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Chapter I

INTRODUCTION

Semi-trailer trucks are assuming an ever-increasing role in the trans=
portation of consumer and capital goods. They provide the necessary link
between the manufacturer and the consumer, As the advertisement states, "If
you got it, a truck brought it." Although the semi-trailer truck has obtained
increased importance, the understanding of its vibrational characteristics
has lagged. Therefore the develcpment of a three.dimensional model far the
vibrations of a semi-trailer truck shall aid in a better understanding of the
vehicle's motions.

A number of investigations have analyzed the vibrational characteristics
of semi-trailer trucks, but have limited their studies to planar motions (8),
(11), (16), (17), (18).* The most camprehensive planar analysis was given by
Potts (14), (15). The assumptions necessary for a planar analysis preclude
certain physical realities. In a planar analysis the yawing and rolling
motions of the vehicle are ignored. No distinction is made between the
"bumps" encountered by the left and right side wheel sets. In the model to
be presented, all these effects are accounted for,

After a number of assumptions were made to reduce the camplexity of a
"real" truck, energy methods and Lagrange's equation were used to develop the
equations of motion for the vehicle. Twenty-one coordinates were initally

chosen to describe the motions of the vehicle's camponents. Three kinematic

#*Numbers in parentheses refer to references given in the selected
bibliography.



equations of constraint, due to the fifth wheel kingpin, and one ignorable
coordinate were discovered. Thus the number of independent degrees of
freedom was reduced to seventeen, Two digital computer programs were devel-
oped to solve various steady state problems. While these programs were used
primarily as a check for the correctness of the mathematical model, they
could be used in an extensive steady state analysis,

The three-dimensional model developed in this thesis privides a useful

addition to the simulation of semi-trailer truck vibrations.



Chapter II
PHYSICAL DESCRIPTION OF MODEL

Physical Assumptions

The complexity of a real semi-trailer truck was reduced by making a
number of simplifying assumptions, The tractor and trailer, less their
suspensions, were assumed to be rigid bodies. Tandems and dual tire sets
were lumped into an equivalent single axle-tire assembly; thus the vehicle
was assumed to have three axles and six tires., Each of the equivalent
suspension assemblies was assumed to be rigid in the longitudinal direction,
thereby constraining axle movement to planar motion normal to the direction
of travel, Each of the six tires was supposed equivalent to linear springs
and viscous (linear) dampers possessing different properties in the vertical
and transverse directions, as shown in figures 3, 4 and 5. The axle suspen-
sions were also substituted by equivalent linear springs and dampers in both
the vertical and transverse directions. These springs and dampers were
assumed to be attached to the tractor and trailer directly above the axle.

Rigid bars, normal to the horizontal plane, were fixed to the rigid
axles at the spring and tire attachment points (see Fig. 3). The transverse
motion of these bar end points was used to describe the interaction between
chassis, axle, and tire, due to the rolling motions of the vehicle components.

Oscillations about the equilibrium positiocns were supposed small, so that
rigid body motions could be described by linear functions of the chosen

coordinates.
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At the tire-road interface, slippege was not permitted. Nonlinearites

such as cargo movement, wheel-hop, and coulamb friction were ignored.

Describing Coordinates

The equilibrium positions of the sprung and unsprung centers of mass
were used as the origins of the fixed coordinste systems. Figure 1 shows a
general set of rectangular axes used. The longitudinal and transverse
motions of the center of mass were described by the X and Z coordinates,
respectively, where the X and Z axes lie in a horizontal plane parallel to
the road surface, with the positive X axis coincident with the direction of
travel, The positive Z axis points outward and left of the vehicle, as
defined by the driver. The vertical component of motion was given along the
Y axis, The rigid body rotations of roll, pitch, and yaw were given respec-
tively by 6, ¢ and £, Positive angular rotations were defined by the right-

hand rule.

6 roll
x p
Longitudinal (}7— Center of
direction mass
yaw
’ Q_
pitch ::
Z
Transverse
Y Verti
direction d;;ec:;in

Figure 1: Rectangular axes.
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Figures 2, 3, U4, and 5 show that twenty-one coordinates were used to

describe the motion of the vehicle; six coordinates each for the tractor and

the trailer, and three coordinates for each axle assembly.
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Chapter III

MATHEMATICAL DESCRIPTION OF MODEL

Lagrange's Equation

The Lagrangian equations of motion are

d_(BT)-BT +3D +23V_=gq, , (1]
dt ‘ax, ax X, 3x
i i i i

where

n = number of degrees of freedom of the system,
T = kinetic energy funetion,

D = dissjipation function,

V = potential energy function,

x = generalized coordinate,

q = generalized force.

When linear theory is used to analyze a vibrations problem, certsain
simplifications in the derivation of the equations of motion result, For
linear theory, Langhaar(10) shows that the kinetic, potential, and dissipation

functions can be expressed as homogeneous nuadretic functions of the form

.« @

n
R

e~

1
T=3

11
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wvhere the mij's’ kij's' and ciJ's are constants. Substituting the above into

[1] yeilds an equivalent expression in summetion form as

! (miJ;J + cijij - kinJ) = - { 4= dy 25 @ & 5 sl
J

or in matrix form as
[mg JX3 #+ Loy, JiXb+ [ky,1(X} = {Q},

where

2
m =_d3T ,
1) axiax

= 'p , (2]

cij
BxiB§J

2
k = a Vv .

1 BxiQIJ

Thus after the energy functions have been determined, the matrix elements are

easily obtained by taking partial derivatives of the respective functions.



13

Energy Functions
Referring to figures 2, 3, L, and 5, the kinetic energy can be written
down immediately as

r o2 52 2 .2 .2 i .2
T=1{mx +mx, + mx; + n.x,
2

X .2 ¥ 2 o2 . o2 o2
mgXg + m, Z, + m,z, + mzg + 1191 + 1262 + 1363 + Ihﬁk +
62 2 .2 .2 .2 a » é .

T 8; + J,8, + 38, + HyE, + HE, - 2Pg,8,8, = 2P 6,4, -

2Py7808, = Py 0,5, - Pggli, - 2Puel.d, 1. (3]

The potentisl energy in terms of the rigid body attachment