-3/4" 

4-12 

y 

-4'3/4" 

7-5/8" 

-4'3/4" 

-4'3/4" 

-4'3/4" 

-4'3/4" 

4'3/4" 

4'3/4" 

4'3/4" 

4'3/4" 
: 

7-5/8'i 

4'3/4" 

1'8-1/2" 

9-1/4" 

-1'2-3/8" 

-1'4" 

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 e- ROLL 
Y- LATERAL <P- PITCH 
z- VERTICAL '1'- YAW 

I~ y == 3. 7 feet 
y ~I h == 0. 5 feet 

4 d 0.6 feet 

DIRECTION OF TRAVEL 

... 

Figure 4-11. Axle Transducer Locations and Axes 
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Figure 4-12. Schematic of Instrumentation and Recording System - T-5 Data Acquisition Car 



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 RaiJroad, 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 three flatcars amasseu the 

mileage while in regular freight revenue consists between 

RVT tests. 

Two test zones were chosen on tangent track. Test Zone 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 ~1P 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 ~f 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 tl1e 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 10 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 df 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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TABLE 4-5 

LADING CONF I c;IJRATI ONS TESTED ON Til 1: TllRlT 1: 1..\Tl>\RS 

DURING THE RVT AND OTR TEST SLRfl:S 

ONE EMPTY ONE · TWO ON!: EMPTY ONE 
TEST CAR EMPTY TRAILER LOADED LOADED CONTAINER LOADED 

(A-END) TRAILER TRAILERS (A-END) CONTAINER 
(A-END) (A-END) 

TLDX62 RVT 1 RVT 1 RVT RVT 1 
OTR OTR OTR 

TTAX RVT 1 RVT RVT 1 RVT 1 

OTR OTR OTR OTR 

TLDX62 RVT 1 RVT 1 RVT 

OTR OTR 
----------- - - ------- -~--------------

___l __ 

RVT 1 - Ride Vibration Test No. 1 only 

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

OTR - Over-the-Road Tests 

TWO 
LOADED 

CO~l'J'AI~'ERS 

RVT 1 
OTR 

RVT 1 
OTR 

---



+:-
1 

t--.1 
0 

Division 

1. L.A. 

2. 

3. 

4. Albq. 

5. 

6. 

7. N.M. 

8. Plains 

9. 

10. 

11. Middle 

12. 

T/\BLE 4-6 

SPECIAL TEST ZONES FOR OVER-TliE-ROAD TESTS (OTR) 

}.!P Location Grade Curvature 

735-725 Newberry Flat Tangent 

716-706 Pisgah 1% E.B. Reversed 2° 

656-646 Cadiz Sa a 
I b 

:Mostly Tang. 

527-517 Harris 1. 4 2 EB Numerous to 7° 

412-402 Eaglenest Sag, 10,000' Long 1° 
v.c. 1% 

231-221 Pinta To .6% EB Few Short 

888-878 Becker To .6% EB One 1° 

620-610 Black Rel. Flat Tangent 

408-398 Fargo Rel. Plat Tangent 

320-310 Loder Rel. Flat Tangent 

168-158 Aikman Undulating, E.B. Few Lt. 

25-15 Craig .6% W.B. Numerous -2o 

-----

Rail Remarks i 
I 

I 

w Double l 
I 

w Double 
I 
I 

w Concrete 
Ties 651-
650 DBL 

w Double 

w Double 

N.J./S.W. Double 

w Single 

w Single 

w Single 

w Single 

w Single 

w 15-20 Double 
J 20-25 ! 



Figure 4-15. Over-t;1e-Road Test C:onsist 

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 selection of 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 collect acceleration data on each flatcai 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 acquisition system was 
given a final checkout and placed on stand-by or hold. Due 
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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, a 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 

Tl1e 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. 
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Four clastic-body modes are also included: first and second 
vertical bending about they-axis; and first and second 
torsion about the x-axis. (Sec Figure 4-16). The mode shape 
functions are: 

B 1 b 2x 2 4 
yz]_(x)= + + b

4x (1) 

B 2 (x) b
3

x 3 
X + yz (2) 

Txl(x) 
3 

X + c
3x (3) 

(4) 

The resulting equations relating local accelerations to modal 
components of acceleration are: 

x(y,z,t) 

y(x,z,t) 

z(x,y,t) 

== x (t) + ¢ (t) z 
0 0 

y
0 

( t) - 8 ( t) z + ~ ( t) x 
0 0 

.. 
cp (t)x 

0 

2 
+ Tx

2 (t) (1 + c 2 x )y 
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X 

.. 
LONGITUDINAL 
ACCELERATION 

z 
VERTICAL 
(BOUNCE) 

y LATERAL SWAY 

FIRST BENDING MODE B 1(X) yz 

SECOND BENDING MODE B 2(X) yz 

SECOND TORSION MODE TX2(X) 

Figure 4-16. Rigid and Elastic Modes 
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The final equations, in the order in which they were solved, 
are: 

z(x,y,t) 

(8) 

in which A (t) - z ( t) + Byzl (t) 0 0 

.. 
A1 (t) - Byzz(t) - <Po (t) 

A2 (t) - Byzl (t)bz 

A3 (t) - Byz2(t)b3 

A4 (t) - syzl (t)b4 

A5 (t) = T xl ( t) -

A6 (t) - Txz(t)cz 

8 (t) + T z (t) 
0 X 

y(x,z,t) 

(9) 
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1n which AlO(t) - y (t) - Tx2(t) 0 

All(t) - ~ (t) - Txl (t) 0 

AlzCt) - - 1 x2c2 

Al3(t) - -Txl (t)c3 

.. 
A14(t) - -8

0
(t) 

x(y,z,t) A20 Ct) + A21 (t)z + A2z(t)y (10) 

1n which A20 Ct) - x (t) 
0 

A2l(t) - ¢ (t) 
0 

J'"2z(t) - -~o(t) 

Table 4-7 lists the time series coefficients (A.) and their 
l 

appropriate spatial coordinates. 

It is 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: 

(11) 

(12) 

(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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Time 

TABLE 4-7 
NOMENCLATURE 

Series Coefficients Powers 

A (t) 
0 

A1 (t) 

A2 (t) 

A3 (t) 

A4 (t) 

A
5 (t) 

A6 (t) 

A7 (t) 

A8 (t) 

AlO(t) 

All(t) 

Al2(t) 

Al3(t) 

Al4(t) 
!: 

A20 Ct) I 
I 
I 

A2l(t) 
\ 
i 
I 

A22 Ct) 
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of Spatial Coordinate 
0 

1 X = 

xl 

2 
X 

3 
X 

4 
X 

X y 

2 
X y 

3 
X y 

y 

0 
1 X = 

X 

2 
X 

3 
X 

z 

0 
1 X = 

z 

y 



where 

zo (t) A
0 

(t) 
Ml 

A 2 ( t) == + 
~r-

0 

¢0 (t) A1 (t) 
j\12 

== - Ml A3(t) 

J
L/2 2 M x np(x)dx 

n 
-L/2 

L/2 

Hs == J x
2
sJ(x)dx 

-L/2 

+ 
Hz 
M A4(t) (14) 

0 

(15) 

( 16) 

n 0 '1 '2 (17) 

s == 0,1 (18) 

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, M , are not radically affected by the gross n 
approximation of a homogeneous weight distribution. That is, 
if p(x) is approximated as a constant, p

0
, (the weight of the 

car divided by its length) one obtains the results summarized 
in Table 4-28. 
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~ 

Figure 4-17. Detailed Distribution (cant) 

TABLE 4-8 

APPROXU1ATION OF WEIGHT DISTRIBUTION 

p(x)* Po * Difference 

]YJ 19.86 19.86 0 
0 

Ml 6.52 6.62 1. 5% 

M2 3.21 3.97 24% 

1v13 2.21 2.84 28% 

p(x) and p are in units of cubic feet/unit length where one unit lgngth 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 lb/ft ) . Note also M
0 

as given above is for a quarter car. 
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Considering the effort to ollL1i11 p(x), which w:1s considerable, 
the above results show only marginal justi Cication. 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 innrtia distribution for the 
TLDX-61 car is shown in Figure 4-19 with the abscissa non­
dimensionalized by the carbody half length. 

00' 

Figure 4 -1 8. 

00 

Constant 

J(x) 2_2 = Constant 

Separation of the Polar ~.1omcnt of 
Inertia 
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Figure 4-19. Polar Moment of Inertia Distribution 

Integrating the moment of inertia distribution (Equation (18)), 

the value of H1 /H 0 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 M1 /M
0 

is 0.33 or 

only nine percent larger than H1 /H 0 . 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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b2 
GA2(t)Bzzl Ct) 

Gsyzl(t)Byzl (t) 
(19) 

b3 = 
GA3(t)Blz2(t) 

GByz2(t)Byz2(t) 
(20) 

GA4 (t)B l (t) 
b4 

lZ 
GByzl(t)Byzl(t) 

(21) 

G 
A6 (t) Tx 2 (t) 

c2 G 
Tx2(t)Tx2(t) 

( 2 2) 

G 
A7 (t)Tx 1 (t) 

c3 G 
Txl (t)Txl (t) 

(23) 

where G pq is the cross spectral density (CSD) of 'p with respect 

1s the power spectral density (PSD) of p. to q, and G pp 

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 Tx1 (t) and Tx 2 (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. 
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4.3.2 LOAD EQUATIONS 

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

x(y,z,t) x (t) + ¢ (t) z 
0 0 ~o(t)y (24) 

y(x,z,t) 

+ B 1 (t)B 1 (x) zy zy (25) 

z(x,y,t) (26) 

Lateral bending about the z-axis is the one elastic component 
included In the modal analysis. The associated mode shape 
function is 

B 1 (x) zy 

The decoupling relation, based on equilibrium of inertia 
forces is 

L/2 

J p(x)Bzyl(x)dx = 0 . 
-L/2 

( 2 7) 

(28) 

A bulk load may reasonably be approximated by a uniform mass 
distribution (p(x) = 1). Therefore, Equation (28) becomes 

L/2 L/2 

f B 1 (x)dx f (1 
2 

0 + d 2x )dx zy (29) 

-L/2 -L/ 2 

which has the solution 

d2 
12 

- -;y 
L~ 

(30) 
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Accordingly, 

B l _ 12 2 
zyl - 2 x (31) 

and can be used as an independent spatial coordinate. 

One linear acceleration in the longitudinal direction, four 
accelerations in the lateral direction, and three in the 
vertical direction were measured. The set of equations 
required to model this system is, therefore, comprised of 
one Equation (24), four Equations (25) and three Equations 
(26). The resulting set of equations may be written in 
matrix form as 

{a } m [X]{A} (32) 

where xl 

.Y2 
x 

0 

y3 Yo 

{am}= y4 

.Ys 

{A} 
zo 

-
e 

0 
.. 

z6 cpo 
.. 

z7 l/!0 

zs szyl (t) 

1 0 0 0 zl -yl 0 

0 1 0 -z 2 0 x2 Bzyl(x21 

0 1 0 -z3 0 x3 Bzyl (x3) 

[X] 0 1 
-

0 -z4 0 x4 Bzyl (x4) 

0 1 0 -zs 0 xs Bzyl(xs) 

0 0 1 y6 --X 0 0 
6 

0 0 1 y7 -X 0 0 
7 

0 0 1 Ys -xs 0 0 
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Note that the elements of the A-vector are subscripted con­
secutively regardless of orientation. 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: 

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

\ext, Equation (32) is substituted into this expression to 
obtain: 

(34) 

defining a square matrix S as 

Equation (34) can be written as: 

[S] {A} = [X]T{a} (35) 

Multiplying each side of Equation (33) by the inverse of the 
S-matrix, Equation (33) becomes 

(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 EQUATIO~S 

The axle modal components are the same as the load components 
with the exception of ¢ . Obviously rotation about the y-axis 0 
will not enter into accelerations on the axle, and therefore, 
only the five modal accelerations x

0
(t), y

0
(t), z

0
(t), 8

0
(t) 

and w (t) must be determined. 
0 

Five accelerometers 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 hi-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, 

x1 (t) xo (t) - ~o(t)yH (37) 

x 2 (t) = -x (t) - ~o(t)yH 0 (38) 

y3(t) = Yo(t) ·- S
0

(t)zL ~o(t)xL (39) 

z 4 ( t) z ( t) + Eio(t)yv 0 
( 4 0) 

z5 Ct) = z ( t) - eo(t)yv 0 (41) 

where YH y distance to e.g. longitudinal 
accelerometers = 3.7 ft. 

ZL z distance to e.g. of lateral 
accelerometers = 0.5 ft. 

XL = X distance to e.g. of lateral 
accelerometers = 0.6 ft. 
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y distance to e.g. of vertical 
accelerometers= j.7 ft. 

longitudinal accelerations at 
positions 1 and 2. 

lateral accelerations at Position 3. 

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: 

x (t) 
0 

z ( t) 
0 

8 ( t) 
0 

~ (t) 
0 

(42) 

( 43) 

( 43) 

(44) 

(45) 

( 46) 

This completes the solution of the axle modal components. 
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~-~ DATA PROCESSI~G 

Data processing involves two basic steps. First,the data is 

transformed from measured linear accelerations to mode accelera­
tions. This simply converts one set of time series to another. 
Second, the time series must he 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 performed 
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 
removed). 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 
whicl1 represent the amplitude at 256 equally spaced frequencies. 
The frequency increment (6£) is 

1 
N6t ( 4 7) 

where N is the number of samples (512) and 6t is the sample 
interval (1/128 second). Since ~f is 1/4 Hz, the highest 
frequency, (F), (the Nyquist frequency), is: 

64 Ilz ( 4 8) 

The Fourier series for each record is multiplied by its complex 
conjugate and scaled by 6f to yield the PSD. The PSD gives 
the mean square acceleration per 
Gi (i = 1, 2, ... , 256) for each 
culated by adding the calculated 

~f which is defined as 
An average PSD is cal-

G. for each second data 
1 

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 
Kas of interest and the data was heavily filtered above 30 Hz. 
The scale for the ordinate is given by the value YMAX which 

') 

is in units of g~/Hz, and is the maximum value of the ordinate 
(the minimum is zero). 
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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 

6f is constant, the value of rms acceleration z may be 
rms 

expressed as 

z rms 
1: 

(6fL:G.) 2 

. 1 
( 49) 

1 

This summation is performed only over the frequency band of 

interest (0 to 30Hz). 

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 l.Og 

and a frequency of 1.0 liz. The PSD of this signal is shown 

in Figure 4-21 . 

YHAX = . 19999E 01 
I I I d 

l 
.. 

' 1 1 1 ' 1 • • • 1 1 • t 1 1 1 • ' ' 1 1 1 1 ' 1 1 1 1 1 1 1 ' 1 1 ' 1 1 1 , I , , , , , , I 1 , ' , ' , 1 r t 

0 5 10 15 20 25 30 
HERTZ 

ZOBS 1 

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 G. which is 
1 1 

associated with the 6f or bin in which the frequency of the 

wave falls), the above equation yields 

(50) 
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The values of A(l.Og) and 6f(~Hz) result in a value of G 

which in this case corresponds to YHAX 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 1s shown in Figure 4-22, where three modes of a flat­

car arc 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 enuiVlent 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 lie in the region of 20 Hz. Th:e 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 zone 

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 4-8 

summarizes the lower, f
1

, center, fc, and upper frequency, fu, 

of each octave. 

TABLE 4-9 

OCTAVE FREQUENCY SUl\1MARY 

OCTAVE f (Hz) f (Hz) fu (Hz) 
1 c 

1 2.33 2 2.67 

2 2.67 4 5.33 

3 5.33 8 10.67 

4 10.67 16 21.33 

:·:OTE: Ck~<rJ(':-; were sclecteJ at random to cover as much of the 0 to 30 liz 

band 1:; po~~~;ihle. 

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 o.Z events within a test zone. 

An example of an octave rms history obtained during the OTR 

test series is presented in Figure 4-23. In 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 is 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 ln the calculation of the PDF which strictly 
speaking is an estimation, is the sorting or classifying of 
each discrete value of the mode acceleration time series, 
X., by amplitude. The result is a histogram which may be J 
thought of as a vector, Hi, with each element representing 
the number of occurrences falling within an assigned incremental 
range. The incremental range of eacl1 element is referred to 
as the bin width, W. 

W = (A - A . ) /N max mln (52) 

where N is the number of uniform bins and Amax and Amin are 
the expected (or known) upper and lower limits respectively 
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of the entire set of data. 

Thus, II 1 is the number of times that a mode acceleration 

sample, x. satisfies the condition 
J 

A . < X. < A . + W m1n J m1n 

In general, IIi is the number of occurrences for which Xj 

satisfies the condition 

Am
1
· n + ( i - 1) W < X. < A . + i W 

J m1n 

(53) 

(54) 

Following the completion of the filling of the vector Hi, 

it is divided by the total number of data samples observed 

N = l:H. 
1 

(55) 

The probability vector, P. is obtained from the expression 
1 

P. = H. /N 
1 1 

(56) 

The probability density vector, D., is obtained by dividing 
1 

each probability P. by the bin width W. 
1 

D. = P. /W 
1 1 

(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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PDF Distributions 
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the validity of the sample length. That is, from the Central 
Limit Theorem it 1s known that the PDF of a set of indepenJent 
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 

N 

(Xi-JJ)
2 

)/(N-1) 
2 (2 0 

i=l 
N 

where ]J = I X. /N 1 
i=l 

The 95 and 99 percentile levels, denoted 1 95 and 1 99 
respectively, are determined from the probability vector as 
follows: 

1 95 199 

0.95 = I P. and 0.99 =I P. 1 1 
i=l i=l 

2 N(Lxi2) -(l:xi )2 
0 

N(N-1) 

These percentile levels are useful 1n 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 RECO:tvlMENDATIONS 

5.1 GENERAL CONCLUSIONS 

The modal analysis of the output of an acceleromet~r 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 tl1e structure (the six rigid-body modes 

and the elastic-body rr.odes). Locally measured accelerations 

are difficult to interpret, but when transformed into kine­

matically equivalent modal components, the difficulty 111 

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

~eight Flatcar Program suDmarized in Section 4.0 is 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 beam 

on the centerline. Even thoup,h t!1e new cars were HTj l:o 28 nercent 

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 

a;:;sessment of dynamic response independent of structural con­

figuration. 

,\third fL';lturc of modal an;llysis is that it permits the con­

struL·tion l'f an :l(cclcratinn field for the structure. If this 
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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. But 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 l1ave shown that it is useful to partition a structural 

system into subsystems each l1aving its own coordinate system 

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 analysis. 

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, 
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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 data. 

5. 2 RECOJvlNENDATIONS 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. It 
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 
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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 lesser 

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 he 

posed 1s: What does the analyst need and what is the best 

means of displaying it? In addition to this, there is 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 1n 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 RECO:MMENDATIONS 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 com~onent 
. ~ 

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 1s 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 
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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 sample and hold 
amplifiers. 

The second finding of the LWFC Program which will benefit other 
investigations into tl1e dynamics of rail vehicles is that the 
acceleration levels in the 0-30-Hz frequency band do not 
increase dramatically witl1 frequency. Thus, above the carbody 
primary suspension system, the use of the low-frequency, 1.6 Hz, 
filter is not required. In 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 he almost an absolute necessity during 
the LWFC Program. 

5.4 RECOW~ENDATIONS 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 1n 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 
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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, it appears 

that the choice of limited polynomials, binomials and tri­

nomials may offer the possibility for the inclusibn 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 is 

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.l DESCRIPTION OF 0TR/RVT1/RVT3 PROCESSING 
SOFTWARE (PROGRAM MODULES) 

A.l.l 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.l.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. 

SETl - Forms X-matrix and determines (XTX)-lXT. 

MINV 

ACF3 

FNDA 

RESl 

HELP 

A2C 

~!COR 

~!ODL 

TITE 

LLAT 

RES2 

ELP2 

DOE 

- Computes matrix inverse. 

- Applies inverse filter (f = 1.6 Hz). c 
- Solves for the modal coefficients for vertical 

acceleration. 

- Computes residuals (vertical acceleration). 

- Plots observed data and residuals (vertical acceleration). 

- Converts modal coefficients to coordinates (vertical 
acceleration). 

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

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

- Determines plot titles. 

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

- Computes residuals (longitudinal and lateral). 

- Plots residuals (longitudinal and lateral). 

- Discards observed data. 
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A.l. 3 

SDS 

LDCH 

LD2 

SDl 

ACF 

LOADS ROUTINES 

Reads cards, begins load processing. 

- Prints dead channel information. 
. T -1 T 

- Porms X-matrix and determines (X X) X . 

- Controls further computations, comp-utes residuals. 

-Applies inverse filter (1.6 Hz). 

SPWRl - Computes PSD's of observed data or residuals. 

PZB - Plots observed data and residuals. 

CKM - Performs coordinate computations and prints results. 

SPWR - Computes PSD's of coordinates. 

A.l.4 AXLE ROUTINES 

AXL Performs axle computations and prints results. 

SPEC - Computes PSD's of coordinates. 

ACF4 -Applies inverse filter (1.6 Hz). 

A.l.S STATISTICS ROUTINES 

PROG - Controls statistics routines. 

ZXS - Performs zero crossings statistics. 

ZTITL - Determines zero crossings page header. 

HGDMP - Prints zero crossings histogram. 

OMS - Creates octave band RMS plot tape. 

STAT - Controls general statistics processing. 

SPLT - Determines maximum and minimum array values. 

STTD - Computes histogram values. 

SSCL - Determines histogram bins. 

STDl - Computes statistics. 

SPLT - Plots histogram. 

SPW,l - Prints statistical summary page. 
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A.2 MAIN DRIVER AND SETUP SOFTWARE 

A.2.1 FLOW CHART 

START 

MAIN 
DRIVER 
(LIP) 

READ AND 
UNPACK 

DATA FROH 
TAPE 

,----------'L---

REMOVE BIAS, 
OUTPUT DATA 

TO DISK 
(DUMP) 

PRINT 
TITLE 

(TOTLE) 

ICAR 

/ 
J}o 

> b (DATA DEMULTIPLEXED 
TO DISK) 

0 



DO 
CAR BODY 

STATISTICS 

DO 
LOADS 

PROCI~SS I NG 

DO 
LOADS 

STATISTICS 
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I AXLE 

DO 
AXLE 

PROCESSING 

DO 
AXLE 

STATISTICS 

STOP 
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A.2.2 SY~!BOLS FOR MAIN DRIVER AND SETUP ROUTINES 

ICAR - Flag to do carbody processing. 

ILOAD Flag to do loads processing. 

IAXLE Flag to do axles processing. 

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

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

TITLES - Titles for printout. 

I FILE 

IREC 

NOREC 

NREC 

NCHA~ 

MOVE 

ICDHD 

IBUF 

KAREA 

I WORK 

- Beginning file number. 

- Beginning record number. 

~umber 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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:f 

c 
c 
c 

PROGRAM LIP 

t1A I H DR I t.JER P!<!CJGf.H1 FOR UWC PRUCESS I ~·IG 

DOUBLE PRECIS I Ot-1 T I TL_£:03 
DOUBLE INTEGER I2.ECO, ISEC1, ISEC2, ISEC3 
INTEGER RE<:::; 
COt-Jr·JON/RZBLCK/~JORKl C514), l·lORK2C514), U:<CC512, 8), SCALED( 15), 

liBLKC 7168), I IJECC 512, 16), LOOD C2, 4), SPACEC7, 8, 4), I ABC C 2), LB, LE, I RCF, 
2~iTDC, NSTK, t1REC, I Lmm, I CHDDC 8, 2) , ><HC 8, 7, 4) , I CHAN, 1-lCHAN, I GNOP ( 11(J1) 

COf"li·iON/BZBLCK/ I St·lRL ( 8481 ) , I ZT I Tl_ ( 66) , I YTI n_ ( 24) , I ><T I TL ( 48) 
1, ICDHDC40), IHDC45l, IDUMC90) 

COMf"lON/CZBLCK/ I CAR, RES C 2) , r-JCL C 3) , EL2, PM C 2) , F2T, ZSCALE ( 17 ) , 
1 I PRO C ::::, 3) , I REC, NOREC, f-lREC, I SEC0, I SEC1, I SEC2, I SEC3, t1Cl) (?) 

COMMON/DZBLCK/XC17,3),YC17,3),ZC17,3) 
Cm1~10/{/BKT IT/TITLES ( 4 , 7 ) , UEC ( 2) 

10 FORt··JRH 13 I 5) 
20 FORt·JRT ( 40R2) 

READC2, H.'l,Et'ID=10\0'l0) ICAR, ILOAD, IA><LE, IPRO,UJP 
CALL t·J><t'l ( LOP ) 
READC2,20) ICDHD 
CALL TCITLE 
IFCICRR)2,4,2 

2 CRLL IORRC7, 30, 0) 
CALL IORAC9,200,0) 
CALL TDG3 

;J> 4 
I 5 

---.] 

CALL CAR 
IFCIPRDC1,1l+IPROC2,1l+IPROC3,1).NE.O 
IF( IUJAD)S, 5, 5 

CALL PROGCl) 

cor-nrtiUE 
CRLL IORr4C10,30,0) 
CALL IORAC9,200,0) 
CRLL SDS ( NTCC, .JRES) 

25 GlLL ICIRA ( 5, 198, 0 l 
CALL IORAC7,199,0) 
CALL IDRAC8,201,0) 
DO 30 IK=LB,LE 
CALL ·:m1 C I K, JFmS) 
IFCJRESJ 30, 26,::::0 

25 corn I r·iuE 
CALL P2B C flTCC) 

30 CU~T I NUE 
32 CALL ICIRA ( 10, 200, 0) 

CALL IORA(7,30,0) 
CALL CKt'l C I'HCC) 
IF ( I PRO C 1 , 2 HI PRO ( 2, 2 )+I PRO (3, 2) . HE. 0) CALL 
t'i0F:EC=0 

5 IFCIAXLE)7,8,7 
7 cmn r ~·lUE 

CALL IDRAC10,30,0) 
CRLL IORAC9,200,0) 
CAL. L_ R><l_ 

PROGC2) 

IFCIPROC1,3l+IPRDC2,3l+IPROC3,3).NE.0l CALL PROGC3l 
:3 cor··lT I r·iUE 

STOP 
1000 com r t·1UE 

~3TCIP 7 
END 



:f 

c 
c 
c 
c 
r· 

SUBROUT I r-1E ~1><~'-1 ~~LOP) 

t1 B'r' r~ 
UNPACKS TAPE -- INPUT DAT~1 PHCKED EUER'y' 12 B ITS 
CRH RERD TRPES UP TO 128 CHAN~1ELS 

I HTEGER RE<.::; 
DOUBLE It-JTEGER ISECO,ISEC1, lSEC:2, ISEC3, 

1 LSECO,LSEC1,LSEC2,LSEC3 
D IMHiS I Dri IHDR C :39) 
COt1t10N/"AZBLCK/ I l·JORK C 27672) 
Cm1t10t·VBZELCK- I BUF C 4896) , i'lmJE ( 4'3) , I AX C '3) , KAREA ( 3840) 
CDt1MON.···CZBLCK/KCAR, RES C 2) , ~1CL C :3) , EL2, Pt·l C 2) , F2T, ZSCALE ( 17) , 

1 IPROc::.::, 3), IREC, t'lOREC, t·4REC, ISEC0, ISEC1, ISEC2, ISEC3, r1CUC7) 
DATA IA, IE, IC, ID, IE, IFF, IS/5:t:~J, 1, 10/. 

1 0 FORf'1AT ( 2(?; I 4 ) 
15 FDR~1AT C 1H1, /, 6><, 4HF I LE, 4><, 5HREC 1, 4><, 5H~1. REC, 4><, 5Ht·i. OUT,/, 

14C5X, !5)) 
5 FDRt·lATC 5><, 5HSTART, 2><, 4 (I 7, 2><), ./, 7><, 3HE~iD, 2><, 4( 17, 2><)) 

20202 FORt1AT( 1H , 10><, 't'lREC = ' , I 5) 
21 FORMAT( 5><, 5H~i. REC, I 5, 5:~, 5HI'i. OUT, I 5) 
17 FORMATC16C2X,I4)) 
55 FDRt1AT C 45::<:, 11HTAPE HEADER,/, 57:, 39A2) 

READ(2, 10, EHD=1000.) I FILE, IREC, t·~OREC, HREC, NCHAti 
PR Ir'H 15 .IF I LE, I REC, NOREC , NREC .t·iCHAr"i 
IF O~CHAH. LE. 0) tlCHA~~ = 124 
ISECO='l 
CALL DKINTU), 8704, ISEC:O, LSECO, t·iREC) 

> PR I tH 20202, r~REC: 
I I SEC:1 =LSEC0+1 

00 CALL DKit'fTC 1, 8192, ISEC1, LSEC1, ~·JREC) 
PRINT 20202,NREC 
ISEC:2=LSEC1+1 
CALL DKINT(2,7580,ISEC:2,LSEC2,NREC) 
PR I I'H 20202, NREC 
ISEC:3=LSEC2+1 
CALL DKINTC3, 512, ISEC3, LSEC3, r·lREC) 
PR I tH 202E>2, t1REC 
PRINT 5, ISEC0, ISEC1, ISEC2, I~:JEC3, 

1. LSEC0,LSEC1,LSEC2,LSEC3 
nDREC= FLOAT C NREC) ::¥.512 . .-·:::o. 
IF C f'iOREC. GT. r-iOREC +1 ) t'lOREC=r-iOREC + 1 
t10f.:EC=FLOATCNOREC)t30. /512. 
PR I r··JT 21 , t'lOREC, t"lOREC 
IF(LOP. NE •. 0) RETURN 
CALL POPEN( Ir::l, IC, ID, IE, IFF, IS, IE) 
READ(2, 10,Ef"-ID=1000)f"i0J.)E 
PRI~H 17, MOUE 
CALL f'1TOPEJ'.I ( 8, 19) 

C I t·iPUT F I L.E CCI~~TROL 
I F ( I F I LE . LT. 2 ) GO TIJ ::::0 
JF=IFILE-1 
DO 20 I =1. JF 
CALL t1TOPEt1 C 8 , 21 ) 

20 em-IT I NJE 
30 CALl_ t1TOPEH ( 8, 9) 

CALL r-1T IO (8, IHDR, 3'3) 
I F ( I EOF ( 8 ) • l"·lE . 0 ) GO TIJ 11 0.0 



c INPUT PECORD CONTROL 
IF ( I REC, LT. 2 ) r;:;c:1 TO c.;o 
.JR= IREC-1 
DO 40 I =1, ,Jp 
CRLL f'lT I 0 ( 8, I BUF, 2973) 
IFCIEOFCBl.NE.OlGO TO 1100 

40 COrHINUE 
50 CDfiT I ~~UE 

PRifH 55, IHDR 
t·lP.EC:=O 

100 

200 

210 
:P 

I 

\0 

300 

:310 

900 

1000 

1100 

LOC:=l 
C:UiTINUE 
CRLL f'1TI0(8, IBUF,2973l 
IF (I EOFC 8). r··JE. 0 HiiO TO Sl0') 
f"1REC: = liREC: + 1 
I r·-m I f~C: = O~C:HRf·f:¥.3 ) /4 + 3 
I F C NC:Hi=iN . NE . 41:: U-JCHm~/ 4 ) ) I ND H~C 
I r·m>< = - I ND I r·~c + 7 
INTO = -f·~CHRf'l + 1 
DO 200 K=1,30 
IND>< = If·m>< + If·iDINC 
I r·no = I f'lTO + f·~CHRt" 

nmiNC + 1 

CRLL PI OR ( I BUF ( I r·m><) , 0, 12, 0, ~), (l, KRRER ( INTO) , 0, 15, 12, NCHRN) 
COI'~T I f·1UE 
I = 30t:NCHRN 
CRLL PSRRCKARER,l,KRRER,1,4,I,Ol 
HD0=30 
f"ll.)=O 
IF(LOC+29.GT.512lND0=513-LOC 
COI'HitlUE 
I f'1K= 1 
DO 300 I=1,49 
I ND>< = f"1[1~)E ( I ) +f1~.J 
IROl--J=LOC+C I-1H:512 
CRLL PREL ( KRRER ( I NDX) , NCHR!'i, I WORK ( I ROI.-J) , INK, t·mo, 0) 
COI'HI~iUE 
IF C LOC+29. LT. 512) GO TO 31.0 
CRLL DUf"lPCLOC,NDOl 
t1U= C 30-f'iDOJ tJ~CHR~1 
IFCfiDO. t·iE.30) GO TO 210 
CONTINUE 
LOC=LOC +tmO 
IF ( f'iREC. LT. f·iiJREC) GO TO 100 
CRLL PCLOS 
RETURN 
CDfHif'iUE 
CRLL PCLOS 
STOP 
cor·1T I r·1uE 
CRLL PCLOS 
STOP 1 
COI'H I r··JUE 
CRLL PCLOS 
STIJP 2 
Hm 



:F 

400 

410 

;:t> 
I 

I-' 
0• 

SUBROUTINE DUF"lP ( L_OC, ~iDCI) 
DI~1Hi5IOI-l ZC2l 
D I f"lEf'iS I Of'l PO.JNT C 512 l 
CDM~10ti/AZBLCK./ I ~~OR:K C 275?2) 
CDf'1t-1Dr'·I/BZBLCK/ I BUF C 8481 J , I ZLC 56) , I 'y'L( 24 l , I XU 48) , I CDHD ( 40 ) , I HD C 45 ) 
EQU I UALE~iCE C I BUF, POJ~H) 
DATA JREC0/0/ 
><:=1. /512. 
DO 400 1=1,48 
J= C I -1 HS12+1 
CALL PCNELCIWORKCJ),1,PDJNT,2,15,512,0) 
CALL PCONR ( POJNT, 2, >< , 0, Z, 2, 512 , 2, 15) 
CALL PSUBCZ,Q,POJNT,2,POJNT,2,512,15) 
CALL PCnF:;<CPOJf'lT,2, WORK(.]), 1.15,512.0) 
COtiT I ~··lLIE 
JREC0=JREC0+1 
CALL DKWRC1, IWDRKC8705),8192,JREC0,0l 
CALL DH.JT ( I STAT) 
CALL DK~-JR C 2, I ~-JORK C 16897 l , 7680, .JREC0, 0) 
CALL DK~-lT ( I STAT) 
CALL DKWRC3,IWORKC24577),512,JRECO,Ol 
CALL DH·JTC I STAT) 
CALL PRELCIWDRKC1),1,IWORKC8800),~,8704,0) 
DO 410 I=1,512 
,J=( I-1Ji:17+1 
II=I+8799 
CALL PRELC I~-~ORKC I I), 512, Il-JORE<CJ), 1, 17, 0) 
CONTit·iUE 
CALL DKWRCO, IWORKC1),8704,JRECO,Ol 
CRLL DFJ.JT C I STAT l 
LOC=1 
IFCNDO.EQ.30lLOC=-29 
IF c ~mo. f'·lE. 30) r-mo = 3o-~mo 
CALL PCLRC I l·lORK C 1) , 1, 256.00, 0) 
RETURN 
Er"-lD 

' 



:F 
SUBROUT I f'lE TOTLE 
DIMENSION IZTIT1C66), IYTIT1C24), IXTIT1C48l 
Dlt'1H-l:::.ION ISTR1 (39), ISTR2r:39), ISTR3C39) 
COI"1140f·1/BZELCK/ I Sf1RL ( 8481 ) , I 2T I TL ( 66) , I YT I 11 ( 24) , I XT I TL ( 48) 

1, ICDHDC40), IHDC45) 
DRTR ISTR1/1, 7, 13, 19, 25, 31. 37, 43, 49, 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/ 
DRTR I STR2/ 10:¥-1 , ?:t."S, 7:t:9, 5::t1 ::::. s:n 7, 5:t:21 / 
DATA I STR3/3:n, 3::t13, 2:t:25, 2#37, 3:U, 3:t:i3, 25, 3:t:1, 3ti3, 25, 3~ 1, 2t:13, 

13:t:1 '2::t13' 3:l:l, 2:.t1:3/ 
DATA I ZT IT 1 /2HLD, 2HNG, 2H IT, 2HUD, 2H IN, 2HRL, 4:t:2H , 2HS~~, 2HAY, 3:t:2H 

12HB0,2HUN,2HCE,4:t2H ,2HR0,2HLL,3:t2H ,2H P,2HIT,2HCH,4t:2H ,2H 'y', 

22HAW, 2H 1 , 2HST, 2H E, 2HH1, 2HD I , 2H~~G, 2H 2, 2HND, 2H B, 2HEN, 2HD I , 2HNG, 

32H 1,2HST,2H T,2HOR,2HSI,2HON,2H 2,2HND,2H T,2HOR,2HSI,2HOH.2H L, 
42HAT, 2H B, 2HEN, 2HD I , 2Ht·lG/ 

DATA I ·y·T I TL·'2HCA, 2HF: , 2HBO, 2HDY, 
12HA .2H- ,2HL0.2HRD, 
12HB ,2H- ,2HL0,2HAD, 
12HAA,2H- ,2HAX,2HLE, 
12HR , 2H-- , 2HAX, 2HLE, 
12HBB, 2H- , 2HR><, 2HLE/ 

DATA I><TIT1/5t2H ,2H ,2HG ,sJ:2H ,3:t2H ,2HRA,2HD/,2HSE,2HC/, 

12HSE,2HC ,3::t2H .3:t:2H ,2H G,2H /,2HUN,2HIT,2H D,2HIS,2HP .2:.t2H 
42H , 2H G, 2H /, 2HI:Jti, 2H IT. 2H D, 2H IS, 2HP/, 2HUN, 2H IT, 2H L, 2HEt·V 

DO 10 I=1,66 
I ZT I TU I ) = I ZT I T1 C I ) 

10 COt·lT I HUE 
:;I> DO 20 I = 1 , 24 
• I YT I TL ( I ) =I 't'T I T1 ( I ) 

f--' 20 COllT I l'lUE 
f-1 DO 30 I = 1 , 48 

I ::<T I TU I l = I><TI T 1 ( I ) 
30 CONTI ~~UE 

PRINT 100 
DO 40 I =1, 39 
I STl = I STR2 ( I ) 
IEN1=IST1+3 
I ST2= I ~::;TR1 ( I ) 
IEI'l2= IST2+5 
I~3T3= ISTR3( I) 
I El'i3 = I ST3+11 
PRlt'lT 50, I, CIYTITUJ),J=IST1, IEI'U), (I2TITL(J),J=I5T2, IEN2), 

1CIXTITLCJ),J=IST3,.IEN3l 
IFCI.EQ.10.0P.. I.EQ.24) PRINT 10101 
IF( I. EQ. 17. OR. I. EQ. 29. OR. I. EQ. 34) PRH~T 20202 

40 Cot-JT I NIJE 
PRINT t:.O 

100 FDRnAT OH1, 51><, 'CHANNEL DESCR I PTI OW , /./ 20X, 'NUMBER' , 11X, 'TYPE' , 
110><, 't1DDE', 15>~. 'Et'~GinEERING Ut-HTS'·, /) 

50 FORr-1AT(22>';, I2, 11><, 4A2, 4><, 6H2, 5><, 1282) 
60 FIJR~1AT (1H1) 

10101 F0Rf·1RT ( 1H0, /) 
202132 FtJRf·1RT ( 1 H0) 

RETURI'i 
Et·m 

/ 



A.3 CARBODY SOfTWARE 

A.3.1 FLOW CHART 

CAR BODY 
PROCESSING 

J 
PRELIMINARY 

FORMATION 
OF X-MATRIX 

(TOQS) 

1 
READ 
DATA 
CARDS 
(CAR) 

1 
PRINT DEAD 

CHANNEL 
INFOR~1ATION 

(QINV) 
QAZ t 
FORM X-MATRIX 

C0~1PUTE 

(XTX)-lXT 
(SETI) 

J 
INVERSE 
FILTER 
(ACF 3) 

1 
COMPUTE MODAL 
COEFFICIENTS 
FOR VERTICAL 
ACCELERATION 

(FNDA) 

1 
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=0 
RES (1) 

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 

(A2f-:l 

CALCULATE PSD'S 
AND POWER 

LEVELS OF MODAL 
COEFFICIENTS 

(MCOR) 

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

.._ ___ -.---t ----
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LON(;JTUDINAL AND LATERAL 
PROCLSS INC;, PLOT PSD' S 
OF COORDINATES (LLAT) 

\I 

RES ( 2) =0 

>0 

I 

RESIDUALS FOR LONGITUDINAL 
AND LATERAL ACCELERATION 

(RESZ) 

\I 

PLOT 
RESIDUALS 

(T~L P 2) 

... 
,.------.:« \1·------, 

DISCARD 
OBSERVED 

DATA 
(DOE) 

I 

RETURN 
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A. 3. 2 SY!'-lBOLS FOR CARBODY PROCRfu\1S 

EL2 - Mass distribution integral. 

PM(l-2) -Mass distribution integrals. 

f2T - Mass distribution integral. 

RES(l-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: 

zm(x,y,t) 

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

coordinates. 

YZOBS is the observed data (in QAZ). 

A(*,l) - A(*,9) are the modal coefficients A
0

, A1 , A2 , 

B
0

, B
1

, D
0

, D
1

, C
0

, c
1 

(in QAZ). 

X2X is XTX (in SETl). 

QIXT is (XTX) -lX (in SETl). 

:oBS is the observed data (in RESl). 

ZSTAK are the stacked spectral magnitudes of the observed data 

(in RESl, HELP). 

A-15 



AA(*,l)- AA(*,9) are the modal coefficients (in RESl). 

WORKl is AX (later) are the spectral magnitudes of the 

residuals (in RESl). 

WORK2 are the residuals (in RESl). 

RSTAK are the stacked spectral magnitudes of the residuals 

(in RESl, HELP). 

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

AOUT(*,l) - AOUT(*,9) are the modal coefficients (in AZC). 

AOUT(*,lO) 

AOUT(*,ll) 

AOUT(*,l2) 

AOUT(*,l3) 

AOUT (:I:, 14) = 

AOUT(*,lS) 

AOUT(*,8) 

PM(l) ~11 /Mo 

PM ( 2) M2/~fo 

z (t) bounce 
0 

al first 

¢ (t) 
0 

pitch 

az second 

e 
0 

(t) roll 

Bz second 

81 first 

FZB = -~!2/Ml 

FZT = Hl/Ho 

bending 

bending 

torsion 

torsion 
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AIN (in MCOR) = AOUT (in AZC). 

ACPOW(*,l) - ACPOW(*,6) are the PSD's of AOUT(*,lO) - AOUT(*,lS). 

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

al' a2' Bz, Bl. 

XPOW(*,l) - XPOW(*,S) are the cross-spectral densities for 

The mode shape function for the second bending mode is f 2 (x) = 

3 x + b 1x (in MODL). 

The torsion mode shape functions are q1 (x) 
2 

q 2 (x) = 1 + d
1

x 

Cl = VEC (1) c1 

Dl = VEC(2) = d1 

FFX is the X-matrix (in LLAT). 

3 x + c1x and 

YOBS contains the observed data 1n Channels 13 through 17. 

AA9 are the modal coefficients: AA9(*,8) e 
0 

T -1 T 
Solving B = (X X) X~, 

EF(*,l) = y
0 

sway 

EF(*,2) ~ 0 yaw 

AA9(*,7) now contains B1 

AA9(*,9) = B2 

EF(*,3) longitudinal acceleration 

A-17 
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c 

SUBROUT I t'lE CRR 
I r·-JTEGER RES 
DOUBLE PRECIS I Ot'l TITLES 
DOUBLE I t'1TEGER l SELO, I SED , 1 SE( :2, I :::EC3 
C0t4t10N/RZBLCK/ I l.RRG ( 27t:,72) 
CDt1MON/B7BI CK..- I S~1RL ( 8464 J, I DEDCH( 17), I ZLC66), I 'r'L ( 24), I ><L ( 48), 

1ICDHD(40), IHD(45) 
CDt1t1Dt~./CZELCK/. I CRR, RES I 2) , t1CL C 3) , EL2, Pf'l c 2) , F2T, ZSCRLE ( 1? ) , 

. IPROC3,3J, IREC,f'i0REC,t'1REC, ISECO,-ISEC1, ISEC2, ISEC3,~·1C~J(7) 
CDt1~10N../DZBLCL·<>( ( 1?, 3 .l, '( ( 17,3 I, Z ( 1?, 3) 
cor-1i40N.·BKT IT /T I TL E~3 C 4, 7) , l)EC C 2 l 
CRLL IDRR(7,30,0) 

C REfill PSD CRAI--l) FLRGS mm PLOT DELETE FLAGS 
c 

REHDI2, 15) EL2, (P~H I), I =1, 2), F2T 
READ ( 2, 11 l C RES C I ) , I = 1 , 2) 
RERD ( 2 , 11 ) U'lCU C I ) , I = 1 , 7 ) , U1CU I ) , I = 1 , 3 ) 

11 FO:Rf'1RT ( 10I 2 ) 
RERDC2,15JCZSCRLECIJ,I=1,17J 

15 FORMRTC8F10.0) 
CRLL IORR(9,200,0) 
CRLL Q I t-lU 
CRLL QRZ 
IFCRESC1Jl 1,3,1 

1 COrHI~iUE 
CRLL RE~;1 

::r> 3 emu I r-JuE 
I 

f-l 
00 

CRLL IDRR(10,30,0) 
CRLL IORRC8,200,0J 
CRLL IDRRC9,201,0) 
CRLL R2C 
ML T=t1CL ( 1) +f"1CL C 2)+r-·JCL ( 3) 
CRLL IORR(8,201,0) 
CRLL IORR ( 9, 200, 0) 
CRLL t·1CDR C t1L T ) 
IFCMLT) 14,20,14 

14 cmlT I i~UE 
CRLL IORRC9,202,0) 
CRLL IORRI8,200,0) 
CRLL LLRT 
CALL DOE 

20 RETURi'l 
am 
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::» 
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SUBROUT I f'lE TOQ~~ 
DIMENSION X1r511,Y1C51J,Z1l51l 
COMt·JON/DZELCK--->< ( 17, 3) , ·y· C 17, 3 ) , Z C 17, 3) 
DRTR ><L··. 9512072,.7512575,.54854:12,. 02:1529?8, -. SSl0553, -. 9499437, TI.D>~fo2 

1 . 95120724, . 5492958' . 01'3365197'-. 5508048'-. 8170443'-. 9491952' 
2 .. 934 •. 754,. 035, -. 791'. 739. 
3 . 97:31481, . 7~)902778, . 3655657, --.01574074,-. 3571;::'95,-. 9722;::22, TTH>< 
4 . 97314815 •. 3552778,.01388889 .. --.3575925.--.7115741.-.9500555. 
5 .988 •. 751, .006.-.7:16, .592. 
6 .9788732,. 7545272, .552'3742, .005790745,-.5501103,-.9808853, TLD!-~51 
7 .9781187 •. 5631288 •. 007042254.-.5525258.-.9089537.-.9783702. 
8 .977 •. 734.-.0035,-.803 •. 716/ 

DRTR Yl/-. 08299799, . 02012072,-. 07218310,-. 06916499,-. 0721830'3, TLD><62 
2-. 08350101' . 08249497, . 07158008' . 07017103' . 07158008' . 0211257t:: .. 
3 .. 08299799,. 042,. 032,. 051,. 033,. 02v}, 
4 -. 09027778' . 01412037'-. 09027778.-. 0'3027778'-. 09027778'-. 09027778 
5' . ')9et27778' . 09027778, . ()9027778' . 09027778 ~ . 01412037' . 09(l27'?78 ~ 
6 . (}38' . 017' -. 027' -. 03' . .01.4' 
7 -.1023542,-.02H2575,-.072183:10,-.05991952,-.o7218310,-.1035217, 
8 .1031187,.072586-12,.0596-5800, .07193159,-J?2112E.76, .07258612, 
9 . 034 •. 032,. 052 •. 032,. 021./ 

DATR Zl/12:t:O., .0045,-.00416, .0156,-.0044,-.0117, 
2 12t1). ,-.0022 •. 0036.-.0028 •. 0027.-.0013, 
3 12;·w., .oo47, .0032 •. 0057 •. 005.-.0185/ 

DO 5 I=l, 17 
IP=I+17 
IPP=IP+17 
>~([,1)=><1CI) 

/JI,2)=><1CIP) 
>U I , 3) =><1 ( I PP) 
Y C I , 1 l =\'1 C I ) 
\'(I, 2) =\'1 ( IP) 
'·( C I , 3) = \'1 ( I PP l 
Z(I,1)=Zl(I) 
ZCI,2)=Z1CIP) 
Z C I , 3) =Zl ( I PP) 

5 CUlT I liiJE 
RETUPN 
E~-m 

TTR>< 

TLD:<61 

TLD>,:62 
TTRX 
TLD:<61 
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::» 
I 

SUBROLIT I HE Q I f·IU 
COf·1f10f··VBZELCK/ I Sf·1RL C 8464) , I DEDCH ( 17) , I ZL ( 6f,) , I YL ( C:'4) • i :><~L- C 4:3) , 

1 I CDHD ( 4()) , I HD ( 4:,:; J 
15 FORf1RT ( iH0, 10><, 'DEAD CHA~iNELS' , /) 
45 FORf'1RT ( 1 H0, l5X, ' HOR I ZONTRL CHRf~NEL BRD, ~-~I U f'IIJT PROCESS LD~4G-LRT 

1 FOR . CRRBOD'·(' ) 
20 FDRf·1RTl15><, 'CH ' • I 2) 

5 FDRMATC17I4) 
RERDC2,5) !DEDCH 
ICI'H=0 
PRif·lT 15 
DO 10 !=1,17 
I F C IDEDCH C I ) . EQ . 0 ) GO TCI HJ 
P:RINT 20, I 
ICf'JT=!Cf'IT+l 

10 CONT I t'lLIE 
IF ( I DEDCH C 17) . f~E. 0) GO TO 40 
IF C I G-H. EQ. 0) PR HiT 25 

25 FORf'1RT C 15>< , ' NONE ' ·) 
PRir·lT 30 

:30 FORf·"JHT ( 1 HO , / ... ) 
27 corn r r·iUE 

RETURr~ 
40 PRI~H 45 

GO TD 27 
m·m 

N 
o· 
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SUEF10UT I t·iE QRZ 
ImEGER DUt1( 17) 
INTEGER RES 
DOUBLE I f-1TEGER I ~:3EC0, L~:ECO, I SEC 1 , I SEl '(-::1. I SEC3 
DOUBLE PRECIS I m-l DNCRR ( 3) 
Cm1~10N/AZELCK/AC512, 10), YZOBS( 17, 512), n~EGC24) 
COt1t1mi/BZELCK/F><C 12, 10), QI ><H 12, 10), 5. Il3ENC 7982 I. I DEDCH( 1?), 

1IZLC55i, 
1 I'/L( 24), I><U 48), I CDHD C 40), I HD( 45) 

COMMON/CZBLCK/ I CRR, RES ( 2) , f1CL ( 3) , EL2, Pt1 ( 2) , F2T, ZSCALE ( 17) , 
1 I PRO ( 3 , 3 ) , I REC , NOREC , r~REC , I 5EC0 , I SEC 1 , I SEC2 , I SEC3 , f1C\J ( 7 ) 

COT1f·10r-•k'DZELCK-<< C 17, 3) , \' ( 17, 3) , Z ( 17, 3) 
EQU I lJALENCE ( A ( 1 , 1 ) , DUM ( 1 ) ) 
DATA ITAP£2,·'9/, I PRifH/3/ ,.ICARDS./2,/, NQI /9/, KDEL• 1./, Im~/9215,' 
DATH I OFi<.-'215/ 
DRTR I E~W/20010/ 
DATA IA, IC, ID.IE, IF, ISUN,IB/4tO.~.?,O/ 
DATA Dt·iCRR/6HTLD>,52, 6HTTR><: , 5HTLD><61 .. / 
['-1=0 
PRINT 50~30 
~JR I TE C 3, 6002) Dt1CRR ( I CAF:) , ( ZSCALE ( I ) , I = 1 , 17) 
CALL SET1CKDEL) 
t"lREC=NREC 
CALL DK I NT ( 0, 87(2)4, I SECO, LSECO, /1REC) 

::t> PR r.t}T 4L_L.§EC~ .r-l~EC _ _ _ _ 
, 41 FORt1AT•.5>-.• (HL::.Ecu =,c:x, Il~:J, 10H 

CALL fvlTOPEt·i C I TRPE2, 19) N 
I-' 

Ct:t:1::t: 
C:t:;t;t:t: 

CALL ~1TOPEN ( I TAPE2, 3) 
READ t·1H-l HERDER FF~or·1 CARDS 
~-JR I TE t·ia-J HEADER ON OUTPUT TRPE 
CALL r··JT I 0 ( I TRPE2,. I CDHD, 85) 
CALL nn.JA IT ( I TAPE2, I STAT, nms) 

Ct.:t:::n: PR I /'lT t1B~ HERDER 
WRITE( I PRINT, 5003) ICDHD 

c 
Cttt:t: l-~R I TE F>-< ARRAY m-.1 OUTPUT TAPE 
c 

CALL nTIOC ITRPE2, F><, IOF><) 
CALL r-JTJ...~A IT C I TAPE2, I STAT, Nl-·.JDS) 

c 
c:t~.:t::t:t. OPH-.J THE APOLLO ARRAY PROCESSOR 

CALL POPENCIA,IC,ID,IE, IF,ISUN,IB) 
10 CmHINUE 

DO 33 IK=1, ~iREC 
C READ A BLOCK OF Z-DATA FROrl DISK 

CALL DKRDC0.A,8704, I:K.0) 
CALL DH.JT ( I STAT) 
IFCISTAT)'3002,20,9002 

20 CDriTI rillE 

MREC =, 15,/./) 

Ct::t::t:t FLOAT THE Z DATA FRDr1 THE A BUFFER TO THE Z AREA 
DO 25 I=1,17 

25 CALL PCNFLCDLI~H I), 17, 'r'ZOESC I, 1), 34, 15,512, 0) 
I F U'L GT . 0 ) GO TO 30 
UlLL RCF3C 17, -512) 
GIJ TO 31 

:30 COf'-lT I t·iUE 
CALL ACF3C17,512) 

31 CDriT H1UE 

(_ 



DO 32 I=1.17 
IFCI.GT.i2) GO TO 44 
IFCIDEDCH<I).EQ.0) GO TO 44 
CALL Pt1PYC'r'ZOESC I, 1), 34, 0. 0, e, YZOESC I, 1), 34,512, 15) 

44 CONTINUE 
CALL PCNFXCYZOBSC I, 1), 34, DU~H I), 1?.15, 512,0) 

32 CONTINUE 
D~: ~lR I TE TRE Z ARRAY C INPUT) 

CALL MTIOCITRPE2.A,8704) 
CALL MTWAI.TC ITAEE2, I STAT, WDS) 
CALL FNDR CI1Q I ) 

C~t: ~lR I TE THE A ARRAY (RESULT) 
CALL MTIOCITRPE2,R,I0W) 
CALL MTWRLT C I TAPE2, I STAT,· I L.JDS) 
N=N+1 

33 CONTINUE 
c 

9000 cm..JT I NUE 
CALL t1TOP.ENC ITAPE2, 17) 
CALL MTOPEN C I TRPE2, 1 '3) 
t,.lR fTE CI PRTNT, 6001) ~~ 
GO TO 43 
CALL PCLOS 

9002 PRINT 5002 
STOP 77 

43 CONTit'UE 
CALL PCLOS 
RETURN 

. 5000 FORMAT( I 1 ) 
' 5002 FORMAT C 1X, 10H I STAT. NE. 0) 
~ 5003 FORt·1ATC10X, 23HOIJTPUT TAPE DESCPIPTIOr'I/10X, 40R2/) 
N 5005 FOR~1AT ( 8Fi.0. 0) 
N 6001 FORNATC20X, IS, 2t~.,19HSOUJT:IONS PERFORMED) 

:6002 FORI1P-rTC1X, 14HCRR SELECTED , R6, 3X. 21HACCELEROMETER SCALING/ 
• 3(5>?.. 8F15. 5)) 
HiD 

~-.:~ ·_.,_·.-· .::-.·.:::-~·,_-; ·--~~~----~- '~::~·... ,. 



~F 

SUBROUTINE SET1CKDEL) 
INTEGER RES 
DOUBLE PRECIS I ON ><2><, D 
DOUBLE INTEGER ISEC0,LSEC0, ISEC1,ISEC2,ISEC3 
Dif·lENSION F::<1 C 12, 9) 
DIMENSION LC10),MCH.n 
COMMON/8ZELCK/FXC 12, 10), QIXTC 12, 10), s, X2X1 (9, 9), X2X(9, 9), 

1 IGEN<7577), IDEDCHC 17), I ZL (56), IYLC24), D<LC48), ICDHD( 40), IHDC 45) 
Cm1MON/CZELCK/ I CAR, RES C 2) , MCL ( 3) , EL2, Pf1 ( 2) , F2T, ZSCRLE ( 17) , 

1 IPROC3,3J, IREC,NOREC.NREC, ISEC0, ISEC1, ISEC2, ISEC3.MCl)C7l 
COMMON/DZBLCK/XC17,3l,YC17,3),ZC17,3) 
EQUIVALENCE CFX,FX1l 

505 FOR~1AT ( 1H0, //) 
4004 FORMATC1X,9D14.6l 

DO 5 ~1=1.12 
><I = >< (H , I CAR ) 
\'I =·y· (f-1, I CAR) 
F>< ( H , 1 ) = 1 . 0 
FX (f1, 2) =>< It:X I 
F>< C f'1 , 3 ) = F>< ( M , 2 ) *FY C M , 2 ) 
FXCH,4l=FXCM,2l*FXCM,3l 
FXU"l, 5) =XI 
FXCH,6J=FXCM,2J*XI 
FXC f·1, 7) ='1' I 
FXCM,Bl=FXCM,2l*YI 
F>< C f'1, 9 l =X I ::t:\' I 

>- 5 
FXCM,10l=FXCM,5l*YI 
CONTINUE 

I 

N 
c.,.; 

8 
10 

DO 10 t·1=1 .12 
IFC IDEDCHU·D. EQ. 0) GO TO 10 
DO 8 ~1t"1= 1 , 10 
FXC r-1, t1f·1) =0. 0 
cor-nrNuE 
COT·-ITINLJE 
NQI=9 
DO 12 r·1=1, 12 
DIJ 12 I =1. 6 
IP=I+3 
IPP=IP+1 
FX1CM,IPl=FXCM, IPPl 

12 cmHif'1UE 
DO 13 I=1,12 
PRINT 4004, CFX1CI,J),J=1,9l 

13 COIH I t·-liJE 
PRit·iT 505 
.JKL= ICAR 
DO 909 I =1. 9 
DO 909 K=1,9 
><2><C I ,Kl=0.0D0 
DO '309 J = 1 , i 2 
X2XCI,Kl=X2XCI,Kl+FXCJ,l)*FXCJ,K) 

909 COl'lT I r-~UE 
DO 15 1=1,9 
PR I HT 4004, C ><2>< C I , .J ) , .J = 1 , 9 ) 

15 c:m·JT I r··JUE 
PRINT 5('i5 
CALL MINUCX2X,9,D,L.MJ 
DO Et08 I = 1 , '3 



DO 808 J=1,9 
X2X1CI,J)=X2X(I,Jl 

808 CONTINUE 
DO 14 1=1.9 
PRINT 4004, CX2X1C!,J),J•1,9) 

14 CONTINUE 
DCJ 11 1•1,9 
DO 11 K=1,12 
QI><TCK, I) =0. 0 
DO 11 J=l,9 
QIXTCK, Il=QIXTCK,J)+X2X1(J,J)*FXCK,J) 

11 CONT I ~~UE 
PRINT 505 
DO 10101 I =1, 12 
PRINT 4004, CQIXTCI,Kl.K=1,9) 

10101 CONTINUE 

>-
\ 

N 
-P> 

PETURr~ 
Hm 



:F 
SUBRDUTI NE M I N\J ( A, !'~ , D , L .!"D 

C A - INPUT t-lRTR I X, DESTROYED IN COMPUTATION AND REPLRCED BY 
C RESULTANT I t'lVERSE 
C N - ORDER OF MRTRIX R 
C D - RESULTANT DETERt1 I tiRt'IT 
C L ·- ~~ORI< IJECTOR OF LENGTH N 
C n - WORK LJECTOR OF LENGTH N 
c 

c 
DOUBLE PRECISION A,D,BIGA,HOLD 
DIMENSION AC1),LC1),Mt1l 

SEARCH FOR LARGEST ELEMENT 
0=1.0 
NK=-N 
DO 80 I<=l,N 
NI<=NK+N 
L(l() =I< 
t·HK)=K 
KK=i~K+K 
BIGA=A(KK) 
DO 20 .J=K,N 
IZ=Nt(J-1) 
DO 20 I=K,N 
IJ=IZ+I 

10 IFCDABSr:BIGA). GE. DRBS(AC IJ))) GO TO 20 
c 

>-
' N 

(J1 20 
c 

-::lC 
'--' 

30 
c 

35 

38 

40 
c 
c 
c 

48 

50 

02 OT OG ))).JICACSBR.EG.)RGIBCSBACFI 
BIGR=ACIJ) 
LCD= I 
t-1(!() =~l 

Cot-HINUE 
I NTERCHRt~GE ROl--lS 

~T=L(l<) 

IF (J-1<)35,35,25 
:I< I =K-N 
DO 3('; I =-1 , N 
KI =KI+t'l 
HOLD=-ACKI) 
.JI=KI-K+.J 
AO<I)=A(JI) 
A (.J I ) =HOLD 

I riTERCHANGE COLUM~1S 
I =f1 C:U 
IF CI-K) 45,45,39 
JP=~ft( I-1) 
DO 40 ,J=l,N 
JK=NK+J 
.JI =.JP+.J 
HDLD=-A(JK) 
AU10=A(.JD 
RCTI )=HOLD 

D I l) I DE COLLJt·if'l B'-r' t·1 I NUS P I !JOT ( I)RLUE OF P I UOT ELEt1Ef'iT I S 
COfiTA I NED I t·-J E I GA ) 

45 IF CDABS ( BI GR) • GE. 1. 0D-20) GO TO 48 
D=0.0 
RETURN 
DO 55 I = 1 , t·l 
IFC I-1050, 55,50 
I I<= t··JK+ I 

84 OT OG )02·-E0.1. TG. )REJIBCSBRCFI 54 

c 

c 

c 



55 
c 

c 

60 
62 

65 

70 
75 

c 

c 
80 

c 

> 10(1 
I 

N 105 
0\ 

108 

1.10 
120 

125 

130 

150 

A'c I K) =A ( IK)/ ( -EIGA) 
CIJNTI~-.JUE 

REDUCE MATRIX 
DO 55 I =1. N 
IK=IiK+ I 
HDLD=ACIK) 
IJ=I-N 
DO 55 J=l, ~~ 
IJ=IJ+N 
IFC1-K)60,E.5,60 
IFCJ-K)62,65,62 
K.J=IJ-I+K 
ACIJ):HOLD*ACKJ)+ACIJ) 
CDf'H!NUE 

DllJ!DE ROW BY PIUDT 
K.J=K-t·i 
·Do 75 J~l,N 
KJ=KJ+t'i 
IF (.J-10 ?0, ?5, 70 
ACKJl=ACKJ)/EIGA 
CDiiTINLIE 

PRODUCT'3 OF PIIJOTS 
D=D:t:BIGA 

REPLACE PI \JOT B'r' RECIPROCAL 
ACKK)=l. 0/EfGR 
CONTINUE 

F I ~~RL Rm-J R~m COLUt1~·i AND I NTERCHRt-iGE 
K=~i 
K= I:K-1) 
IF CK) 150,150,105 
I =UKJ 
IFC I-ICr 120,120,108 
JQ=N¥CK-1) 
JR=Nt. C I-1) 
DO 110 ,J=1, N 
,JK=.JQ+.J 
HDLD=RCJK) 
.JI =.JR+J 
AUD=-ACJI) 
R C.J I ) =HOLD 
~T=IICK) 

IFCJ-K) 100,100,125 
KI =K-H 
DO 130 I =1, t·l 
KI =KI +t·i 
HOLD=ACKI) 
JI=KI-K+J 
AO~I) =-AC~TI) 

RUI )=HOLD 
GO TO 100 
PETUR~-l 
EnD 



:f 
SUBROUTINE ACF3(M,N) 
DOUBLE PRECISION A1,A2,XCHN,X1,X2 
D I HENS I ON ><MH 20) 
COMMON/RZBLCK/R(512, 10), 'r'ZOBS( 17, 512), INEGC24) 
DATA Rl, R2, ><~11./13. 3189758,0. 92445525, 20t:0. / 
IN=IABS(N) 
IM=M 
IFCN.GT.0) GO TO 20 
DO 10 I =1, In 
XMl (I) =YZOBS( I, 1) +''(ZOBS( I, 1) -'y'ZOBS( I, 2) 

10 CONTINUE 
20 CONTI ~iUE 

> 
I 

N 
'-1 

DO 40 I =1. H1 
XCH~~=XMl ( I ) 
DO 30 ,J=1, IN 
X1='r'ZOBS( I, J) 
X2=R1#( >,;1-A2#XCHN) 
YZDBS ( I , J) = SNGL ( >Q) 
><CHN=><l 

30 CONTI f'iUE 
><t-11 ( I ) = ><CHt'l 

40 COI'H I tiUE 
RETURN 
El'iD 



:F 

> 
I 

N 
00 

SUBROUTINE FNDA ( NQ I ) 
INTEGER RES 
DOUBLE INTEGER ISEC0,ISEC1,ISEC2, ISEC3 
DI~1EN5ION TQIC12,10) 
COMMQ!'f/AZBLCK/A(512, 10), YZOBSC 17,512), IHPC24) 
cm1t1DN/BZBLCK/F><02, 10), QD<TC12, 10), S, IGEC7982), I DEDCHC 17), 

1 IZLC56), 
1IYLC24), IXLC48), ICDHDC40), IHDC45) 
Cm1~1mVCZELCK/ I CftR, RES C 2) , MCL ( 3) , EL2, Pt1 ( 2) , F2T, ZSCALE C 17) , 

1 IPR0(3,3), IREC.NOREC,NREC, ISEC0,.ISEC1, ISEC2, ISEC3.~1ClJ(7) 
CALL PCLRCA,2,5120,15) 
DO 70 I=l,NQI 
DO 70 J=i. 12 
TQI (,J, I )=ZSCALECJHQD<T(.J, I) 

?(1 emu I NLIE 
DO 10 I = 1. NQ I 
DO 10 K=1,512 
DO 10 ~T = 1 , 12 
A O< , I ) =A C K. I ) + TQ I ( J , I ) :rr'ZOBS ( J , 10 

10 CONTI ~jLIE 
51 RETURN 

am 



:F 
SUEROUTI NE RES 1 
INTEGER RES 
DOUBLE INTEGER I SEC0, I SECl , I SEC2,, I SEC3 
INTEGER DUM 
DIMENSION DUMC12) 
COMI"l!JN.-·j:jZBLCK/AACS12, 9), ZOBSC12, 512), RSTAK( 12, 257) 
COr1MON/"BZBLCK/FX(12, 10), ~~ORK1 ( 514), WORK2(514), ZSTRKC 12,257), 

1IPLISC17), IZL<66), I'r'L<24), L'<L<48), ICDHDC40), IHDC45) 
COMMON/CZBLCK/ I CR.R, RES C 2) , MCL< 3) , EL2, PI'H 2) , F2T, ZSCALE ( 17) , 

1 IPRDC3,3), IREC,NOREC,~·nmc, ISEC0, ISEC1, ISEC2, ISEC3,r1ClJ\7) 
EQLJ I l)ALENCE ( AA, DUM) 
DATA IEND/Z0010/ 
DATA N/()/. 

DATA I A, I C, I D, IE ..IF, I SUN, I B/'4*0, 1, 7, 0/ 
SCALE=.005524272 
CALL l'lTOPEN ( 9, 19) 
f'lQI ~9 
KOT=9216 
KOT1=216 
CALL f1TOPEH ( 9, 9) 
CALL ~1Tl0(9, lCDHD, 85) 
CALL t1TWA IT ( 9, I STAT, H.JDS) 
IF C I STAT. AND. I END) 1, 1 , 9000 

1 COT'IT I NLIE 

>-9 
I 

N 
~ 

5 
C:f~'t:t::t 

CALL liTIOC9,F><,KDT1l 
CALL f·JT!,JAI T ( 9, I STAT, H·JDS) 
IF C I STAT. Ar-m. I END) 9. 9, 90\.)0 
CONTI~~LIE 
CALL POPENCIA,IC, ID,IE, IF,ISUN,IBJ 
CALL PCLRCRSTAK,2,3084,15) 
CALL PCLRCZSTAK,2,3084,15) 
COt-iT I f'1UE 
READ ZOBS ARRAY 
CALL r·1T I 0 ( 9, DUn, 8704 ) 
CALL f'1T!.-J81 T ( 9, I STAT, I ~·JDS) 
IFC I STAT. AJ-1D. IEt'iD) 11, 11.,1001 

1 l CrJNT I f'ILIE 

211 

DO 211 1=1,12 
CRLL PGiFL (DUn 1: I ) , 17, ZOBS ( I , 1) , 24, 15, 512, 0) 
CALL PMP\'CZDESC I, 1), 24, ZSCALEC I), 0, ZDESC I, 1), 24,512, 15) 
Cm·lT I f'iUE 
CALL t--1TI0(9, AA, KOT) 
CALL 11Tl.-JA IT ( '3 , I STAT , I ~4DS ) 
IFC I STAT. AND. IEtiD) 10, 10, H300 

10 CONTinUE 

[)f:;t;t::t: 
DO 100 I=1, 12 
COI1PUTE SPECTRAL r1AGN I TUDE OF ZOBS 
CALL PRELCZOBSCI,1l,24,WORK2,2,512,1) 
CRLL PFFT (!.JORK2, ~~ORK 1 , 0 , 2SE., 13) 
WORK1C513l=WORK1(2);t:2.0 
~·lORKl (2) =0. 0 
l·lORK1 (514) =0. 0 
~JORKl C 1 ) =L-IORK 1 1: 1 ) :t:2 . 
UlLL Pr··1P\'C~JORK1, 2, SCALE, o, ~·JDRKl, 2. 514, 15) 
~ALL PCSMCWORK1,4,WORK2,2.257,15) 
l·liJRK2 C 1) =0. 0 
CALL PADDCZSTAKC I, 1), 24, l·JOPK2, 2, ZSTAKC I, 1), 24,257, 15) 

1 C30 CONT I t-lUE 



DO 111 I =1 .12 
C~: COi1PUTE ZCALC 

CALL PRELCAAC1,1),2,WDRK1,2,512,1) 
DO 50 J=2,NQI 
CALL PMPY C AA ( 1 , ,J ) , 2 , FX ( I , ,J ) , 0 , ~~DRK2 , 2 , 512 , 15 ) 
CALL PADDCWDRK1,2,WORK2,2,WORK1,2,512,15) 

512l CONTINUE 
C*%** COMPUTE RESID=ZOBS-ZCALC 

CALL PSUBCWORK1,2,ZDBSCI,~),24,WORK2,2,512,15) 
C:t..n:t Cot1PUTE SPECTRAL MAGNITUDE OF RESIDUALS 

CALL PFFTC WORK2, ~.JORKl, 0, 256, 13) 
WORK1C513l=WORK1(2)*-2.0 
WORK1(2) =0. 0 
WORK1C514)=0.0 
~~OR I< 1 C 1 ) = ~.JOR!<l C 1 ) *2 . 
GiLL PMPYaJORI<l, 2, SC8LE, O,J..JORK1, 2, 514, 15) 
CALL PCSn C ~JORK1, 4, l.JORK2, 2, 257, 15) 
~JORK2 ( 1 ) =0. i?J 

Ct;t.H; STACK SPECTRRL MAGti I TUDE ARRA't'S 
CALL PADDC RSTAI<C I, 1), 24, ~mRK2, 2, RSTAKC I, 1), 24,257, 15) 

C*;;f:t::t; I f'iCREf'lENT STACK I f'iG CIJUfWER 
111 COIHII-lUE 

ti=~H1 
GO TO 5 

1001 CONTINUE 
1000 CONTI r-iUE 

9000 
;> 
I. b 

U-1 
0 

C:FlLL ~1TOPEI'1 C '3, 19) 
CALL HELPUD 
GO TO 6 
CONTif'iUE 
PRif'H 3001 
CotHINUE 
CALL PCLDS 
RETURN 

2000 FDRf1ATC2ISl 
20•31 FOR~1AT ( 8F10. 0) 
3~::?>:)() FOPI1AT ( 10><, 30HIJERTI CLE RCCELEfUJETER SCRLH1G, E15. 6/) 
3001 FORn8TC H?><, SSHEND OF FILE Ef'lCDUNTERED ~JH I LE ATTEMPTING TO REHD HEA 

:KDER) 
3002 FORMATe 10><, 22H INPUT TAPE DESCRIPTI Dr'i/10><, 4002/ 10><, 45P.2/) 
3003 FIJa1RTI1H1, '3/~, 21HRCCELERm1ETER SCRLHiG, 10E10. 4./30><, 7F10. 4) 

Et'iD 



:F 
SUBROUT I f'lE A2C 
INTEGER RES 
DOUBLE INTEGER !SEC!(), ISEC1., ISEC2, ISEC3 
DIMENSION A9C512, 9) 
COMMGN/AZBLCK/RGUTC512, 15), WK1 (512), ~~K2C512), IHDC85), LDLIMC216), IGU 

. (9963) 
CDMMOft/BZELCK/ IAEC (8464), I DEDCHC 17), I ZL C66), I'r'L C24), IXl. ( 48), 

1ICDHDC40),JHDC45) 
CDI',MON/CZBLC!V I CRR, RES ( 2) , ~1CL ( 3) , EL2, Pl'1 ( 2) , F2T, ZSCALE ( 17) , 

1 IPROC3,3), IREC,NOREC,NREC, ISEC0,-ISEC1, ISEC2, ISEC3,MCUC7) 
EQLI WALENCE (ROUT (1 , 1) , A9 (1 , 1) ) 

EQU I l)RLENCE ( A9, KDUM :' 
DATA IA, IC, ID, IE, IF, ISUNdB/4Jl(0,-1,10,0/ 
DATA ~-~, ITl, IT2, IEND/0,8,9,20010./ 
C-ALL nTOPENC ITl, 19) 
CALL 1'1TOP.ENC IT2, 19) 
CALL f"lTOPEN C I Tl , 9 l 
CALL 1'1TOJ'Et'i ( I T2 , 3) 
CALL ~1T I D ( I T1 , I CDHD , 85 ) 
CALL t1H-JAITC IT1, I STAT, IUDS) 
IFCISTAT.AND. lEND) 5,5,9000 

5 cmHINUE 
CALL f·lTIDC IT2, ICDHD, 85) 
CALL 11Tt--lA IT ( I T2, I STAT, t·i~~DS) 

> F2B=-PMC2l/PMC1) 
' PRHn 3013, n·1, F2T, F2B, EL2 

U-l ELG=32. 174/EL2 
r'-' 
·~ 
r ,_ 
c 

c 

READ PAST F>< Df'i I f·iPUT TAPE 

CALL f·lTIOC ITl,LDUf·l,216) 
CALL 11Tl-JAITCIT1, !STAT, Il-JDS) 
IF ( I STAT. miD. I Hm) 6, 6 ,'3000 

6 CDNTINUE 

C OPEN APOLLD 
c 

c 
CALL POPEN ( I A , I C , ID , IE , I F , I SUN , I 8) 

1 CIJI"·lTINUE 

C READ ZDES 
c 

c-

CALL f1T IO C I T1, A9, 8704) 
CALL ntl.JA IT ( I T1, I STAT, WDS;r 
IFCISTAT. Rr'iD. I HiD) 490,490,499 

490 CDI'!TINUE 
CALL 11TIIJ( IT2, A9, 8704) 
CALL m~~A IT ( I T2 , I STAT , I ~-ms) 

C READ RC512,9) 
c 

CALL t·1TICH IT1, A9, '3216) 
CALL MTWAITCITl, ISTAT,IWDS) 
IF ( I STAT. AriD. I [ .. JDS) 7, 7, 500 

7 emu I r·1uE 
CALL PCLR ( ~-Jl<2, <:', 512, 15) 
DD 10 I=2,3 
rru= r-1 



C:ALL PMP'/(R9C1, I), 2, Pt-H H11), 0, ~-JK1, 2, 512, 15l 
CALL PSUBCWK1,2,WK2,2,WK2,2,512,15) 

10 CONTINUE 
c 
C F0Rf1 Z-BDUI'·lCE Hi WK 1 = RZERO-RLPHA C 1 ) 
c 

CRLL PSUB U-JK2, 2 , A9 ( 1 , 1J , 2, ~.JK 1 , 2, 512, 15) 
c 
C ~-~RITE Z-BOUNCE AHD ALPHA( l l TO OUTPUT ARRAY 
c 

;p 
I 

lN 
N 
499 
500 

9~)0(~ 

CALL PRELCWK1,2,AOUTC1,10),2,512,1l 
CRLL PRELCWK2, 2, ROUTt 1. lU, 2, 512, U 
CALL PRELCR9(1,4),2,WK1,2,512,1l 
CALL PCUW-JK2, 2, 512, 15) 
CALL PSUB<WK1,2,WK2,2,WK2,2,512,15) 
CALL Pl"lPY C A9 ( 1 , 5) , 2, F2B, 0, 1--JK 1, 2, 5i2, 15) 
CALL PRDDC~.JKl, 2, l--JK2, 2, ~~K2, 2, 512, 15) 
CRLL PMPYCWK2.2,ELG,0,WK2,2,512,15l 
CALL PRELC~·JK2, 2, AOUTC1, 12), 2, 512, 1) 
CALL PRELCWK1.2,AOUTCi,13),2,512,~) 
CALL Pf1P'·t'CA9( 1, 7), 2, F2T, 0, ~-JK1, 2, 512, 15) 
CJiLL PADD C A':3( 1. 5), 2, ~~K1, 2, WJ<2, 2, 512, 15) 
CALL FRELCWK2,2,AOUTC1,14),2,512,~) 
CALL FI1PY ( RDUTC1, -14) , 2, ELG, 0, AIJUTC1, 14) , 2, 512, 15) 
CALL PSUBCWK2,2,R9(1,6J,2,WK1,2,512,15l 
CALL PRELn-.JKl, 2, AIJUTC1, 15), 2, 512, U 
CRLL f1TI 0 ( IT2 , ROUT, 15350 l 
CALL tm-JA IT ( I T2, I STRT, t··.J~lDS) 
r·-J=N+l 
130 TO 1 
COi--iTif·iUE 
CU-lT INUE 
CRLL f·1TOPEN ( I T1 , 19) 
CALL f1TOPEN ( I T2, 17) 
CRLL f·'lTOPEi·-l ( I T2, 1 '3) 
CALL PCLOS 
RETURri 
CONTII'lUE 
lJRITEC3, 3012) 
STOP 

2000 FOF:~1AT ( 4E15. 9) 
2001 FClRf'lRT C 40R2, 40R2, 5R2) 
30(10 FDRnAT( 1\Zf:><, 22HINPUT TAPE DESCRIPTION/lOX, 40A2/i0X, 45H2/) 
3002 F0Ri'1ATC 10><:, 23HOIJTPUT TAPE DESCRTPTiON/10><, 40A2/l0><, 45A2/) 
3€H2 FORr1ATC 10><, 19HEOF Di1 HEADER OR F><l 
3013 FORMAT UX, 31HTHE ~'lASS DI !::>l.R IBUTIDN INTEGRALS, 5E15. 6//) 

END 

c 



:f 

13 
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8 
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17 

SUBROUTINE MCOR(MLT) 
IrHEGER RES 
DOUBLE I tiTEGER I SEC0, I SEC 1 , I SEC2, I SEC3 
DOUBLE PRECISION TITLES 
COMMON/AZBLCK/AINC512,15),FTW1i514),FTW2(514),XPOW(514,5),CORFFT(5 

.14, 4), IEXC 1004) 
cm1MON/BZBLCIVACPm~C257, 7), IEPC4866), IDEDCHC17), IZLC66), IYLC24), 

1 I XU 48), 
1ICDHDC40), IHDC45) 

COMMDrVCZBLCIV I CRR, RES ( 2) , ~1CL ( 3) , EL2, PM ( 2) , F2T, ZSCALE ( 17) , 
1 IPR0(3, 3), IREC.t'lOREC, NREC, ISECG, ISEC1, ISEC2, ISEC3, r-10)(7) 

COMMON/BKTIT/TITLES( 4, 7), ~JECC2) 
DATA IA, IC, ID, IE.IF, ISUN,JB/4:t0, 1.10,ev 
DATA N, I T1 , IDSK, I PRINT, I CDR, I END/0, 8, 9, 3, 2, 20010/ 
DATA IBIT/20020/ 
SCAL£=1.4142135/256. 
CALL ~1TOPEtH IT 1, ·1'3 l 
IFCMLTl 13,48,13 
CONTI~iUE 
CALL MTOPEN ( I U3K, ·19 l 
f"1A><F=30 
CALL f·JTOPEN ( I T1 , 9) 
I F ct1L. T ) 8 , 4 7, 8 
COI'HINUE 
CALL ~1TOPEI"J( I DSK , 3 l 
CDNTI~~UE 
CALL t·JTIOC IT1. ICDHD, 85) 
CALL tm .. JAI T C I T1, I STAT, I hiDS) 
IF ( I STAT. At·m. I Et·m) 5, 5, 9~)01-'3 
COI'H I t·iUE 
I F ii1L T ) 1 7 , :3 , 1 '7 
CONTit·iiJE 
CALL f·1T I 0 ( I DSK , I CDHD , 85 ) 
CALL t-1TUR IT ( I DSK, I STAT, I WDS) 
IFC ISTAT.A~iD. !BIT) 3,3,900£, 

3 CDNTI~iUE 
Ctt:;t:-.:f: OPEl~ APOLLO PROCESSOR 

CRLL PCIPHH I A, I C, ID, IE, IF, I SUN, I B) 
c::n::ort:: 
C:t:t;t::t CLERR STRCK I NG ARRA'Y'S 

c 

CALL PCLR ( ACPm.J, 2, 1799, 15) 
CALL PCLR C><PmJ, 2, 2570, 15) 

1 cmnrNUE 

c:: RERD Rt··m · 1-JR ITE Z 
c 

CALL MTIOCIT1,AIN,8'7B4l 
CALL t·JnJA IT ( I T1, I STRT, I ~·JDS) 
IF (I STRT. Rt'lD. I EI-JD) 24,24, 7000 

24 COt·1T I NUE 
IFCMLTl 11,44,11 

11 corn r ~-JUE 
CRLL t-iT I 0( I DSK, Ri r·i, 8704) 
CALL r·mJAITC IDSK,.ISTRT, Il-JDS) 

44 CDriT I r·iUE 
CALL t·1TIOC ITl,RIN, 1535()) 
CRLL t·1Tl .. JR IT ( IT 1 , I :3TAT, r tl .. JDS) 
I FC I STAT. Rf·JD" I Hm) 2, 2, '700(1 



c 

2 CONTI fil.JE 
IF(MLTJ 12, 45,12 

12 CotHINUE 
CALL f1TIOC IDSK, AH'!C 1, 7), 9216) 
CALL ~1Tl-~AIT ( IDSK, I STAT, I WDS) 

C GET PSD S OF MODAL COO'R S - SAVING EFT S FOR XPQI...J 
c 

)> 
I 

(.N 

45 CONTINUE 
DO 50 1=1,6 
IM= l/2 
IP=I+9 
CALL PRELCAINC1, IP),2,FTW1,2,512,1J 
CALL PFFT C FTJ..Ji , FTJ..J2, 0, 255, 1:3 J 
FTI~2C513J "FT~~2C2J:f2. 
FTW2(2)=0. 
FTW2 ( 514) =(?. 
FT~~2C 1) =FTIJ2( 1 )::t:2. 
CALL Pf1P'-.' ( FT~·J2, 2, SCRLE, 0, FT~J2, 2, 514, 15 J 
IF ( ( I P/2) *2. 0. EQ. I P) GO TO 35 
CPLL PRELC FT~~2, 2, CORFFT C 1. H1 ) , 2, 514, 1) 

35 CONTINUE 
CALL PCSM ( FTJ..J2, 4, FTl·Ji, 2, 257, 15) 
r-H = 2:t: If'1 
IFCNI-Il 4,7,4 

4 FTI-11(1)=0. 
7 CONTINUE 

+>- 50 
CRLL PRDDCACPOWCl, Il,2,FTW1,2,RCPOWC1, !),2,257,15) 
CONTINUE 

r· 
1_. 

C GET EET8-1 PSD - SRV rr-1G FFT 

c 

CRLL PRELCRINC1,8),2,FTW1,2,512,1) 
CRL_L PFFT( FT!.-H , FT~.J2, 0, 255, 13 J 
FTJ...J2 C513) =FHJ2.(2J :t2. 
FTI·J2(2J =0. 
FTl.J2(514) =0. 
FTIJ2 ( 1 ) = FHJ2 ( 1 ) *2. 
CALL Pf'lP\' ( FTL.J2, 2, SCALE, 0, FTL·J2, 2, 514, 15) 
CALL PRELCFTW2,2,CORFFTC1,4),2,514,1J 
CALL PCSr-H FH-~2, 4, FTIH , 2, 257, 15) 
CALL Pf:IDD( ACPOW 1. 7) , 2, FT!-11 , 2, RCf'Ol,H 1 , 7) , 2, 257, 15) 

C NOl·-1 GET 5 ><Pm~' ~; 
c 

c 

DO 75 !=1,4 
IPn=I+1 
IP=2~ti+1 
CALL PRELCAINC1,IP),2,FTWL.2,512.~) 
CALL PFFT ( FT~-!1 , FT~-12, 0, 256, 13) 
FT~J2 C513) =FTL·J2 ( 2 ))!(2. 
FTW2(2)=0. 
FTI-12(514)=0. 
FHJ2 ( 1) =FTI-12 (1 ):t:2. 
CALL Pf""lF((fTJ:.J2, 2, SCALE, O, FTJ:.J2, 2, 514, 15) 
CRLL PCCON C FTJ:.J2, 4, CDPFFT C 1 , I ) , 4, FT'J..H , 4, 257, 15) 
CALL PADD O::Pm~ (1 , I PM) , 2, FTW 1 , 2, ><POl.-H 1 , I PM) , 2, 514, 15) 

75 COf'H I f'lLIE 

C r-lQL.J GET ><POl.J FOR A-1 ALPHA ( l ) 
c: 



CALL PRELCRIH( 1, 2), 2, FTt-.11, 2, 512,1) 
CRLL PFFT(FT~41, FHJ2, 0, 255, 13) 
FTW2C513l=FTW2C2)*2. 
FTI·J2(2) =0. 
Flli2C514)=0. 
Flli2C1 ):FTW2(1 )%.2. 
CRLL PMP'r"CFTW2, 2, SCRLE, 0, FnJ2, 2, 514, 15) 
CRLL PCCOI'H FTW2, 4, CORFFTC 1, 1) , 4, Fn.l1, 4, 257, 15) 
CRLL PADDCXPOt..lC 1, 1), 2, FHJ1, 2, XPOL-J( 1, 1), 2, 514, 15) 
N=~H1 
GO TO 1 

7000 CONTINUE 
c 
C NO:Rt·1RL I ZE POW Rt'iD ><Pm4 BY t·l 
c 

D~1= 1. 0/t'l 
CRLL PMPYCXPOWC1,1),2,DN,0,XPOWC1,1l,2,2570,15) 
CRLL PMPYCRCPOWC1,1),2,DN,O,ACPDWC1,1),2,1799,15l 
CRLL t10DL ( ~1A><F , MLT) 
IF U1L T) 60, 9006, 60 

60 CO~HINUE 
130 TO 9005 

9000 CONT H'iUE 
~-lRITEC I PRINT, 3012) 

9005 CONTINUE 
CRL.L r-1TOPEt·1 ( I DSK, 1? l 

9006 RETURN 
2001 FORt1RT 40A2/"40R2/5A2) 
2002 FDR~1RT 3 I 5 ) 
300~?1 FORt-iRT 10><, 22H I t"iPUT THPE DESCP I PT IOt'l/10><, 40R2/10X, 45A2/) 
30tl2 FORMAT 1 O><, 23HOIJTPIJT TAPE DESCRIPTION/ 10><, 40A2 / 10><, 45R2/) 
3012 FOPr-lRT 10><, 13HEOF ON HERDER) 

> 
I 

C.. 'I 
U1 

a·m 



:F 

501 

SUBROUTINE ~10DL C ~1A><F, MLT) 
INTEGER RES 
DOUBLE INTEGER ISEC0, ISECi, ISEC2, ISEC3 
DOUBLE PRECIS ION TITLES 
D It1EH5 I Of'i IDAT ( 3) 
DH1ENSION RC2), LBU6) 
DIMENS!Ot·i L·JK1 CS14), LJK2CS14) 
Cot'1MOWAZBLCK/AHH512, 15), FTW1C514), FTLJ2C514), XPOL.J(514, 5), CfJRFFTC5 

• 14, 4), IEXC1004) 
Cot'1MOf'1/BZBLCK/ACPOLJ C 257, 7) , I EP ( 4856) , I DEDCH C 17) , I ZL C 66) , I YL ( 24) , 

1 IXLC48), 
1 ICDHDC40), IHDC45) 

COMf'101'VCZBLClV I CRR, RES ( 2) , ~1CL ( 3) , EL2, Pl'"l ( 2) , F2T, ZSCRLE ( 17) , 
1 IPRDC3,3), IREC,NOREC,NREC, ISEC0,·ISECi, ISEG2, ISEC3,MCUC7) 
COI'1~101'VBKTIT/TITLESC4, 7), UECC2) 
EQUIUALENCE CIRRST,AINC1,1)) 
EQLJ I URLENCE ( FTI.-J 1, W< 1 ) , ( FTI-J2 , LJK2 ) 
DATA I DAT/2HE1, 2HD1, 2HC1/ 
CRLL TITE 
~iPTP =f1AXF::t.:4 
DO 5131 I = 1 , 6 
LBL C I ) = I :t:MA><F /6+. 5 
CONTINUE 
m1=1. 0 
DO S10 !=1,7 
IFCMCU(!)) 8.510,8 

8 Cot'Hit·iUE 
>- IFC C I. EO. 1 I. OR. (I. EQ. 4). OR. C I. EQ.7)) PRINT 3001, ICDHD 
~ F=0. 

1-1=0 
0\ CALL HPLOT.CACPQl-1(1, IJ.t·iPTF.1. IRASI,65.100.228.F.G) 

PR I t-IT 3003, L_BL 

502 
510 

PR WT 30:02, (TITLES ( J, I ) , J = 1 , 4) 
CALL PC::DntH ACPm~ C1 , I ) , 2, DM, 0, R, 2, ~~PTP, 2, 15) 
RC 1) =f.:C 1 n: .. 2S 
RUT=SQRTCR( 1)) 

IFCCI.EQ.3).0R.CI.E0.5))G0 TO 502 
PR I r·n 3005, F: ( .1 I , RUT 
GO TO 510 
PR I t·1T 300&, R ( 1 ) , RUT 
CDi·-tTINUE 
IFO··JLT) 1, 5, 1 

1 CONTI t·iUE 
LMA::<=•3 
TMA><=---320.0.0. 
DO 6 I= 1. 12~3 
IFCACFU.-1( I ,7) .LT. TMR>O GO TO 6 

T11f=.'4i< = AC::Pm-l ( I , 7 ) 
U1H><= I 

6 conn r··1uE 
I f·!D = 2:tU"1AI( -1 
DIJ 7 I=L3 
IP=I+l 
IPT=2*IP 
IF( I. EQ. 3) IPT= IPT-1 
IPP=I+2 
CALL PDii..)(ACPmJ(1, IPT) ,2,><Pm~C1, IPP) ,4,~-.IK1C:t) ,4,257, 15) 
CALL PD IU CACPOL.-1 ( 1, I PT), 2, ><POl.·J ( 2, IPP), 4, [.,JI<1.(2), 4, 257, 15) 



IFCI.EQ.i) B1=WK1(1) 
IFCI.EQ.2l U1:WK1C1) 
IFCI.EQ.3) C1=WK1(IND) 

7 CDr'~TINUE 
UEC(l)=Cl 
I.JEC(2)=Dl 

3001 FORMAT( 1Hi. /S0X, 8HCAR BODY, /50X, 40A2) 
3002 FORMRT(54X,4A6,/) 
3003 FORMATC29X, 1H0, 2C10X, 12, 10X, 12, i1X, I2)....-60X, SHHERTZ/) 
3005 FDRMATC20>{, 28HTOTRL Pm.JER IN 30 HERTZ BR~m. E15. 6, S><, 15HG' 5 1'1EAN SQ 

• UARE/'48X, E15. 6, SX, ·3HRMS./) 
3006 FORMAT(20X,28HTOTAL Pm~ER IN 30 HERTZ BAND,E15.6,5X,25HCRAD/'SEC/SE 

• C) MEAN SQUARE, /48X, E15. 6,SX, 3HEMSi') 
3009 FOR~1AT C 35X, 34H-PHASE OF MODE SHAPE COEFFICIENT R-, 11 , //) 
3013 FORf1RT ( 35X, 38HMAGN ITUDE OF MODE SHAPE COEF'FI C I ENT A-, I 1 ,//) 
3014 FDRnATC35X, 38HREflL PART OF MODE SHAPE COEFFICIENT R-, Il,//) 
3015 FORMAT(3SX, 43Hir~JHGI~~AR'r' PART OF MODE SHAPE COEFFICIENT A-, I 1././) 
3030 FOR~1AT ( D<, 15 OX, .10E12. 4/) /) 
3040 FORMAT ( 35>~, 37HMAGN I TUDE OF l10DE SHAPE COEFFICIENT , A2/) 
3'-141 FOR~1AT ( 35X, 37HRERL PART OF MODE SHAPE COEFFICIENT , A2/) 
3042 FORMAT (35X, 42H I f'1RG I NRR'r' PART OF ~10DE SHAPE COEFFICIENT , A2/) 
3043 FORt"lAT ( 35:<, 33HPHASE OF f·lODE SHAPE CDEFF I C IENT , R2/) 

~ 
I 

lN 
-..:! 

5 CDr'iT I NUE 
CALL PCLOS 
RETURN 
Erm 



:F 

> 
I 

(.N 

00 

SUBROUTINE' TITE 
DOUBLE PRECISION RIT,TITLES 
DIMENSION TITLESC4,7) 
COMt10tVBKTIT/RIT(4, 7), UECC2) 
DATA<CTITLESCI,J), I=1,4),J=1,1)/6HBOUNCE,6H MODE ,2*6H / 
DATA ( C TITLES ( I , ~r) , I = 1. 4 ) , J = 2, 2) /6!-IF I RST , 6HBEND IN, 6HG ~10DE, 6H . ,..~ 

DATACCTITLES(I,.J), I=1,4),.J=3,3)/6HPITCH ,5HMODE ,2::f:5H / 
DATA ( CT I TLES C I , J) , I = 1 , 4 ) , J = 4, 4) /GHSECOND, 5H BBm I , 5HNG MOD, 

.5HE / 
DATAC CTITLESC I, J), I =1. 4), J=S, 5)/6HROLL M, 6HODE , 2::t;:6H / 
DATA( CTITLESC I, J), I=l, 4), J=6, 6)/GHSECDND, 5H TORSI, 5HON t·10D, 

.5HE / 
DATA< (TITLES CI , J) , I "'1 , 4) , J =?, 7) /6HFI RST , 5HTORS IO, 5Hr·i r·lODE, 5H . / 

DO 5 I "'h 4 
DO 5 ~T=l,? 
RITe I, J) =TITLES( I, J) 

5 CDriTINUE 
RETUR~1 
END 



:F 

c 

~ 
I 

SUBROUTINE LLAT 
INTEGER RES 
DOUBLE INTEGER I SEC0, I SEC~, I SEC2 .I SEC3 
DOUBLE PRECISION TITLES 
D It1ENS ID~~ l RY (17, 512) 
DIMENSION Tm1PC512, 4) 
COMHON/r:lZBLCK/f4f49(512, 9), \'085(5, 5~2), L.JORKH514), ~.JORK2C514), 

• RSTKC25?,4J,YSTKC257,4J,YPC512,4);EFC512,3) 
COMMON/EZBLCI</SRC514• 3), EFPC257, 3), Gl (4) ,fi:2C4)-. R(2), FF><;(4), LBLC6), 

i I AX (3804 J, I DEDCH(i 7), IZU66), I \'U24), IXU 48), ICDHD( 40), IHD(45) 
Cm1MON/CZBLCK/ICRR, RESC2J, MCL(3), EL2, PMC2), F2T, ZSCRLEC 17), 

1 IPRDC3,3), IREC,NOREC.NREC, ISEC0, ISEC1, ISEC2, ISEC3,t'JCUC7) 
COMMOI't-· DZBLC!( .. ··x C 17, 3) , V C 17, 3) , Z ( 17, 3) 
Cm1~10N .. ··'BKT IT/TITLES ( 4, 7) , L.JEC ( 2) 
EQU I UALENCE C FlR9, I R\') 
EQUIUALENCECRR9(1,1l,TEMP(1,1)) 
EQU I lJALENCE C I RRST, RR9) 
EQUIURLENCE CIDEDCHC17J,ID17) 
DRTR N, ITl, IT2, IEOF/0, 8, 9, 20010./ 
DRTR IA, IC, ID, IE, IF, ISU~'l •. IB.-·'A::W, 1,10,0/ 
DATA IFL/0/ 

t.N 1::.0 
'D 

B=SQRTC2.0)/256. 
~iPTP:120 
ELG=32.174/EL2 
DO 150 I=1,6 
LBLC I) =5::KI 
IFCID17.NE.GJ GO m 16 

c 
C FORf·1 LITO I f'll)ERSE 
c 

SUI'11=0. 0 
CNT:0.0 
:::U12=0. 0 
DO 12 .J=1, 4 
.JP=~T+12 
IF\ IDEDCHCJP). EO. G.) GO TO 15 
><CJP, ICRR) =0. 0 
CNT=UiT+l. 0 

15 CONTII'-lUE 
FF>< C J ) = >< 1: JP , I CAR ) 
><.JP I = >< (.JP , I CR:R ) 
><2 = ><JP I ;t:><JP I 
G 1 C .J ) = ><JP I ::t ( 1 • O+VEC C 1 ) :t:::<2 ) 
G2CJ) =1. O+UEC C2):t:>2 
SUf'11 =SUf"ll +><.JP I 
:3UM2= SUt12+>UP I tXJP I 

12 cmHINUE 
COEF=4. -Cf'-lT 
IFCCOEF.LT.2.0) GO TO 16 
GO TO 17 

16 PF:::If·JT 18 
RETURf'l 

H3 FOFt·JRTUHCZ~, 10><,' H·lSIJFFICIEI'H Dr~TR TO CRLCULRTE 1'10DRL COORDS. FOR 
l L0t'-lC:3-LRT' , /) 

1? DH1=C:OEF:t:SUf12-SUr!U:'3UrU 
0 I 11 =SUf'i2.-TtEH 
DI 12=-SUIU/DEt·-J 



QI22;COEF/DH~ 
c 
C INPUT 
c 

c 

c 

CALL MTOPEI'i C ITl, 19) 
CALL l"lTDPEN ( IT 1 , 9) 
CALL ~1TDPEN C I T2, 19) 
CALL 1'1TOPEN C I T2, 3) 

CALL MTIOCIT1,ICDHD,85) 
CALL MTWAITCIT1, !STAT, IWDS) 
CALL MTI 0 ( I T2, I CDHD, 85) 
CALL MTWA IT C I T2, I STAT, ~~WDS) 

CALL POP EN C I A , I C , ID , I E , I F , I SUN , I B) 
CALL PCLRCEFP,2,771,15) 

1 CONTI~~UE 
c 
C READ 2-DATA INTO A-ARPA'/ 
,~ 

c 

CALL f·lT I 0 C I Tl , AA9, 8704 l 
CALL MTWAITCIT1, ISTAT,IWDSl 
IF C I STAT. Af'm. I EOF) 98, 98, 7000 

98 CONTI ~1UE 

C FLOAT 2-DATA I rHO 2-ARF~A't' 
c 

c 

DO 3 1;1.5 
IP;l+12 

~ CALL PUjEL ( I PY ( I P, 1 ) , 17, ''(DES ( I , 1 ) , 10, 15, 512, 0) 
' CALL Pf"1PY C YOBS ( I , 1 ) , 10 , ZSCALE C I P ) , 0 , YOES C I , 1) , 10, 512 , 15 ) 
~ 3 CONTINUE ° CALL f'-1TI Q( ITL AA9, 9216) 

CALL MTWAITCIT1, !STAT, IWDSl 
CALL PRELCAA9C1,2l,2,AA9C1,7l,2,512,1) 

C GET NHJ 'r'-PRHlE Tif1E SERIES 
c 

c: 

DO 11 I'=L512 
DO 9 ,J;l ,4 
.JP=J+12 
ZJPI =ZCJP, ICAR) 
TB1PC I, J) =ZJPI:tCRA9C I, 8HAA9C I, 7)#G1 CJHAA9C I, 9):tG2CJ)) 
YP C I , ,J ) = 'y'OBS C J , I ) + TEt1P C I , .J ) 

9 cmnrr·~uE 
11 cor·n I r·JuE 

C SOUJE FOR 'y'O--DD Af·m PSIO-DD 
c 

DO 14 .J=l, 512 
RH31=0.0 
RH:32=0. 0 
DO 4 I=1,4 
RH31=RHS1+YPCJ, IJ 
RHS2 = RHS2+'/P C J, I ) :tFF>< ( I ) 

'i emu I NJE 
EFC ,J, 1 :' =QI 1 LfRHSl+JJ I i2:*:.RHS2 
EFC J, 2J =DI.12;t:.RH:31+DI22:i:.RHS2 
EFCJ,3)=YOESC5,JJ+EFCJ.2J:tYC17, ICARl-RA9CJ,6)#ZC17,ICARJ 

14 C::Ol·tT I r--!UE 



c 

IFCIFL-1) 5,31,31 
5 CONTINUE 

CRLL r··1T I 0 ( I T2, EF, 3072) 
CALL i1TWA IT ( I T2, I STAT .r-4~JDS) 

C DLJTF'UT 
c 
c 

c 

CRLL Pf1P'f ( EF ( 1 , 2 ) , 2 , ELG , 0, EF ( 1 , 2 ) , 2 , 512 , 15 ) 
DO 30 J=1.3 
CALL PFFT C EF C 1 , .J ) , SA C 1 , ._T ) , 0 , 255 , 13 l 
SAC513,J)=SAC2,Jl*2.0 
SAC2. Ll) =0. 0 
SRC514. LT)=O. 0 
5AC1,J)=SRC1.Jl*2. 
CALL PMPYCSRC1,J),2,B,0,SAC1,J),2,514,15l 
CALL PCSMCSAC1,J),4,WDRK1,2,257,15) 
~~ORK1 C 1 J =0. 
CRLL PADDfEFPC 1, J), 2dJORKL 2, EFPC 1, J), 2, 257, 15) 

30 CONTINUE 
GO TO 32 

31 CDNTH4UE 
CALL RE52 

32 n=ri+1 
GO TO 1 

c 
7000 C:::Ol"HI~4UE 

7001 
IFCIFL-1) 7001,7002,7002 
C:::Dl'HI~4UE 

>-
' -1'>-

f-l 

on= 1 . O/i'·l 
CALL PMPYCEFPO, u, 2. DN, e.EFPO, u, 2, 771. iSJ 
PR I f'lT 3013, I CDHD 
DM=i. 0 
DO 99 .J = 1 , :3 
F=0.0 
G=0.0 
CALL HPLOI C EFP ( 1, J) , t'1PTP, 1 , I RAST, 66, 100, 228, F, G) 
PRINT 30\34, LBL 
IF (.J. EQ . 3) PRINT 3003 
IF C .J. EQ. 2) PR I I'H 3()02 
IF (.J. EQ. i) PR H-iT 3001 
CALL PCONR CEFP U., J) , 2, Dr1, (l, E, 2., f'iPTF', 2, 15) 
R (1 J = R C 1) * . 25 
RUT=-SQRTC PC 1) l 
IF (J. EQ. 2) PRINT 3006, E (1 ) , EUT 
I F C ( .J . EQ . 1) . DR . ( ,J • EQ . 3 ) ) PR I NT 30i!:.)5 , R ( 1) , RUT 

99 CDNT I r-4UE 
IFCRESC2J) 34,43,34 

34 CONTI f·-1\..JE 
r···i=O 
IFL_=1 
CALL f'1TOPEl'4 ( I T1, 1'3) 
CALL f'"lTOPEll c IT 1 , 9) 
CALL MTIOCIT1,IHD,85) 
CALL r--1TWAITCIT1,ISTAT,IWDSl 
CRLL PCLR ( 'y'STK, 2 ~ ·1028 3 15) 
CALL PCLPCRSTK, 2,.1028, 15) 
GO TO 1 

'i'002 m·i=1. 0/f'·l 



CALL PMPYCYSTK,2,DN,0,YSTK,2,1028,15) 
CALL Pt-1PY(RSTI<, 2, DN, 0, RSTK, 2, 1028, 15) 
Dr'i=100. 
DM=l. 
CALL ELP2CDf'1, Dr-1) 

3001 FOR~1RT C 57X, 9HSl-IRY t10DE, /) 
3002 FOR~1AT ( 57X, 8HYA~.J MODE, /) 
3003 FORMATC57X,17HLONGITUDINAL MODE,/) 
3004 FORnRT( 29X, 1H0, 2 ( 10><, I 2, 1.0X, I 2, 11X, I 2) /60X, 5HHERTZ/) 
3005 FTIRnATC20X, 28HTOTRL PO!-JER It-i 30 HERTZ BAf'm, E15. 6, S-<.15HG' 5 MEAt'! SQ 

.U~E/48X,E15.6,5X,3HRMS/) 
3005 FOR~1AT( 20X, 28HTDTHL PO!-JER IN 30 HERTZ BRf'm, E15. 6, 5','<, 25H ( RAD/SEC/SE 

• C) ~1EAN SQLIRRE/ 48~<, E15. 6, 5><, 3HRMS/) 
3013 FORMATC1Hl.,/50X,8HCAR BODY,/50X,40A2) 

43 CONTINUE 

> 
I ..,.. 

N 

CALL ~1TIDC IT2, 17) 
CALL MTIOCIT2,19) 
CALL PCLOS 
RETU:Rt-i 
END 



:F 

c 

SUBROUTINE RES2 
DOUBLE PRECISION TITLES 
Dit1EN5ION TEMPC512. 4) 
CDr1HON/AZBLCiVAA9C 512, 9), .YOBSC 5, 512), WORI<1 ( 514). ~-JORK2 C 514), 

. R5TKC257,4),YSTKC257,4J,YPC512,4),EFC512,3) 
Cm1~10N--BZBLCK/SR<S14, 3), EFPC257, 3), G1 C4), G2C4), R(2), FFXC4), LEL(5), 

1IAXC3804), IDEDCHC17), IZLC56), I'r'LC24), IXLC48), ICDHDC40), IHDC45) 
COMMON/DZBLCK/XC17,3l,YC17,3J,ZC17,3l 
Cot1MON/BKTI T /TITLES C 4, 7) , l.JEC C 2 ) 
EGllJil}ALENCECAA9C 1, 1), TEr1P( 1,1)) 
B=5QRTC2.)/256. 

C Cot1PUTE Y-CRLC. + GAMi1A 
c 

c 

DO 111 I =1, 4 
CALL PRELCEFC1, 1l ,2,~~0RK1,2o512, 1) 
CALL PMP'r'CEFC 1, 2), 2, FF><C I), 0,!-JOR1~2. 2, 512, 15) 
CALL Pt=1DDWORK1, 2, ~JORK2, 2, ~~ORK1, 2, 512, 15) 
CALL PSLJBCTEMPCl,·I), 2, ~·JORK1, 2, l.-JORK1. 2, 512, 15) 

C COMPUTE RES !DUALS = YP-\'-CALC. Ar·m GET PSD' S 
c 

~ 
I ...,. 

lN 

111 

100 

CRLL PSUBH-JORK1, 2, YOESC I, 1), 10, l.JORK2, 2, 512, 15) 
CALL PFFT U-JORK2, L.JORK 1 , 0, 256, 13) 
WORK1(513l=WORK1C2l*2.0 
l.JOF~Kl C 2) =0. 
LmRK1 C514) =0. 
WORK1C1l=WORK1(1l%2.0 
CALL Pr··lPYnJORt-:1, 2, B, ~3. ~.JORK1, 2, 514, 15) 
Ct=lLL PCSMCWDRK1,4,WORK2,2.257,15) 
l·JORK2 C 1 l =0. 
CRLL PRDDCRSTK( 1, I), 2, f,.JORIQ, 2, F~STK( 1, I), 2, 257, 15) 
CONTINUE 
DO 100 I=1,4 
CRLL PREL ( 'y'OBS C I , 1) , 10, l--IORK2, 2, 512, 1 ) 
CALL PFFTH·JORK2, ~JORK 1 , 0, 256, 13) 
WORK1C513l=WORK1C2l*2.0 
~·JORKl (2) =0. 
~~O.RK1 ( 514) =0. 
l--IOF~Kl ( 1) =~JORKH 1 H2. 0 
CALL PMPYCWO.RK1,2,B,0,WORK1,2,514,15) 
CALL PCS~1 ( l~ORK1 , 4, l·JORK2, 2, 257, 15) 
l.~O.RK2 ( 1 ) =0. 
CRLL PADDC YSTKC 1, I), 2, l-·.JORK2, 2, 'y'STK(l, I), 2, 257, 15) 
CONTit--JUE 
PETURt·-4 
END 



:f 

c 
c 
c 

~ 
I 

+:> 
+:> 

SUBROUTINE DOE 
DOUBLE INTEGER SEC0,SEC1,SEC2,SEC3 
INTEGER RES 
Cm1~10N./AZBLCK/f:H512, 10), 8<512, 5), IHDC85), IEXC12227) 
CDMHON/CZBLCK/ I COO, RES C 2) , t1CL ( 3 l , EL2, PM ( 2) , F2T, ZSCALE C 17 l , I PRO ( 3, 3 

. ) , I REC, ~mREC, NREC, I SECO, I SEC 1 , I SEC2, I SEC3, MCU C 7) 
DATA IA, IC, ID, IE, IF, ISUt'~• IB/4::K0,1,7,0.· 
CALL IORAC8,200) 
CALL IDRAC9,201) 
CALL IORA(10, 202) 
N=0 
CALL MTDPENC8,19l 
CALL ~1TDPEl'i ( 9 , 19 ) 
CALL MTOPEt~ ( 10, 19 l 
CALL t'1TOI~EN ( 8, 9) 
CALL ~1TDPE~·l ( li) , 9 l 
CALL ~"1TDEE!'i C 9 , 3 l 
CALL r-1TIDC8, IHD, 85) 
CALL r1TWAITC8, IS, N~n 
CALL MTIDC10, IHD,85) 
CALL t1Tt-4A IT( 10, I 5, N~D 
CALL POP EN C I A, I C, I D, IE, IF, I SUN, I B) 

1 CONTINUE 

READ AND DISCARD ZOBS 

CALL t"1Tl0(8,A,8704) 
CALL MTWAITC8, IS,IWl 
CALL r·JTI 0(8, A, 9215) 
CALL MTWAITCB,JST,JWD) 
IF CJST l 4, 3, 4 

3 CALL t1TI 0 ( 10, B, 3072) 
CALL r-m:.JAITC10, IST, H.JDS) 
CALL PRELCAC1,9),2,AC1,.10),2,512,1) 
CALL PRELCAU, 2), 2, AU, 09), 2 .• 512, 1) 
CALL PRELCEC 1, 3), 2, AC 1, 01), 2, 512, 1) 

CALL PRELCEC1,1),2,AC1,02l,2,512,~) 
CALL PRELCAC1,4l,2,AC1,03),2,512,1l 
CALL_ PRELC A C 1, 8) , 2, A (1 , 04) , 2, 512, 1) 

CALL PRELCAC1,5),2,AC1,08),2,512,1l 
CALL PRELCAC1,6),2,AC1,05),2,512~1l 
CALL PRELCEC 1, 2), 2, AC 1, (?,15), 2, 512d) 
CALL PRELCAC1,7),2,BC1,02),2,512,1) 
CALL PREL(A(1, 8), 2, AU, 07), 2, 512,-i) 
CALL PRELCEC1,2),2,AC1,08),2,512,1l 
CALL ~1TI0(9, A, 10240) 
CALL r-lH-JA IT C 9, KSTS, n-ms i 
1-1=~1+1 
GO TO 1 

4 CALL f1TCJPET'i ( 9 , 1 7 ) 
CALL i1TOPEtH9, 19) 
CALL PCLDS 
RETUHi·l 
Hm 



A.4 LOADS SOFTWARE 

A.4.1 FLOW CHART 

READ DATA 
CARDS (SDS) 

SETUP X-ARRAY 
COMPUTE 

(XTX)-lXT 
(LD2) 

PROCESSING 
FOR A-LOAD 

AND/OR B-LOAD 
(SDl) 

INVERSE 
FILTER (ACF) 

A-45 

=0 



Cm1PUTE 
SPECTRAL POWER 
F OBSERVATIONS 

(SPRl) 

Cm1PUTE MODEL 
DATA AND 
RESIDUALS 

(SDl) 

COMPUTE 
SPECTRAL POWER 

OF RESIDUALS 
(SPRl) 

PLOT OBSERVED 
DATA AND 
RESIDUALS 

(P2B) 

COMPUTE 
SPECTRAL POWER 
OF COORDINATES 

(SPUR) 

PLOT PSD'S, 
PRINT POWER 
LEVELS, RMS 

(CKM) 

RETURN 

A-46 

=0 



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)- 1 ; should be unity matrix. 

HOLD= SPACE is (XTX)-lXT. 

XH is X-matrix. 

IVEC is the observed data [in SDl]. 

VEC is the spectral power of the observed data. 

WORKl is the modeled data. 

WORKl (later) are the residuals. 

WRRKl is the spectral power of the residuals. 

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

WORKl is the spectral power of the residuals. 

VEC is the percentage of residuals to observed values. 

COOR(*,l) is x 
0 

longitudinal acceleration [in CKM] . 

COOR(*,2) is Yo sway. 

COOR(*,3) is z bounce. 
0 

COOR(*,4) is 8 roll. 
0 .. 

COOR(*,S) is ¢0 pitch. 
.. 

COOR(*,6) is lVo yaw. 

COOR(*,7) is szy lateral bending. 

.A-47 



:f 
SUB ROUT I tiE SDS ( I i'.lDEX, JRES). 
DOUBLE INTEGER I SEC0, I SEC1 , I SEC2 .t SEC3, LSEC 1 
INTEGER RES 
Cm1t1mVRZBLDVWOHK1 (514 l, ~~OHK2C514), ~JECC512, 8), SCALED( 15), 

1IBLKC7158), IUECC512, 15), LOODC2, 4hSPACEC7, 8, 4), IABC(2), LB, LE, IACF, 
21'1TOC,NSTK,MREC,ILORD,ICHDDC8,2),XHC8,7,4),ICHRN,NCHRN,IGNORC1101) 

C0!'1HON/BZBLCK/ I SMRU 8481) , I ZU 65) , I YU 24) , I XU 48) , I CDHD( 40) , 
1IHDC45) 

COMf1DtVCZBLCK/ I CAR, RES ( 2) , MCL ( 3) , EL2, PM C 2) , F2T, ZSCRLE C 17) , 
1 IPR0(3, 3), IREC, NOREC, r·rREC, ISEC0,.ISEC1, ISEC2, ISEC3, MCUC7) 

17 FOR~1RTC315) 
1 FORMATC1H1) 

15 FORMAT ( 5><, 
14HNO.R, 1X, I5.2X,4HNTOC, lX, I5.2X,4HNSTK, 1Xo I5,2><,3HACF,2X, 15) 

30 FOR~1RT ( BF1 0. 5) 
35 FORMAT (8 C2.x:, FlO. 5) ) 

NOREC=O 
~1STK=NREC 
MREC = !'iREC 
LOODC1,1l=2 
LOODC2, 1)=1 
LOOD C 1, 2) = 1 
LOODC2,2l=2 
LOOD,:1, :3) =4 
L00Df2, :3) =4 
LOODC1,4)=4 
L.OODC2,4)=3 

:;t> RERDC2, 17) ~-EOC, IRCF 
I I NDE><=NTOC 

..P. r1STK=~iREC 
co PRINT 1 

PR I rn 15, NREC, r-ITOC, riSTK, I RCF 
READC2,30)SCALED 
PRINT 35,SCALED 
RERDC2,17lMREC, ILOAD,JRES 
LB=1 
IF r tHOC. EQ. 2) L_B=2 
LE=2 
IFlNTOC.EQ.1) LE=l 
NTOC=CnTOC+l)/2 
DO t:.O() I K=LB, LE 
II=LODDCIK,ILDAD) 
IABC( IIO =0 
CALL LDCHC IABCC IK), IK, ISAlJ, ICHDD(1, IK)) 
L<RBC= !ABC C I K Hl 

15 CALL LD2CI.I, ISAU, ICHDDCl, II<ll 
600 cor-n I r-~uE 

RETURH 
END 

w. 



) 

:F 

:;t> 
1 ...,. 

'-.0 

SUBROUT I ~1E LDCH ( I ABC, I I< , I SAl) , I CHDD ) 
DIMENSIO~i ICHDDC8) 

5 FORMRTC8I5) 
3 FORMAT(/./iSX, 'DEAD CHANNELS',//) 
7 FORMRTC20X,'CH ',!2) 

16 FORMAT<20:X, 'INSUFFICIENT INFORMATION TO PROCESS LOAD ', !2,', WILL 
1NOT PROCESS LOAD '•12) 

READC2, 5) ICHDD 
PRINT 3 
ISmJ=0 
ICNT=0 
IABC=0 
DO 10 1=1,8 
IFCICHDDC!))6,10,6 

6 PRINT ?, I 
IFCI.EQ.l) GO TO 8 
I Cf~T = I cr~T +1 
IFCICNT-1) 8.8,'3 

8 ISRl)= I 
IF( IABC. NE. 3) IABC=l 
IFCI.EQ.i) IREC=3 
GO TO 10 

'3 PRINT 16d:K, IK 
IABC=2 
GO TO 50 

10 CONTI i'lUE 
50 RETURN 

END 



If 
SUBROUTl~E LD2CIIsiDUT,ICHDD) 
DOUBLE PRECISION D,L,M,CO,XT,X,XTX,SRU,PRO,HOLD,XCO 
DOUBLE PREC I SlON XT:>~6 
DIMENSION ><:TX6(6, 6) 
DIMENSION XCD ( 64) , I CHDD C 8) 

cm1~10!'VRZBLCK/~~ORK1 C514), WORK2C514), UECC512, 8), SCRLEDC 16), 
1IBLKC7168),IVECC512,16),LOODC2,4),5PRCEC7,8,4),IABCC2),LB,LE,IRCF. 
2NTOC, NSTK, MREC, ILJJI.-=!D, ICDDfiC8, 2), XHC8, 7, 4), ICHAI'i, t·~CHAN, IGNORC1101) 

COMMON/BZBLCK/XTC?, 8), ><TXC?, 7), XCB, 7), PRO(?, 7), SAUC?, 7), HOLD(?, 8), 

1COC8, 2), L(7), MC7), TSMAU7446), IZU56), I'y'L(24), I><U48), ICDHDC40), 
2IHDC45) 

DATA ><C0/4.17D0, -3. 33D0, -16. 56D0, -2. 90D0,0. 0D0, -2. 90D0, 15. 54D0, 
1-2.90D0,0.0D0,4.54D0,-16.56D0,4.17D0,0.0D0,4.17D0,16.54D0, 
14.17D0, 
2-4.17D0.-3.33D0,15.56D0.-2.90D0,0.0D0,-2.9D0,-15.54D0,-2.9D0, 
3G. ene. 4. 54De. 16.. 55D0. -4.1:?De, e. ona. -4.17D0, -16.5400. -4.17De. 
44. 0D0, -4. 12D0, -16.5D0, -3.83D0, 0 .. 000, -3.8300,16. 7D0, -3.8300, 
50.0D0,4.75D0,-16.5D0,4.0D0,0.0D0,4.0D0,16.5D0,4.0D0, 
6-4.0D0,-4.12D0,16..5D0,-3.83D0,0.0D0,-3.83ll0,-16.7D0,-3.83D0, 
80 .. 0D0, 4. 75D0, 16.5D0, -4. 0U0, 0. 0D0, -4. 0D0, -16. 5D0, -4. ODO/ 

AFLIN ( ZZ) =1 . 0-0. 0075~fZZ*ZZ 
45 FDRMATUX, 7D15. 8) 
55 FORi1RTU>~. 8D16. 8) 

I>< WDE><= 15:1:( I I -1) 
DO 4 1=1,8 
DO 2 J=L2 
IXINDEX=IXINDEX+1 

)> Cl]( I , J l =><CO C I><I r-mE><) 
, 2 coNT I r·-JLJE 

c.n DO 3 J=1,7 
o XTU, I) =0. 0D0 

3 CONTINUE 
4 CDNT IJ·~UE 

><TC 1, 1) = 1. 0D0 
><n 2. 2J = 1. one 
><TC 2, 3 l = 1. 0D0 
:x:n2, 4J =1. 0D0 
i<:T ( 2, 5) = 1. 0DO 
><TC 3, E.)= 1. >~D0 
:x:T C 3 , 7 ) = 1. 0D0 
><TC::C::, 8) =1. ODeJ 
><n4. 2J =-CD(2, 2J 
XT(4,3J=-COC3,2J 
XTC4,4)=-COC4,2l 
XTC4,5J=-COC5,2l 
XTC4,6)= COC5,2J 
XTC4,7l= COC7,2J 
XT(4,8J= COC8,2) 
XTC5,1l= COC1,2) 
XTC6,1)=-COC1,1l 
:x:TC?, 2J=AF1...11'-!CCOC2, 1)) 
>,~n 7, 3 J =AFUt-1 ceo c 3, u J 
XTC7,4l=RFUNCCOC4,1ll 
XTC7,5J=RFUNCCOC5,1ll 
DO 8 I=1,3 
IP=I+l 
IPP=I+5 
><TC6, IPJ =CDC IP, 1 l 



>'~TC5, IPP) =-CO( IPP, 1) 
8 CONTINUE 

XTC6.5)=CQ(5, 1) 
DO 9 I=1,8 
IFCICHDDCI1.EQ.0) GO TO 9 
DO 29 J=1,7 
XTCJ, I )=0. ODO 

29 CONTINUE 
9 CONTI~~UE 

INI =7 
I~iJ=B 
IliLIM=? 
IF C I CHDD C i) . EQ. 0) GO TO 10. 
INI =6 
I~iJ=7 

. Ir-1LII1=6 
DO 11 I =2, 8 
DO 11 J=2, 7 
XTCJ-1,!-l)=XT(J, I) 

11 CONT I ~~LIE 
10 CONTINUE 

DO 12 I =1. INI 
DO 12 J=1, INJ 
><(J, I )=>TC I,~!) 

12 CONTINUE 
DO 1 I =1.INI 
PR I NT 55 , . ( XT ( I , J ) , .J = 1 , I NJ) 

1 CONTINUE 
DO 14 I=1.INI 

~ DO 14 K=l, INI 
I ><D<CI.K:o=0.(3D0 

'CJl DO 14 .J=l. INJ 
~---' XTXC I ,:K:o=i-<T:x;( I ,KH>,:TC I ,J):t..'><:CJ,K) 

14 COtiTI NUE 
DO 15 !=1,INI 
PRINT 55.CXT>,:< I, J), .J=1, INI) 

15CCJI'-iTHiUE 
fFCICHDDCi).EQ.0) GO T0 .. 21. 
DO 19 I=l. IN! 
DO 19 K=l, INI 
><T;~;s ( I , K) =><T>< C I , K) 

19 CONTinUE 
21 CONTINUE 

DO 16 I =L INI 
DO 16 J=1., INI 
SAUCI,Jl=XTXCI,Jl 

16 CONTH'iUE 
IF (I CHDDC U . EQ. 0) GO TO 23 
CALL I'll Nl.J( XT><6 , nlLI t-1 , D , L , ~1) 
DO 25 I =1. IN! 
DO 25 J=l. H·H 
><T>< ( I , ,J) =><T><6 ( I , ,J) 

25 CONTINUE 
GO TO 27 

23 CONTI i'iUE 
CALL 1'1 Ill') ( XT><, I 11L I 1'"1, D, L, 1·1) 

27 COtlT I NLIE 
PR I r·-JT 45, D 
DO 1E: I =1. INI 
DO 18 J=l, rt·JI 



PRO C I , J) =-0. 0D0 
DO 18 K=l, Hi I 
PROCI,J)=PROCI,J)+SAUCI,K)*XTX(K,J) 

18 CONTINUE 
DO 22 I = 1 , I N I 
PR I NT 45 , ( PRO { I , ~T ) , J = 1 , I N I ) 

22 CONTINUE 
DO 24 I=1, lf'll 
DO 24 1<=1, IN~T 
HOLDCI,Kl=0.0D0 
DO 24 J=l,INI 
HOLDCI,Kl=HOLD(I,Kl+XTXCI,J)*XTCJ,K) 

24 CONTINUE 
DO 26 I =1, HH 
PR HH 55, (HOLD ( I , J) , J = 1 , INJ) 

26 CONTINUE 
DO 1010 1=1, Iii! 
DO 1010 .J=1, I NJ 
SPRCEC I, ,J, I I )=SNGUHOLD( I, ,J)) 

><H (.J. I ' I I ) =SNGL O< ( J I I ) ) 
1010 CDNTI NUE 

RETURn 
END 

>; 
I ' 

V1 
N 



:F 
SUBROUTINE SD1CII<,JRESJ 
INTEGER RES 
DOUBLE INTEGER I SEC0, I SEC1., I SEC2 ,J SEC3, LSEC 1 
DII"lENSION OVECC512, 7) 
COHHClN/~ZBLClVWORK1 ( 514) , WOR:K2 C 514 l , lJEC C 512, 8) , SCALED C 15) , 

iiELKC7158), IlJECC51.2, 15) ,LOODC2,4) ,SPRCEC?,8,4), IABCC2) ,LE,LE, IACF, 
anTIC, NSTK, t1REC, I LOAD, ICHDDCB, 2), XHCB, 7, 4), I CHAN, NCHRN, IGNORC 1101) 

COI'1MON/BZBLCI</W'RRK1 C257), WRRK2 ( 257), X~-JO'RK1 (514 J , ><~-JORK2C 514 J, 
1IFILLC5397), IZLC65), I'r'LC24J, IXLC48), ICDHD(40), IHDC45) 

COMt10WCZBLCK/ICRR, RESC2J, MCLC3J, EL2, PMC2), F2T, ZSCALE( 17), 
1 IPROC3, 3), IREC, NOREC, NREC, ISECO.JSECl, ISEC2, ISEC3, MCUC7) 

EQlJ I lJALENCE ( I BLK , QI.JEC) 
DATA IA,IB, IC, ID..IE, IFF, I S/'5:.1:0, 1, 10/ 
DATR JSTt=W,.-·20010.,.. 

458 FOR~1AH 5:X:, ' RECORD ' , I 2, ' AFTER 200' J 
459 FOR~1AT ( 5><, ' RECORD ' , I 2, ' AFTER 394' ) 
460 FORMATC5X, 'RECORD ',12,' AFTER 415') 

CALL POF'Et-H IA, IC, ID, IE, IFF, IS, IEJ 
IFCJRESJ 2,1,2 

1 KKK1=5 
GO TO 3 

2 KKK1=8 
3 DO 15 KKK=KI<Ki, 9 

CALL t-1TOPENCKKK,19J 
CALL t1TDF.'EN C KKK , 3) 

15 .CONTI t·iUE 
IF ( .jRES) 6, 4, 6 

:;> 4 CONT I l'iliE 
' CALL PCLR ( LiRRK 1 , 2, 257, 15) 
~ DO 5 1=1,16 
~ CALL MTIOC6,WRRK1,514l 

CRLL NTWAITC5, ISTAT,NWDS) 
5 CONTINLJE 

CALL ~1TOPEN ( 5, 17) 
CALL MTOPEi'H E., 19) 
CALL MTOPEti ( 5, 9) 

E. CONT lt'~UE 
I><"r'Z= IABCC IK) 
IML=-1 
IFCLB. ~~E. LE) NOREC=l 
I LUf'i= 10-I K 
IFCLB. EO. LE) ILllt--1=9 
IK1=IK-1 
I CHA~·1= I K UB+ 1 
t·1CHmi= ICHAtH7 
ICOUf'iT=0 
I.I=LOODCIK,ILOAD) 
CALL DKif1T(l,8192, ISEC1,LSEC1,f1REC) 

C AQUIRE A RECORD OF DATA 
150 COiH I NUE 

.JREC= ICOUNT+l 
CALL DKRDC 1, IUEC, 8192, ~TREC, 0) 
CALL DI<JJT C I DSTAT) 
I COUNT= I CIJU~1T + 1 

C COilUERT TO FLOATING PO I NT , SCALE, A~m STACK Pm.JER 
K=O 
DO 200 I = I CHm1, ~·JCHAN 
IFCJRESJ 152,151,152 



151 CONTINUE 
CALL MTIOC6,f...JR'RK1,514) 
CRLL mWr=IIT C 6, I STAT, N~4DS) 
IFC CISTRT.. AND. JSHiT). EQ. JSTAT) PRINT 458.I 

152 CONTINUE 
K=K+1 
CRLL PCNFUIIJECCL I), 1,1JECC1,KJ,2,15,512,0) 
CALL PMP'((t)EC( 1, Kl, 2, SCALED( I), 0, UEC( 1,10, 2, 512, 15) 
I FURCF. EQ. C1 l GO TO 161() 
NCH= I*If·JL 
CALL ACF CI..JEC (1, K) , 512, NCH) 

160 COl'iT H~UE 
IFCJRESl 200,161,200 

161 CALL SPWRiCIJEC(i,Kl) 
CALL MTIOC7,WRRK1,514l 
CALL ~1Tl.JA IT C 7 , I STAT , NWDS ) 

200 CONTINUE 
DO 300 KK=1,7 
K=KK 
CALL PCLRCWORK2,2,512,15) 
IF C I ;~:YZ-3) 286, 285, 286 

285 K=KK-1 
IFCKK. EQ .. l) GO TO 294 

286 CONTI f'lUE 

287 

DO 290 LL=1,8 
L=LL 
IF( I>< ... r'Z-3) 288,287,288 
L=LL-1 

~ 288 
IFCLL.EQ.U GO TO 290 
COI~Tit'iUE 

I 

tn 
.J:::.. 

290 
294 
300 

:3t::4 

RT>(l=SPACEU<:, L, I I l 
CALL PMPYCUECC1,LL),2,RTX1,0,WORK1,2,512,15l 
CALL PADDCWORK1,2,f...JORK2,2.WORK2,2,512.15l 
CONTINUE 
CALL PRELC~JORK2,2,0UECC1,KK) ,2,512, 1) 
CDl"iTINUE 
CRLL t1T I 0 C I Lllr'i , OJ..JEC ( 1 , 1) , 7168 ) 
CALL i1Tl.-IA IT C I LUf'i, I STAT, t'·Jl..JDS) 
IF(.JRES) 417,384,417 
COI·lTiiiUE 
DO 40~3 KK=1, 8 
K=KK 
CALL PCLRCWORK1,2,512,15) 
IF C I ><YZ-3) 385, :385, 385 

385 K=KK-1 
I F C KK • EQ . 1 ) t:;JO TO :394 

385 CIJIHIHUE 
DO 390 LL=1,7 
L=LL 
IF( I><"y'Z-3) 388~ 38.7, 388 

:=-::R7 L=I_J_ -1 
IFCLL. EGl .. i) GO TO 390 

388 CONT I r·~_IE 
><Hl=><H(J.<, L, I I) 
CRLL PMPYCOUEC(l,LL),2,XH1,0,WORK2,2,512,15l 
CRLL PRDDCWORK2,2,WORJ.<1,2,WORJ.<1,2,512,15) 

390 CDr-H I t··JUE 
394 CALL PSUB<WORK1,2,UECC1,KK),2,WORJ.<1,2,512,15) 

CALL t·1T I tJ ( 6, ll:RRK1, 514 l 
C:r4LL nTl~JR IT ( 6, I STRT, tl~·JlY3) 



IF ( ( I STAT. AND. JSTAT) . EQ. JSTAT) 
399 CALL 5P~JR1n~ORK1) .. 

CALL MTf0(7, t.l:RRKi, 514) 
CALL ~1TWA IT C 7, I ST!=H, NWDS l 

400 CONTINUE 
CALL MTOPE~(7,17i 
CALL MTDPENC7.19) 
CALL MTOPENC7,9) 
CALL f'1TOPE1'~ ( 5, 19) 
CALL ~1TDPEN ( 6, 3) 
DO 415 LTK=1, 15 
CALL MTIOC7,WRRK1,514) 
CALL f1Tt-JA IT ( 7 , I STf=IT , Nf..JDS ) 
IF((ISTRT.AND.JSTAT).EQ.JSTRT) 
CALL MTIDC6,WRRK1,514l 
CALL r·mJR IT C 6, I STAT, r~~JDS) 

416 CONT H~LIE 
CALL f·lTOPET-~ ( 6, 17) 
CALL ~1TOPEN ( 6, i 9) 
CALL mDPENC7,19) 

417 CmHINUE. 
IF C I CDUm -~~REC) 420, 600, 600 

420 CONT Ir~LIE 
CALL mDF.'ENC6,9) 
CALL r·1TOPET-~ ( 7, 3) 
IML=l 
GO TO 150 

E.00 CONT HillE 

::t> 
CALL HTDPENCILLit-1,17) 
CALL r1TOPEN ( I LUN, 19) 
CALL PCLOS I 

V1 
V1 

RETUR~~ 
Hm 

PRINT 459,KK 

PRINT 460, lJK 
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SUBROUTINE SPWR1 00 
DH1EiiSION XC U 
COMMON/:SZBLCK/l1RRK1 (257), SXC257), L·.!DRK1<514). ~·JORK2C514), 

li F I LU.5397), I ZU65), I 'r'U24), D<U 48), !CDHDC 40), I HD( 45) 
DATA SCt=:lLE/ . ee5524272.• 
CRLL PRELCX,2,WORK2,2.512.1l 
CALL PFFT ( ~JORK2, l.JORK1, 0, 256, 13) 
WORKlC513)aWORK1C2l+WORK1C2) 
LJORK1( 2) =0. 
WORK1C514)=0. 
WORK1C1l=WORK1C1)+WORK1C1l 
CALL Pt1F·,' WORK 1 , 2, SCALE, 0, ~·JORK 1 , 2, 514, 15) 
CALL PCS~m~ORK 1 , 4, l~ORK2, 2, 257, 15) 
LJORK2 ( 1) =0. 
CALL PREL(~JRRK1, 2, S><, 2, 257, 1) 
CALL PRDD(S><, 2, l...JORK2, 2, SX,2, 257, 15) 
CALL PREL ( S><, 2, L·JRRK 1 , 2, 257, 1 ) 
RETURN 
END 



:F 
SUBROUTINE P2BCNTCC) 
DIMENSION IRASC6600) 
DIMENSION IBLK(4) 
Cm1~10N/AZBLCK/~JRRK1 C514), WRRK2C514), lJECC512, 8), SCALED( 16), 

1JBLKC7168), IlJECC512, 16), LOODC2, 4) ,-SPACE(?, 8, 4), IRBCC2), LB, LE, !ACF, 
2NTOC,NSTK,MREC, !LOAD, ICHDDC8,2),XH(8,7,4),ICHRN,NCHAN, 
2~0RK 1C 257 r, ~JORK2 ( 257) , I GNOR ( 73) 

COHMON/BZBLCK/ISMAU8481), IZTITU56), IYU24), I\'U48), ICDHDC40), 
1IHDC45) 

EQIJ I lJALENCE ( I UEC, I RAS) 
DATA JSTAT/Z0010/ 
DATA IBLK/2H A,2H B,2H A,2H B/ 
DATA NTHRU/-1/ 
DATA IA, IB, IC, ID, IE, IFF, IS./S:;t0, 1,10/ 
DATA ACON/100./ 

H~01 FOR~1ATC 1H1, /50><, R2, 5H- LOAD, /SO><, 40A2) 
30 FORMATC50X,4HZOBS,10X, IS) 
20 FORMATC65X,SHHERTZ) 
10 FORMATC29X, I1.2C10><, 12, 10><:, 12, 11X, 12)) 
40 FORMAT ( SSX, 9HRES I DUALS, 5:><, I 5) 
50 EORI'1RTC 40X, S0HPERCENT ERPJJR, RESlllUAU:100/0BSERUAT ION FOR SENSOR, 

1I5) 
b0 FORf1AT( 10X, 28HTOTAL POWER IN 30 HERTZ Bm:ID) 
70 FOR~1ATC10X, 11HOBSER!JATim·l, 2>~. E12 .. 5. 5X, BHRESIDUAL,.Z<, 

1E12. 5, s:><:, 13HPERCENT ERROR, 2:'\, E12.5) 
7 FORnATC5>~. 'EOF ', 12,' AFTER 5') 
8 "FORMRTCS><, 'EOF ', I2,' 7 READ') 

>--· 9 FORr1ATC5><, 'EOF ', 12,' 5 READ') 
' CALL POPENC IA, IC,.ID, IE, IFF, IS, IE) 

tn r-iTHRU=f·HHRLI+1 
...._! I>< WDE><=NTCC 

IF( I><r~mE>C LT. 3) GO TO 1 
I>< I ~mE><= I X I rmE><+NTHRU 

1 CONTII"iUE 
CALL t-1TOEEN ( 6, 9) 
CALL moPEti ( 7, 9) 
DO 5 I=1.8 
CALL MTIOC6,WORK1,514) 
CALL ~1Tl-·JA I.T( 6, I STRT, ~·il.~DS) 
IF( C ISTAT.AND . .JSTRTl .EQ . .JSTAT) PRIHT 7, I 

5 CONTINUE 
Af1UL =4. :t:FLOAT O·iSTK) 
FAC = 1 . /Af1UL 
PR I t·H 1001., I BLI< ( I>< I NDE'<) , I CDHD 
DO 1000 L =I CHAt·i, f·4CHAf·i 
CALL ~-1T I 0( 7, !.JORK2, .. 514) 
CALL r·m .. ~A I T ( 7 , I STRT , f·i~~DS ) 
IF( ( ISTAT. mm. JSTAT). EQ. JSTATJ PRINT g, L 
CALL MTI0(6,WORK1,514J 
CALL rm.-.JA IT ( 5, I STAT, f·lf.·JDS) 
IF ( ( I STAT. Al·m .. JSTAT I . EGl. JSTRT l PR I ~H 9, L 
CALL Pf 1P'r' ( l·mRK2 , 2, FAC, 0, L·JORK2, 2, 257, 15) 
CALL PI1PY UJORK1, 2, FRC, 0, l.JORK1, 2, 257, 15) 
Gr--1><=0. 
IC3r11-l=O. 
Ir··1=0 
c::ALL HPLOTC ~-JORK2, 120, 1, I Rf=-'15, 56, 100, 228, Gl1)<;, G~1N) 
PRINT 10. It-1, (I, I =5, :30, 5) 



PRINT 20 
PRINT 30,L 
Gr·JX=G, 
GM~~=C1. 
CALL HPLOTCL·JORK1.120, 1, IRRS,56, 100,228,GMX,Gt!N) 
PRINT 10, IM, (I, I =5, 30, 5) 
PRINT 20 
PRINT 40,L 
sum=c. 
SUM2=0. 
SUM3:0. 
DO 45 I =1.12(1 
ST=WORK2 CI ) 
hi04JORK1 ( I ) 
SUt11 = SUI'"ll +ST 
SU~12 = SUn2+WO 
PER=l. 
IF CST. ~1£. 0.) PER,~JO/ST 
PER= PER:Kl 00. 
UECCI,1)=PER 
SUI'13 = SU~B+PER 

45 CONTINUE 

;J> 
I 

c..n 
00 

1000 

Pm~ = 5Ut12/SU~11*f=iCGN 
sum= 4. ::~:sum 
SUI'12=4. :!:SUM2 
Gl'1f'i=O. 
Gn><"" RCOt·i 
CALL HPLDT ( UEC ( 1 , 1 ) , 120, 1 , I RAS, 55, 10(), 228, GMX, Gt'-1N) 
PRINT 10,IJ1,(I, 1=5,30,5) 
PRINT 20 
PRitH 50, L 
PRINT 60 
PR I ~H 70, 5Ut11, ~3Ut12, Pm~ 
I FC L. EQ. NCHAN) GO TO 1000 
PRINT 100.1., IBUJ D\INDE>Cl ,.ICDHD 
CDI'iTINUE 
CRLL PCLOS 
RETURI'i 
END 
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SUBROUTINE CKt-1 ( t'ITOC) 
DOUBLE INTEGER I SECO, I SEC1', I SEC2, J SEC3 
INTEGER RES 
DIMENSION IBLKC4) 
Dit1ENSim~ ISTRT1(7) 
COm10N/AZBLCK/COORC512, 7) ,STACKC257, 14), IRAS(6600) .CIT(?), 

1 LHD C85), ~JDRK1 C514), ~JDRK2C514), I FILL( 4553) 
Cm1MON/BZBLCK.'' I SMffi- C 8481) , I ZT ITU 66) , I YU 24) , I XU 48) , I CDHD ( 40) , 

1IHDC45) 
Cm1t10N .. 'CZBLCI</ I CAR, RES C 2) , MCL ( 3) , EL2, PM C 2) , F2T, ZSCALE ( 1?) , 

1 IPROC3, 3), IREC, t~OREC, m~EC. ISECG,JSEC1, ISEC2, ISEC3, MCI..J(7) 
DATA ISTRTl/1,?,13,19,25,31,61/ 
DATA IA, IB, IC, ID.IE, IFF, IS/5%0, 1,7./ 
DATA IBLK/2H A.2H B.2H A,2H 8/ 
I X I tmEX=NTOC 
BCON=1035.069756 
CALL POPENC IA, IC, ID, IE, IFF, IS, IE) 
MREC=O 
I 5lJREC=I2l 
11'!=0 

5 CONTINUE 
READC2, 10,END=1000) f'iSET,DF, !FILE 
CALL PCLRCSTACK,2,3598,15) 
DO 35 .__T.J = 1 , NSET 
IFCJJ.EQ.2) CALL IORAC10,201,0) 
CALL ~1TOPEtH 10, 19) 
CALL t"1TOPENC10,9) 
DO 30 I I = 1 , f·1REC 
.JK= cJJ-1 ):·n 
CALL MTIDC 10, COOR, 7168) 
IFCIEOFC1m.NE.0) GO TO 100 
DO 20 I=1,7 
IJ=I+JI< 
CALL SPWRCCOORC L I), STACKC 1, !.__T)) 

20 CONTINUE 
IF (.J.J-1! a:., 26,27 

26 ~1REC=I1REC+1 
GO TO 28 

27 I Sl)REC= I S~.JREC+1 
28 CONTINUE 
30 CONTINUE 

CALL r-·JTOE'Er-i C 10, 19) 
35 CONTINUE 

100 CmiT H1UE 
IF C I SIJREC. GT. r1RED tiREC= I SVREC 
PRIHT 1, IBLKC I><INDE><), ICDHD 
CDri= 1. /FLUAT ( MRED 
CALL Pf1P'YCSTRCK, 2, cm1, O, STACK, 2, 3598, 15) 
t'1G= ~iSE"Lt:7 
DO 110 I= 1, ~1G 
J=I 
IF C .__T. GT. 7) ~T = ~T -7 
IFCJ.GT.3.AND.J.LT.7J 

1 CALL Pf"1Fr"CSTACKC 1, I), 2, BCOf'i, 0, STACK( 1, I), 2, 120, 15) 
G~·N=0. 
Gf·lt-1=0. 
CALL HPLOT (STACK C 1 , I ) , 120, 1 , I RAS, 66, 100, 228, G~17-:, Gf'1f·i) 
PRHiT 120, If-1, C IL, IL=5, 30,5) 



PRINT 130 
ISl=ISTRTi(J) 
IE1=I51+5 
PRINT 140.C IZTITUKKIO, KKr> IS1, IED 
CALL PCBNRCSTACI<Ci, I), 2, IJF, 0, COOR( 1, 1) • 2,·120, 2, 15) 
PRim 14S.COOR(1, i) 
IFCJ.GT.3.Rr~D.J.LT. 7) GO TO 148 
PRINT 147 
GO TO 149 

148 CONTINUE 
PRINT 150 

149 CONTINUE 
CD0R(1,1)=SQRTCCOORC1.1)) 
PRINT 146,COORC1,1l 
IF(J. EO. 3.0R. J. EQ • .5) PRINT 1, IBLK(IXINDEX), ICDHD 
IFU.NE. 7) GO TO 110 
IF 010DC~1G,14)) 112.111,112 

111 IFCI.E0.14) GO TO 112 
rxnmE><=4 
PP. I NT 1 , I ELK ( I >< INDEX ) , I CDHD 
130 TO 110 

112 PRINT 2 
110 CONTINUE 

GO TO 5 
1000 C.OI'iT I f'ILIE 

CALL PCLOS 
RETURf'l 

10 FORMAT( IS,Fi0.5,I5) 
::C. 1 FORf·1AT(1H1,/'50:><,A2,6H- LOAD,/'50><,4J.:lA2) 

I 120 FOR~1ATC29X, I 1, 2( 10~·<, I2. 10><, I2, 11><, I2)) 
0\ 130 FORf·lATI55i{, SHHERTZ) 
0 140 FORMRTC51><, 6A2, 1X,4HMODE) 

145 FOR~iATC42?<!,30HTOTRL POWER IN THE 0-30HZ BAND,i><,G1.0.4) 
:14? FORMRTIS5>~. 15HG' S MERN SQUARE) 
150 FORI'"lAT ( 48::~ ~ 24H ( RRll/SEC/SEC) MEA~i SQUARE) 
:146 FORi1ATC49Y.:,16HROOT MEAN SQUARE,:lX,G10.4) 

2 FORf"'lAT (1 HD 
2000 FOFf·iAT ( 1 H•3, 5><, ' t'iTOC = ' , ·I 5) 

am 
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SUBROUTINE SPWRCX,SX) 
DIMENSION XC1),SXC1) 
COMMOt'VEZBLCK/WORK1 (514), !-JORK2(514), IFILLC5425), IZU55), I'(LC24), 

1IXLC48), ICDHDC40), IHDC45) 
DATR SCH!LE/.005524272/ 
CRLL PREL (X, 2, WOHK2, 2, 512 •. 1) 
CALL PFFTCWORK2.WORK1.0.256.13) 
WIJRKl C 513) =WORK! C2)+~~DRK1 (2) 
WDRI<i (2)=0. 
WORK1C514)=0. 
WORK! ( 1) =WORK1 C 1) +1-JORKH 1) 
CALL Pt1PY(WORK1, 2, SeRLE, 0, WORK1, 2, 514, 15) 
CALL PCSt-1 C ~JORK 1 , 4, J..JORK2, 2, 257, 15) 
WDRK2 (1) =0. 
CALL PADDCS><, 2,i.JORK2, 2, S><, 2,257, 15) 
RETURN 
END 



A.S AXLE SOFTWARE 

A.S.l FLOW CHART 

AXLE 
PROCJ~SS I NG 

READ DATA 
CARDS, READ 

DATA FRm,1 DISK 
(AXL) 

ICAF 

INVf:RSE 
FILTER (ACF4) 

COMPUTE 
X-MATRIX, 

ACCELERATION 
COEFFICIENTS 

>0 
COMPUTE PSD'S 

(SPEC) 

L
~T PSD'S, 

POWER 
LEVELS 
(AXL) 

RETURN 

A- 6 2 

>0 

=0 



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 scale factors for input channels. 

A(*,l5) contains input data. 

XDD = ~ 0 longitudinal acceleration. 

ZDD z
0 

bounce . 

.. 
PSIDD lji

0 
yaw . 

.. 
THETADD 8

0 
roll. 

YDD y
0 

sway. 

B(*,l) - B(*,lS) are the coordinates. 

PSDA are the PSD's of the coordinates. 

A-63 
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SUBROUTINE AXL 
DOUBLE INTEGER I SEC0, I SEC1 , I SEC2 .I SEC3, LREC 
INTEGER RES 
DIMENSION ISTRT1 (5) 
DIMENSION IA>~(3) 
DIMENSION Z1C512,Sl,XDDC512),YDDCS12),ZDDC512), 

1 THETADDC512), PSIDDC512), AC512, 5), BC512, 15) 
DI ME£-~5 I 01'1 ~JORK1 C514), t..IORK2C 514) 
DIMENSION PSDRC257,15), IRRSC6600) 
COMHON/t=:lZBLCK/IWORKC27572) 
commWBZBLOV I NEUF C 512, 15) , I NO C 514) , SCALED C 15) , JNO ( 257) , 

1I ZT ITU 56) , I YU 24 ) , I XU 48) , I CDHD ( 40 ) , I HD C 45 ) 
COI"1110tVCZBLCK/ I CAR, RES C 2) , MCL C 3) , EL2, Pt-1 ( 2) , F2T, ZSCALE ( 17) , 

1 IPR0(3,j), IREC,NOREC,NREC, ISEC0, ISECi, ISEC2, ISEC3,HClJC7) 
EQUIVALENCE C H.JORKC 1), ECl., 1)), C HJORKC15351J, Z1 C 1,1)), 

1 C H~ORK C 20481) , A C1 , 1 ) ) 
EQU I 'JALENCE C UJORK C 15361) , PSDA C 1.1 ) ) , C WORK C 1 ) , I RAS (1 ) ) 
EQUilJRLENCE C H~ORK(1536U, ><DD), ( IWORKC 16385), YDD), · 

1 C I WORK (17409) , ZDD:I , C WORK C 18433) , THETADllJ , ( I WORK (19457) , PS IDD) 
EQU I l.JALENCE ( I ~JORK ( 2354 3 ) , WORK 1 ( 1 ) ) , ( I ~~ORK C 24572 ) , ~JORK2 ( 1 ) ) 
DRTR ISTRT1/1, 7, 13, 19,31/. 
DATA IA.IB, IC, ID.IE, IFF, IS/5;f.G, 1,10/ 
DATA I R><,'2HAA, 2H A, 2HBR/ 
DATA ><L/-7. 5/, '(l)/44. 25./, '(H./44. 75./, SCL/386. . .4/, H/6. 5./, DEF/0. 25/ 
CALL POPENC IA, IC,ID, IE, IFF, IS, IE) 
CALL ~1TDPEN ( 9, 19 l 
CALL t1TDE'El'i C '3 , 3 ) 
~·iC:H=-1 
l]t'l£=1. 
LREC=G 
READC2, 10, END=20x.10) IP3D, IACF 
READC2,12)SCALED 
AF1=.5 
AF2=-1./(\'H+YHl 
AF3 = 1 . -····· ( '•(IJ+\'1.)) 
PRINT 13,SCALED 
PR H·1T 14, H, ><L, SCL, '(l), YH, DEF 
CRLL DK I NT C 2, 7580, ·I SEC2, LREC, ~·lREC) 
PRii'H 515,NREC, ISEC2 
DO 1000 I =1, NF:EC 
CALL DKRDC2, INBUF,7680, I ,0) 
CALL DUJT C I STAT) 
IFCISTRT.NE.Ol PAUSE 1 
DO 400 LU=0,10,5 
DCI 100 It1= 1, 5 
t·:1A=LU+ I t··J 
CALJ_ PCNFL CINBUFC1,MAJ,1,AC1, IMJ,2,15,512,0l 
SC=SCRLEDCnAl 
CALl_ PMPYCAC1,IM),2,SC,O,AC1, IMJ,2,512,15) 
IFCIACF.GT.Ol GO TO 50 
t·JCH = f··1CH:tf·1A 
CALL RCF4CA(1, IMl,512,MCHl 

50 COI'lT I f·JUE 
100 C::O~H I t·~UE 

CALL PSLJBCAC1,2) ,2,AO, 1) ,2,:>mD,2,512, 15) 
CALL PMPYCXDD,2,AF1,0,XDD,2,512.15) 
CALL PADDCAr1,4),2,AC1·5l,2,ZDD.2,512,15) 
CALL PMPYCZDD.2·AF1,0.~DD.2,512,15) 



120 

400 

1000 

1010 

>-
' 0\ 

c.n 

1020 

1100 

1.200 
1300 
2000 

CALL PADD(A( 1. 1) I 2. A( 1' 2) I 2. P5IDD.2. 512. 15) 
CALL Pr·1PYCPSIDD, 2, AF2, 0, PSIDD, 2, 512, 15) 
CALL PSLJBCAC1,5),2,A(1,4),2,THETADD,2,512,15) 
CALL PMPYCTHETADD,2.RF3,o,THETRDD,2,512,15) 
DO 120 ,JX= 1, 512 
'/DD C JX) =H::tiTHETRDD ( J><) -XU:PS I DD ( JX) 
CDr~TINUE 
CALL PRDDCA(1,3),2,YDD,2,YDD.2,512,15) 
CALL PMPYCPSIDD,2,SCL,0,P5IDD,2,512,15) 
CALL P~1PY ( THETADD, 2, SCL, 0, THETADD, 2, 512, 15) 
t'1A=Ll)+1 
CALL PRELCZH1, 1), 2, 9(1, Wn, 2, 2560, 1) 
CONTINUE 
~~CH~ 1 
CALL !"1TIOC9, B, 15360) 
CALL MTWRIT(9, ISTAT,NWDSl 
CONTINUE 
CALL ~1TOPEN C 9, 17) 
CALL r1TOPEN C 9, 19) 
IF( IPSD. EQ. ~)) GO TO 2000 
CALL ~lTOPEt, ( 9, 9) 
,Jf-1=0 
CALL PCLRCPSDR,2,3855,15) 
CONTI~iUE 
CALL ~1TI0(9, E, 15360) 
CALL tm,JA IT ( 9, I STAT, NI.-JDS) 
IF C I STAT. NE. 0) GO TO 1100 
IF ( N~JDS. NE. 15360) PAUSE 7 
DO 1020 I= 1, 15 
CALL SPEC CE C 1 , I ) , PSDA (1 , I ) , ~.JORK 1 , ~-.lORK2) 
CONTINUE 
JM=JM+1 
GO TO 101(1 
CONTI~~UE 
IFCJf1. EQ. 0) GO TO 2000 
Rn=1,/FLORTCJr1) 
CALL PnP'·t(PSDRC 1 ,.1), 2, AM, 0, PSDAC 1, 1), 2, 3855, 15) 
.]~1=0 
DO 1300 JJ=1,3 
PR H-iT 1202' I A>< ( LIJ) ' I CDHD 
DO 1200 H=l. 5 
I=CJJ-l):t5+II 
F=O. 
l::i=0. 
CALL HPLOTCPSDACl, I), 120,.1, IRRS,65, 100,228,F,G) 
PRINT 1015,J~1. CJ,J=5,30,5) 
ISl = ISTRTl'( I I) 
IEl= IS1+5 
PR I t··JT 1025, ( I ZT I TU KKK) , KY.K= I S1, IE1) 
SCALED ( 1) =0. 
CALL PCONRCPSDAC 1, I), 2, ONE,>), SCALED, 2, 120, 2, 15) 
SCAL.ED ( 1 ) =SCALED C1 I :tDEF 
Rr-1:< = SQRT C SCALED C 1) ) 
PR HiT 1030, SCALED (1 ) 
PR I 1-JT 1040 , m1>< 
IF CI.EQ.15) GO TO 1200 
IFC I I .EQ.3) Pf:HlT 1202, IR><UJ), ICDHD 
COI-iTINUE 
CIJtiTlf-lUE 
COI'lTINUE 



Cf:lLL !"'!TOEEN ( 9 , i 9 ) 
CRLL PCLOS 
RETURN 

10 FORMRTC6I5) 
12 FORMRT(8F10. 5) 
13 FOR~1RT( 1Hl, /5X, 13HSCRLE FACTDRS, /, 2(5X, 8F10. 5,/, ) ) 
14 FORMRTC5>~. lHH, 2X, F10. 5, 2X, 2HXL, 2X, F10. 5, 2>{, 3HSCL, 2,'>(, F10. 5,/, 

1 5><, 2HYt), 2X, FlO. 5, 2X, 2HYH, 2X, Fl0 ... 5. 2><• 2HDF, 2X, FS. 3) 
515 FOR~1RTC 5><, 2 I 10) 

1015 FOR~1RTC29X, I 1, 2( 10>~. I2, l0X, 12, 11X, I2)) 
1025 FORMATC55X,6A2,1>;,4HHODE) 
1030 FORMATO><, 'PmJER IN BAHD (0 - 3(l ) =' ,F10.5, 1X,' CGS-t1S)') 
1040 FOf~MRH23X, 'Rr1S = ',F10.5) 
1202 FORMAT ( 1H1:, /50 X, R2, 6H- R><LE, /50 X, 40A2) 

END 

> 
I 

(J\ 

(J\ 
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SUBROUTINE SPEC (X, SX, WORI<·1 , WORI<2) 
DIMENSION X(1),5XC1) 
DIMENSION WORK1 C514), WORK2(514) 
DATA SCALE/.005524272/ 
CALL PREL(X,2,WORK2,2,512,1) 
CALL PFFTCL.JORK2, ~JORK1, 0, 256, 13) 
WORK1C513)•WORK1C2)+WORK1C2) 
WORKl C 2) ==0. 
~40RK1 ( 514) =0. 
l-JORK1. ( i) =WORK1 C i) +~-IORKi C 1) 
CRLL PMPYWORKl, 2, SCALE, 0, WORKl, 2, 514, 15) 
CALL PCS~H WORKl, 4 d40RK2, 2 •. 257, 15) 
LJORK2 ( U =0. 
CALL PADDCSX,2,LJORK2.2.SX,2,257, 15) 
RETURN 
END 



:F 
SLJEROUT I NE RCF 4 ( ><, N, I CHNL) 
DOUBLE PRECISION Rl, P.2, B2, XCHN, ><1, ><2 
DIMENSIO~i ><M1 C20), ><C 1) 
DAm R1, A2, ~<.Ml ,.- 13. 3189768, . '3244652S, 20:t0 ./ 
ICHP.N=IRBSCICHNL) 
I F ( I CH~1L • GT . 0 ) GO TO 10 
XM1CICHP.Nl=XC1)+XC1)-XC2l 

10 CONTINUE 
>~CH~~"'XM1 (! CHRN) 
DO 100 I= i. i'i 
Xl=X(I) 
><2=A1J ( X1-P.2:tXCH~1) 
XC I) =S~iGU X2) 
><CHt-i=X1 

100 Cot'·!T I NUE 

~ 
I 

0\ 
00 

><1"11 ( I CHAN) = 9~GL C ><CHN ) 
RETUmi 
E~m 



A.6 STATISTICAL SOFTWARE 

A.6.1 FLOW CHART 

STATISTICAL 
PROCT:SS ING FOR 

Ci\RBODY LOADS 
OE AXLES 

CONTROL 
PROCRAM 
(PROVG) 

ZERO 
CROSSINGS 

(ZXS) 

DETERMINE 
PAGE 

HEADER 
(ZTITL) 

READ COLUMN 
NM1ES FROM 
DATA CARDS 

(ZXS) 

EAD SPEED DATA 
RENOVE MEAN, 

P~ACE IN i-IISTO 
GRAM BINS (ZXS 
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PRINT 
HISTOGRAM 

(l!Cm.TP) 

OCTAVE 
OUTPUT TO TAPE 
WHICII C!\N BE 
PLOTTI:D OFF-

READ DATA 
CARDS: CHANNEL 

ID'S AND 
FACTORS (STAT) 

READ DATA 
FROM 
DISK 

COMPUTE 
DATA i\!AXIMUM 
AND MINIMUM 

(SFL T) 
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lli:TU~MINE 

II l STOGRAH 
Vi\LlJES 
(STTD) 

lll :TERMINE 
Bf;..J 

TNHW~1ATION 
(sse L) 

---·L-----. 

DI:Tl:H.MINE 
%-OC:ClJRANCE 
Ill STOGRAH 

( STIH) 

PLOT 
III STOC RAM 

(SPLT) 

PRINT PAGE 
SUJvlt1/\RY: ST. 
DEV., 95°o L[VEL 

1999o LI~Vl:L RMS 
L (SSUM 

RETURN 

A-71 



A.6.2 SYMBOLS USED IN STATISTICAL PROCESSING 

HSTOGM is zero-crossing histogram data [in ZXS]. 

RAW is data reacl from disk I in ST/\T l . 

HIST are the histogram values lin STTD]. 

ABINC is the bin increment I in SSCL]. 

BINWIDTH 1s the bin width [in SSCL]. 

FACTOR are scale factors [in SSC:L]. 

A-72 
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SUBROUT I ~~E. PROG ( I D ) 
INTEGER CHRNID 
DOUBLE PRE.CISiot'i TOT 
DOUBLE HWEGER I SEC0, I SEC1, I 5EC2, I SEC3 
I NTEGE.R RES 
COMMON/RZBLCK/RRWC512.15l,RMSC513~5),RCC513,5),XMERNC5), 

1STDEl.J(5) 'BIN!.-JIDTH(5) I TEf·lP5(5) I FRCTOR(5) 'FL If'1E(5) 'RBSC(5l' 
2SCHRNGC 5), RMSSUMC 5), SUf1, TOT C 5), SF ( 5), RBit·iC (5), '/95 ( 5), 
3'{99( 5 l, P95C 5), P99C 5 l, CHRNI D ( 5), I CRRDC ¥:)), SCNCNT, I R~< f 1834), 
iiCBBC4) 
Cot'1~10N.···czEl_cK/ I CAR, RES ( 2) , f'1CL ( 3) , EL2, Pf1 ( 2) , F2T, ZSCRL_E ( 17) , I PRO ( 3, 3 

. ) , I REC 1 fiUREC, NREC, I SECO 1 I SEC 1 , !SEC2 , I SEC3, MCU ( 7 ) 

6 IFCIPR0(1, ID)) 7,8,7 
7 CRLL IORRC10,30) 

CHLL Z><:3 ( I D ) 
t:: 1 F I I PRO ( 2, I D I I '3, 11 , '3 
g CRL.l .. onsc IDJ 

11 IF,:IPF.'CH3,IDl.' 16,17,16 
16 CALL IORRC9.201l 

CRLL STRT(!DI 
17 RETUF:H 

E~m 



:F 
SUBROUTINE ZXSCID) 
INTEGER RES 
DOUBLE INTEGER I SE03 • I SEC: 1.. I SEC2, I SEC3 .t _SEC3 
INTEGER HST0Gt1 
DIMENSION IHDRSC12) 
DIMENSION KC0L(6J 
DIMENSimi LCDU4), rlCDU 12) 
D H1Eii5 I Dr"-! H5T013f'H 15, 51 l 
CDMMO!'i/R7Bl CK/RECC512, 16), JSTDGM( 15,51), NZER0(15), m4RMEC5, 16), 

i DLHH 16.1, INBUFC5i2), SUn OSI, PEAl~(i5), IPSIH1C15), RESOLW 15), 
2 SONC2l, .JRIU9691 l, ICBBC4) 
Cm1MDN-·BZELCK/IS~iRU8481), IZTITU66), I'lTITU24), I><TITLC48), 
li CDHD ( 40) , I HD l 45 .I 

CDI1f·1QN./ CZBLCK./ I CAR, RES C 2) , r·JCL C 3) , EL2, Pf"J C 2) , F2T, ZSCALE ( 17) , 
1 IPROl3,3), !REC,NOREC.NREC, ISEC0, ISEC1, ISEC2,ISEC3,MCU(7) 

EQU I I...IRL . .EHCE i .JSTOG~J, H~3TIJGr-1) 
DFHA I HDRS./ 2HCA, 2HR , 2HBD, 2HD\', 2H , 2HLO, 2HAD, 2H , 2H , 2HA><, 2HLE, 

12H 
DATA DEL TAT-5. 683£-04/ 
DPTR LUf'J,.-·g,. 
DATA IA, IC, ID, IE, IF, ISUN,IB/4#0,1.10,0/ 
DATA Af1I LE-'5280. / 
DO 50505 I=1,4 
J,J=CID-1J#4+I 
ICBBCI)=JHDRS(IJ) 

50505 CIJiiT I t1UE 
c 
C CAF: BOD'/ 

rnrr·1Es=l 
::» 

I 6 
--..:! 

GO TO (6,7,8), ID 
ICOL=10 
CALL IORR(9,201,0) 
GO TO 9 

-10> 

7 ICOL=7 
CALL I ORAC9 ~ 2e0;l ~?:!) 
GO TO 9 

[; ICIJL=15 
C:RLL I ORR ( ':3, 200, 0) 

9 COT' iT I r·lUE 
TDI'3T=O. 0 
DI'3T=O. 0 
ODIST=-1.0 
t·iRED=O 
IP=2 
t lCDL 0 ' I DJL 
r·iCOLl =f'1COL +1 
I.JREC=O 
fiREC=I1F<:E~::: 
Dl·l~::;r··j= 1. /''512. 
I [ .. ~n::;= :l024:il4DJl .. 
CALL PDPENCIA, IC,ID, IE,IF,ISUN,IE) 
CFtLL DK I NT C 3, 512, I :::;EC::3, L::3EC:::O:, nREC) 
CALL DKWTCISTAT) 

4 C:Ot'HHlUE 
KPEC: = tiPEC 
f .. Jp I TE ( 3 , ](.\J;:~2 I I CBB, I CI."HD 
CRLL. 11TOPEiHL Uri, 1'3) 
CALL t·1TCJPEli ( UJi·i, 9) 



JCOL_;SO 
CALL :ZT I TL ( KCOL, JC[IL, LCDL, t1COL, t'lCOL, I l...JDS I 
DO 1 I = 1 , ~-lCOL 
READ ( 2 , 2001 l JCOL , ( Dr~Ar1E ( J , I ) , J = 1. 3 ) 
CALL ZT I TL C KCOL, JCOL , LCDL, t1COL , ~iCOL, I l-JDS) 

~~Rl TE(3, 30l>tl l CDNA~1ECJ, I), ~1~1, 3l, KCOL, u..:OL, DLHH I), nClJL 

KTI1P=f'10D (I. 5) 
IF( ID.EQ.3.A~iD.KTI1P.EQ.\2)) PRHH 3004 

1 cmnrNuE 
CALL f'1TOPEN ( LUN, 19) 
CALL ilTOPEN C LUN, 9) 

5 CONTiriUE 
C THIS ROUTINE READS DATA FROr1 THE D I SC LlJG I CAL AND l~DRK F I LE'3 

I ,JREC= I .JREC+ 1 
CALL r1T IO ( LUt1, REC, H~DS) 
CAL_L i1TLJA IT I LUti, I STAT, t-4~JDS) 
CALL DKRD ( 3, H1BUF, 512 .• I J:REC, 0) 
cALL DKlH I, r mH' 
CALL PCNFLCINBUF,l,RECC1.16),2,15,512,0l 

C NEED TO AQU I P..E AND cmm IT I CH-l THE SPEED DATA 
CALL PCLR(5Ur1, 2, 15, 15) 

)> 
I 

-..:1 
(J1 

20 

3(1 

-~· ._:';;:) 

40 

DO 20 I =1, 11COL 
SON I 1 l =0. 
CALL PCONRCRECC1, !),2,DNSN,O,SON,2,512,2,15) 

surH r 1 = smH 1 :1 
Cm1Tit·iUE 
DO 30 I =1, i'4COL 
CALL PSUBCSUMCI).0,RECC1,.I),2,RECC1, I),2,512,15) 

CONTI HUE 
i·JRED=t·1f.:ED+1 
I F C fiRED . GT. J. ) GO TfJ 40 
DO 35 I = 1 , t-iC::tJL_ 
PEAK ( I ) = REC ( 1 , I ) 
I PS I EN ( I ) = ( 3 . + ::; I GN (1 . , REC (1 , I ) ) ) /2 . 
RESOU·H I ) =DL HH I ) ./25. 
CHLL PCLR ( HSTOGr·1, 1 , 765, 0) 

CALL PCLR O'EERO, 1 , 15, 0) 
DIST=EECCL 16.lt.DELTAT 
CUUir1UE 
DO 10(~ I=IP,512 
DO '3'3 J = 1, t·~CDL 
I S I El.f = C3 . + S I Gt·H 1. , REC ( I , J ) ) ) / 2 . 
IFC ISIEt-l.EQ. IFSlENC~Tl) GO TO (6(1,70), IS IEN 

I B I N=26- IF I ><CPEHK(.J) /RESOL.N( ,J J) 

IFC IBHi. r;T. 51) IBIN=51 
I F ( IE ItL LT. 1.l I B Hi= 1 
HSTOGr1 ( ,J, I B I r1) =HSTOGt"l C ,J, I B I ~-l H1 
FEHK ( J)=RECC I, .J J 
IPS I Et'i ( .J) =IS I Et-·1 
NZEROCJl=NZEROCJJ+l 
GO TO 80 

60 CCJtHiriUE 
I F( REC ( I , ,J ) . L T . PERK (J ) ) PERK ( J ) = REC ( I , J J 
C30 TD E::O 

70 cor-n I r·4UE 
IF C PEC C I , .J) . GT. PEAl< ( J) 1 PEAK ( J) = REC ( I , J) 

t=:O CDi'iT I t1UE 
'J'J COT-IT I r·4UE 

DE:;T=DI'3T+RECI I, 16)t:DEL_TAT 
IFCDIST.LT.~MILEl GO TO 100 



Sf1 I LE= D I ST/AM I LE 
TD I ~::;T~TD I ST+1. 0 
CALL HGDHP C HSTOG~1, NZERD, DL I f1, Srl I LE, DNA!·JE, t--lCOL, OD I 5T, 

1I CEB, I CDHD) 
DIST=~l. 0 
CRLL PCLR ( HST(ll::lf'l, 1 , ?55. 0 ) 
CriLL PCLR ( t-lZE.RO, 1, 15, 0) 

1 VlO CONTI tiUE 
IFCNRED.GE.KREC) GO TO '301 
IP=1 
GO TO 5 

901 CONT H~UE 
SMILE=DIST/RMILE 
CALL HGDHP C HST0Gt1, ~EERCJ, DL I M, 51"1 I LE, DNRME, NCOL, OD I ST, I CBB, I CDHD ) 
TDIST=TDIST+SniLE 
CRL L f·1TDPEI-1 ( LU~i , :l 9) 
~J.RIT£(3,30()3) TDIST 
IF!fHif'lES. EQ. 2) GO TO 905 
IFUiOREC-U 905,902,905 

902 CRLL IIJRRl9,201,0) 
tiT I ~1ES=f1T I ~1E5+1 
GO TO 9 

905 RETURri 
2001 FOa·JRH I2, R4, 4>::, A4, 1~<, A4, 1>(, E15. 9) 
3001 FORf'lRTl: 18><, 3R4, 5><, 6R2, 5><, 4A2, 9><, E9. 2, 7><, 1 2R2) 
3('102 FOfl1RT ( 1Hi, /'62>':, 4A2, /SO><, 4J;)A2, ////./56><, 'CHRNNEL DESCR I PT I Oi'J' , 

1 /·21 ><, 5Hf·iiJf'lBER, 9><, 4Hf·10DE, 13><, 4HT/FE, 10><, 14HD\liAf·1 I C i_ I t·J ITS, B>:, 
217HH1G I tlEEP. I ~1G Ufli TS, ./ .. /) 

3003 FOn1RT l 10><, 26HTOTAL D I STRNCE REPRESENTED, F 10. 3, 2><, 5Hf'"r I LES) 
3Ci(14 FOFliRT I 1H I 

.>-
' '-..] 

0\ 

END 
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SUBROUTINE ZT I TL C KCOI_, ,JCUL , LCOI_, MCOl_, NCOL, I ~~DS) 
I t··JTEGEF RES 
DOUBLE INTEGER ISECO,ISEC1,ISEC2, ISEC3 
DI~1EI6 Im~ KCOU 6), LCOU 4), ~1COU 12), I STRT1 (39), I STRT2 ( 39 l, 

1ISTRT3C39) 
CDMt10N/BZBL.CK/ I SMAU 8481) , I ZTI TU 56) , I \'Tl TU 24) , I><T I TU 48) , 

1I CDHD ( 40 ) , I HD ( 45 ) 
COMMOt-! . .--f:IZBLCK/REC ( 512, 16) , JSTOGt·l ( 15, 51) , NZERD ( 15) , DNR~1E ( 5, 16) , 

1 DLI~H 16), I~1BUFC512l, SUM( 15), PEi=lK( 15), IPSIEI1(15), RESOLNC 15), 
2 SON(2),AMNC2l,JAILC9687),ICBEC4) 

Cm1t10N/CZELCK/ I CAR, RES ( 2) , t1CL C 3) , EL2, Pf'1 ( 2) , F2T, ZSCRLE C 17) , 
1 IPROC3, 3), IREC, NDREC, t1REC, ISECO, ISEC1, ISEC2, ISEC3, t1CUl7) 

DATR ISTRTL.-1, 7, 13, l':J, 25, 31. 37, 43,49, 55,1, ?, 13, 19, 25, 31.61, 1. ?, 13, 
119.25,31.51.1,7.13.19,31.~.7.13.19.31.1.7.13,19,31/ 

DRTr::l I STR 1 c'/ 10::f: 1 , 7::t:5, ?t:9, S:t 13, s::t:1.7, 5:t21 / 
Dr:iTH 1 STRT3/3tl, 3:t 13, 2*25, 2t37, 3tc1, 3:t13, 25, 3~ti, 3U3, 25, J:U, 2i:13, 

13*1' 2:t13. 3t1' 2*13./ 
I F C JCOL. EQ. 50 l CoiJ TCI 40 
1 ~:; 1 = I STRTl ( JCOL ) 
IE1=IS1+5 
:KK=0 
DO 10 I= I 51, I El 
KK=KK+l 
KCOLCKKl=IZTTTLCil 

10 emu I r·~uE 
IS1= ISTRT2( .JCOL_) 
IE1= IS1+3 
KK=0 
DO 20 1=151, 1E1 
Kl<=l<l<+l 
LCOL C KI< ) = I \'T I TL ( I ) 

2C:) c.::m-rr 1 r·1uE 
IS1=ISTRT3CJCOL) 
IE1=1S1+:l1 
KK=O 
DO 3(:) I= ISL IE1 
KK=KK+l 
MCOLCKKJ=IXTITL(l) 

30 emu 1 r-JuE 
GO TO 100 

40 DO 42 I=l,NCOL 
~3UIH I)= 10. OE10 
PERKCI)=-10.0E10 

42 C::OtHit1UE 
DO 50 I .JK = 1 , f·-lREJ:::: 
CALL f'1TIOC9, REC, IWDSl 
CALL f'1Tl .. JR IT ( 9, I 5 TAT, N~~DS) 
DO 45 I ~ 1, 1·1CCIL 
CALL PMAXCRECC1, !),2,SON,0,512,15) 
Cf='il.L. n·1 I r-1 C REC C 1 , I ) , 2, Anr·1, •), 512, 15) 
IFCPERKC I l. LT. ~30Nl PERK( I) =SOf~ 
IFCSUMCI>.GT.RMN) SUMCI)=RMN 

45 CmUII1UE 
50 CCir'·lT I t·1UE 

DO E:O I = 1 , ~1CIJL 
SUr-lCI)=RESCSUr-1(!)) 
:<TEt-1P=Rt1A><1 CPERKC I), '3Lif1( I)) 
IF( ><TEt--1P. LE. C'. 0) GO TIJ :30 



NE-<P~0 
60 IF ( ><TEMP. GT. 1 l f30 TO 6~; 

~1E><P~riE><P-1 
><TEI1P =~<TEMP~: 10 . 0 
GiJ TCr 50 

65 ILTMP= IFD(CXTEMP+L 0) 
DLI r1 C I ) = RORT ( It_ Tr1P n 10 . O:t.JKNEi<F 

80 CONTI r-UE 
100 RETURN 

)> 
I 

---...) 

·co 

EI~D 

"' 



:f 
SUBROUT I r·iE HGDMP C HSTDG!·1, l'lZERO, DL_ I M, D I ST, DNAf"lE, r~CDL , DD I ST , 

1ICBB, ICDHD) 
D Il'lENS IO!'l I CBB C 4 l , I CDHD ( 40) 
DOUBLE PRECISION DCHAR,DBLANK,DLABLC11) 
I ~HEGER HSTDGM 
D It1ENS ION HSTDGrH 15 , 51 ) , 11ZEIY~O ( 15 l , DLI ~1( 16 l , l LABLC 17 ) 
Dit1EN5Im1 DNm1E(5, 16l 
DRTR DBL~1NK/6H / , l BLRNK/2H / 
DATA IDRSH/2H--/ 
DRTR DLRBL/6H 1. 00, 6H 0. 80, bH 0. 60, bH 0. 40, 6H 0. 20, 6H 0. 00, 

lK E.H -0.20,E.H -0.40,6H -0.E.G,f=H -0.8G,E.H -1.00• 
DRTR ILABL/2H p, 2H E. 2H R, 2H I<, 2H , 2H U, 2H A, 2H L_, 2H L\, 2H E, 2H 

* 2H I ,2H 11,2H ,2H G,ZR0R7,2H S/ 
DRTR ODIST--0.0./ 
PR I f'IT 4000, I CBB, I CDHD, r:DNAI'1E (1 , I ) , I = 1 , NCDU 
PR I ~H 3999, C D~1r-:li1E C 3, I l , I = 1 , NCDL l 
PRINT 4001, CDLIMCIJ, I=1,NCDLl 
I CHAR= I BLAI'lK 
DO 1 i)0 I = 1 , 51 
IFCMDDCI-1,5l.NE.0l GO TO 25 
J= I ··5+1 
DCHHR = DLREL ( ,J l 
JCHRR=IDRSH 

25 CDf'4TI NLIE 
I F C I . L T . 1 :3 . DR . I • f3T . 34 . l l:i:iD TO J5 
ICHAR=ILAELC I-17) 

35 CIJf'lT I 11UE 
> t.-JR I TE ( ::::, 4~)2) I CHAR, DCHAR·, .JC.HRR ~ ( HSTOGr--1 ( J, I ) , J = 1 !t f'"·{COL) 

!CHAR= IBLR~W I 

-.....] 

\.0 JCHAR=IBLANK 
DCHf4P=DBLffi1K 

100 [I]NTINUE 
DO 110 MI=i,NCDL 
r·CEROCf·tl l= CfiZEROCt-11 l-1 )/2 

110 CmHH1UE 
~-JR I TE C 3, 4003 l i'iZERD 
IFtDIST.LT.1.0l GO 1D 120 
IJD I ST=IJDIST+DI ST 
PDI~3T=ODIST+1. 0 

115 l-JRITEC3, 401'34) ODIST 
l-~RITEC3, 4005) PDI~3T 

GO TO 125 
120 IJDIST=ODIST+1.0 

PDI~3T=ODIST+DIST 
GO TO 115 

125 RETURt1 
3999 FORf1RT ( s:<, E.HNUi1EER, 15 ( 2X, R4, 2:><) ) 
4000 FDm1RT ( 1 Hi , 50>~, 4A2, /50><, 4002, 

1 /4:X:, 7HCHANNEL, L<, 15 ( A4, 4>0 ) 
4001 FORi1ATC5>< .• 7HD''f'fiRt·f!C, 15C8H +/- )/5>(, 6HL. IMITS, 15E8. 2) 

4002 FOPi1HTCA2, 1><, R6, 1>(, A2, 1><, 15( 15, 3:><)) 
4003 FORtlRTC 4><, 6Hf'iUt-1BF.R, 3><, 1:18( lH-) .A><, 9HOF C'1'CLES, 15( I 5, 3/()) 

C l ) >C3, 5 I C 51. SG~·-1 I SSORCH9, /(4/) -Hi C 811, ><5, OREZH4, ><4 CTAMROF 3004 

4(?J04 FORr-1ATC4:x:, 14HDATA FPCif-1 i1ILE, FlO. 3) 
C ) SEL I r·JH5, ::<3, 3. OlF, DETi1ESERPER ECi'lRTS I DH02, ><4 ( TAMRIJF 4004 

4005 FDPf--·1AT ( 5><, 12HDATA TIJ r--~ I LE, F 10. :3 l 
H~D 
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SUBftOUT I NE Ot·lS ( I COL ) 
DOUBLE INTEGER I SEC0, I SECi, I SEC2, I SEC3 
DOUBLE INTEGER l.SF.C3 
I t·HEGER RES 
D I ME~~SION HDR("3) 
COMMON/AZBLCK/UEC C 512, 15) , I JOKE (12312) 
Cot1~10N/CZBLC!V' I CRR, RES ( 2) , ~1CL ( 3) , EL2, Pt1 C 2) , F2T, ZSCRLE ( 17) , 

1 IPROC3, 3), IREC,NOREC, t'iREC, ISEC0..ISEC1, ISEC2, ISEC3, MCUC?l 
DATA LUI'--1/9/, LUN 1/7,/ 
DRTR HDR/4HCARE, 4HLOAD, 4HA><LE· 
NTir1ES= 1 
CALL DKINTC3, 512, ISEC3, L_SEC3, NREC) 
CALL DHJT ( LSTAT ) 
GO TO (1,2,3), !COL 

1 CALL I ORR ( '3 , 201 I 
H.JDS=10240 
GO TO S 

2 CRL.L. I ORR ( '3. 200) 
n.JD~,=716B 

C30 TO 5 
3 CRLL IORR(9,2G0) 

I ~JDS = 1536€'1: 
5 CRLL IORRC7,16) 

CHLL_ t·1TOPEH ( LUi·i, 19) 
CRLL t·1TOPflJ ( LLJN, 9) 
Ct=lLL 11TOF.'EN (LUI~ 1 , .3) 
c::RL .. L t·1TI 0 ( UJi"H , HDP. ( I COl_) , 2) 
CALL t·mJAIT ( LLJt·il, I STRL i4l·lDS) 
DO :300 I = 1 , f{REC 
IJ=I 
CRl_L_ i"!T I 0 ( UJN , UEC, I l~DS ) 
CRLL ~1Tl-JA IT ( LUH, I STAT, ti~JDS) 
CAU... t'1T I 0 (: LUt··il , l.JEC , I l~DS ) 
CALL t1T~JA IT ( LUt-11, I .STAT, ~ll.·.lDS I 
CALL DKRDC3, IJOKE,512, IJ,O) 
CALL DKl·JT ( I STAT) 

300 

CRL_L f·1TIOCLUN1, I.JOKE, 5121 
CALL t'JT~Jf1 IT ( LUtU, ·I STAT, ti~JDS) 
cor·n I ~iUE 
CALL f'1TOPEN(LLJnL i ?I 
IF ( r·n I t·1ES. ED. 2) GIJ TO 500 
I F ( NOREC -1 ) 50~3 , 4(~) 1 5~30 

400 tiT I i1ES=tH I l'lES+l 
Cr:LL IIJRR(9,201) 
(;i] TCI 5 

":;oo RETi..JRt·i 
nm 



:F 

)> 
I 

00 
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SUBROUTINE SFL T C QX, GlN, Rm~) 
DH1ENSimi Q>~f.5), QN(5), RAI-H512, 15) 
D I r'lEr'lS I ON Rr1XC 2) , Rl-1~i C 2) 
DO 10 I =1. 5 
CALL Pr·1AX ( RAW C 1. I ) , 2 .f~t·l>< , 0 , 512 , 15) 
CALL Pr1HHRR~~(1. I) ,2,A~1N,0,512, 15) 
I F (Q>< C I ) . L T . RM>O QX ( I ) =At"\ X 
I F f. Qli c I ) . GT • Fl~1~i l mi C I l = m1N 

10 COnTINUE 
RETUR~~ 
HlD 



:F 

> 
I 

00 
N 

SUBROUTINE STTD 
INTEGER CHR~~ I D 
DOUBLE PRECISION TOT 
CDr"1110f·{/RZBl_cK.·RRW(512, 15), R~1SC513, 5), ACC513, 5), XMEAN(5), 

15TDEl.J(5), BINI.-IIDTH(5), TEMP5(5), FACTOR(5), FLINE(5), RBSC(5), 
25CHRN5 C 5 ) , Rt·1SSUI"l C 5 ) , SUf"l , TOT ( 5 ) , SF ( 5 ) , RB I l'iC C 5 ) , Y95 ( 5 ) , 
3'r'99 C 5), P95C S), P99C5), CHANIDC5), I JARDC 40), SCNCNT, I A;< ( 1834), 
3ICB8\4) 

Cot1MON,·BZBLCK-·'ITEM.F(512, 5:)., HISTC5,200), IPXC3921J, I2U56), IYUe:?4), 
1 I>(L ( 48) , I CRRD ( 40) , I HD ( 45 ) 

DO 56 !<=1,5 
CRL. L PRDD ( RR~H 1 , K) , 2, SCHP.NG ( K) , 0, RmH 1 • IO , 2. 512, 15) 
CALL Ft1P\' CRRL~ ( 1. K), 2, FACTIJRCK), 0, RRl·H 1, lO, 2, 512, 15) 
CRU_ PRDDCRRW(l,K).2,1.0,0,RAWC1,Kl,2,512,15l 
CALL PCm1GCRA~H 1, IO, 2, 1. 0, ~). RAL-~( 1, K), 2, 512, 15) 
CRU.. PCOf"1U RR~·H 1 , K) , 2, 200. 0, 0, RmH 1 , K) • 2, 512. 15 l 
CALL PCNF~URHJ,H 1, K), 2, ITE!'WC 1, !0, l, 15,512, 0) 
DO 52 KK=L512 
HI ST C K, !TEMP CKK, K)) =HISTCK, ITEl'1P OJ.::, K) Hi. 0 
TOTIYJ=TOTCKJ+l.O 

S2 COI'H I f'~UE 
56 emu r r-~uE 

F:ETUF:~i 
Er·in 
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SUBROUTINE SSCL 
DOUBLE PRECISION TOT 
INTEGER CHANID 
COMMON/RZBLCK/RRWC512,15J,RMSC513,5l,ACC513,5l,XMEANC5J, 

1STDE\..l(5), BIN~JIDTHC5), TEMPSC5), FACTOR(S), FLWEC5), AESCC5), 
2SCHANG(5), RM5SUHC5), SU~1, TOHSl, SFC5), ABHiCCSl, Y95C5), 
3Y99(5l, P95(5), P99(5l. CHAN!D(SJ. H::ARDC 40), SCNCNT. IA><C 1834), 
2ICBBt.4) 

DO 10 I =1. 5 
FACTOR( I )=100 .. /SCHAHG( I) 

10 COI~T I ~iUE 
CALL PRELCSCHRNG, 2, SF, 2, 5, 1) 
CALL Pr'1P'·t'(SF, 2, O •. ~H. 0, ABINC, 2, 5, 15) 
CALL H1P'((6F, 2, 0. 01, O, EINWIDTH, 2, 5, 15) 
RETURN 
Hm 



:f 
SUBROUTINE STD 1 C NT I ~1ES) 
INTEGER RES 
DOUBLE INTEGER ISEC0, ISEC1, ISEC2, ISEC3 
INTEGER CHRNID 
DOUBLE PRECISION TOT 
COi1MON/8ZBLCK/RR~·H512, 15), F:i1SC513, 5J, RCC513, 5.J, >J1EP.NC5), 

1STDE~J(5), BINLJI DTHC5), TE~1P5( 5), FACTDR(51, FL rt·i£(5), P.BSCC5), 
2SCHANG ( 5 ) , RtlSSUt-1 C 5 ) , 5Ut'1 , TOT ( 5 ) , ::JF ( 5 ) , AB I NC ( 5 ) , '(95 ( 5 ) , 
3Y99(5). P95C5l, P99C5i, CHRNIDl5l, !JRRDC 40l, SCNCNT. FP.f::;(5), IRX(1824l, 
3ICBBC4) 
COi1~10!'·VBZBLCK/ ITEr-1P (51;:!, 5 l , HI ST( 5, 200 l , I P>< C 3921) • I ZU 56) , I '-,'L( 24) , 

1l>:U48), ICRRDC40), IHDC45) 
COI1MOI'i/CZELCK/ 1 CAR, RES ( 2) , 1"1Cl_ ( 3) , EL2, Pf·t c 2) , F2T, ZSCAL E ( 17) , 

1 IPR0(3,3), IREC,NOREC,f'iREC, ISEC0, ISEC1, ISEC2, ISEC3,nCt.J(7J .. 
100 FORf·JP.T ( 5 C 12>< , ' CH ' , I 2 , 3>< l , 12;'< , FEi • 0 , 6H SCANS ) 
101 FIJRMRT ( 2 C 12><, 'CH ' , I 2, :3><), ?2><, FEi. 0, 6H SCR~iS) 

1000 FORMRTC1X,5CF9.3,F11.5)) 
1001 FORf'1RTOH1, 25>:, 'P E R C E r-1 T 0 C C U R R E N C E H I S T 0 G 

1H A n ' , .·'26>~. 40A2l 
1003 FD~MRTt/,' ST. DEU. ',5(Fi1.4,9X)) 

c 
C C0f1PLITE f"lEAt·i + DEt) I AT IONS I f·i T I t1E Dm1P. I ri 
c 

~ 
I 

00 ...,. 

IJK=5 
IFCNTIMES.EQ.2l IJK=2 
~":REC: = ~1REC 
SCl·lClH=><REC:::fS12. 
CALL PCLRC,:HEAf·J, 2, 5, 15) 
CALL PCLPCSTDEU,2,5,15l 
DO 15 I=i,S 
TEMPSCil=100./TOTCil 
R H4C=-'3F C I l 
RII1C2=RHiCHABINCC I )/2.! 
DO 5 J=1,200 
:<TH1P =HI ST ( I , ~TI /'TOT( I l 
><t·1EAt·H I l =><f·1ERNC I H>;TEr1P:t:R It-iC2 
::::;TI)£1.)( I) =STDEUC I H><TEt1Ff\:RH~CtRHiC+Pn1CtABir4C( I HRBH·iU I))!: 

:l.RBINC:C I )/'3.) 
RINC:=RINC+AEINCCil 
R H1C2 = R I NC2+AB IfiC C I ) 
HI ::::;T ( I , ~T l =HI ST C I , J ) :KTH1P3 ( I l 

::. cmlTINUE 
R~1S5UM ( I ) =-:3QRT ( STDEU ( I ) ) t.FRC C I l 
STDEU C I ) = STDEU C l ) -><riERfH I :q:::xJ1ERt··j ( I ) 
STDEt) ( I l = ::;cmT ( STDEt) ( I ) ) 

15 CONTINUE 
c 
C FR I rlT + PLOT HI STOGRP.t·t; 
C SET Pf.:I~-lT PAGE + PLOT HEADiflG~; 

PR I tH :l (~31 , I UiRD 
c:: PR I t·iT PACCiE :3UBHERD I fiG~; 

2 IF ( I .JI<. EO. 5) GIJ TIJ :::: 
FRINT 101. CCHAi1IDtJ.J),.JJ=l, I.JK),TOT•:l) 
C3CJ TD 4 

3 f'Rit·H 100, CHAt·liD, TOT 1:1) 
·l C:CJilT I t··JUE 
LH~E=4 
DIJ 200 I o~ 1 , 5 



200 

210 

220 

230 

240 

245 
247 

2':::.0 
25:3 
253C1 

254 

> 255 
I 

00 

Ul 2GO 
270 

282 
285 
r· 
'-

RBSC ( I ) =-SF C I ) 
FLI~lE( I) =0. 0 
cmnrr~uE 
KK=l 
ri=O 
ItO 285 K=l, 5 
GO TO C210.220,230,230.220,210),K 

Jt1A><=10 
JLUnP=4 
GO TO 240 
JMA><= 10 
.JLUt1P=2 
GO TO 2··+0 
.Jt·JR:><:=40 
.JLUMP=l 
DO 282 .J = 1 .JMA>< 
DO 254 I =1, I.JK 
FLIHEC I J =0. 0 
DO 253 .JJ=l, JLUMP 
KSUB=KK+.J~T-1 

ABSC (I) =ABSC (I) +ABif'iC (I) 

FLINE(I)=FLINECil+HISTCI.KSUB) 
cunir·~uE 
FL I t·~E (I) =FL I t·4E (I) /.JUJMP 
CONTit·JUE 
l'l=tl+1 
KK=KY.+JLUt'lP 
I F ( L I t··JE. GT . 64 .J 131] TIJ 260 
PRINT 1000,CABSCCI),FLINECI),I=1,I.JK) 

LWE=LH1E+1 
130 TO 282 
PRINT 1(~0j_ 

L lt'1E= 1 
GO TO 255 
cm·nrr-JuE 
CONTit'iUE 

C CALL HPLOT 
c 

PRINT 1003, CSTDEUCJJ),JJ=1, IJK) 

RETUF:t·\ 
am 



90 

98 
100 

r!IJ 90 V=1,5 
Rlt3SU~1 ( K) =0. 
TOTCI-0=0.0 
CONTINUE 
IPAGE=IPRGE+1 
RETURN 
FORr·1R-TOH1,30l<:, 'lJ I B R R T I 0 N R N P. L Y S 

*....-, 30>;, 40R2, /.-··) 
101 FDR~1RTC37?<,5('CH ',12,11>0,/) 

1001 FOR~1RTC37><, 2>:: 'CH ', 12, 11>0, /) 

S S U M M R R Y' 

102 FOR~1RTC4X, 'STR~·mARD DEI..JIAT!Dr-~' , 5X, 5(5><, F9. 3, 2X), /) 
103 FORMRTf4><, R2, 1><, 7R2, ?><, 5(5><, F9. 3, 2.'>0, /) 
106 FORMRTC4X, 'RMS', 21><• 5CS><, F9. 3, 2>0, /) 

105 FDRf'"lAT(///./.·//1 
110 FORr·1RTl31><, 'T I t'-1 E P R 0 C E ':; S E D' ,F10.2,4><, '5 E C 0 r·~ D ~:;·) 

HID 

> 
w 
Q'\ 



:f 
SUBROUTINE SSUMCNT'MES) 
DIMENSION IPRCNTC7) 
INTEGER CH~NID 
DOUBLE PRECISION TDT 

I 
\ 

COMMON/AZBLCK/RRWU}12, 15), RNSC513, 5), ~CC513, 5), XMERt'IC5) • 
1STDEUC5), BIN~.JIDTH\5), TEI'1PSC5), FRCIDFH5l, FLINECS), RBSC(5), 

c 

> 
I 

OJ 
-.._.] 

2SCHANG ( 5 ) , Rt1SSU1'1 C 5) , SUI'1 , TOT C 5) , SF C 5 ) , AB I NC ( 5 ) , '/95 ( 5 ) , 
3Y99( 5), P95 ( 5), P99(5), CHANIDf5), I JRRDC40), SCNCNT, I A>< ( 1834), 
1 ICBB( 4) 

C0f'1f'1m1.·BZBLCK/ ITil1PC512, 5), HI ~3T( 5, 200), I P>< ( 3921), IZL (56), I \'L(24), 
1IXLC48), ICARDC40l,IHDC45l 

DATA I PRCNT /cHPE, 2HR , 2HCE, 2HNT , 2H L, 2HE~J, 2HEL/ 
Df".:JTA I 95, I 99/2H95, 2H99.··· 

COr-1PUTE 95 + 99 PER CENT LE' ;J~:LS 
LTK=S 
!F(NTIMES.EQ.2) IJY=2 

20 DO 40 1~1, IJK 
!SUB=! 
:::;!Jr12 "' 0 " 
OPCT=O. 
THRESH=.95 
DO 15 ._1=1.200 

15 HI STl: I , J) =HI ST C I , J) /TEJ1PS C I ) 
RSS I 13~j 50 TC:J t·u 
DO 35 .J=1, 100 
J1=1i)0-U-1) 
:3Uf'12=':Lit12+H!STC !SUB, ._11 )+HIST C I~iUB, ._1+100 :< 

PCT=SUI"12/TDT ( 1) 
30 IF ( PCT. 13T. THRE:'3H) GC.1 TD ~-Ji 

OPCT=PCT 
35 CIJtiTIHUE 
40 C:::Oi-IT I tiUE 

GD TD 75 
5•3 '·(95 C I ) = C . 95-0PC:::T) :J<:B H~W I DTH ( I .l •. ·· ( PCT -DPCT) 

P95C I::= (FLOAT ( .J-1 );"f:Bih'f.·.l IDTH C I) +'/'35( I)) 
THRESH= . '39 
ASSIGN f,lJ TD N1 
130 TCI 30 

50 . ('39 C I ) = ( . 9'3-0PCT) :KB Ii1W IDTH ( I ) / C PCT -DPCT) 
P9'3 ( I ) = C FLDf=rT U -1 ) JB HiL·JI DT'r-i ( I HY'39 C I ., ) 
GO TD 40 . 

C PRINT 5Urit·1AR'/ PAGE 
75 CONT Ii"iUE 

PRINT 100, IC:AF:D 
PRINT H.'l5 
IFClJK.EQ.5) GO TO 10 
PRir···~T 100:1, (CHA~·iiD(JJ), JJ=1 :r I.JK) 
GIJ TCI 14 

10 PRINT 101,CHANID 
J. 4 r:::mlT I r-tUE 

PRHiT 102, I:STDEI..JCU), JJ=L UK) 
PRI f'iT J.03, I 95. T PRCHT, C ?95( .J.J), ,J,J= 1, I JK) 
PRit··lT 103, !'3'3, !PRDH, (f'9'3(~T~T:' ,JJ=l, IJK) 
PRINT 105, CRMSSUMCJJ),JJ=1,IJK) 
PRlt·H 105 
~;=scr··.~cr~~T.···128. 

PP I t··tT 110, ::::; 
CRU ... PCL .. R C H T :-~~,~co, 1200, .1:::) 

" 




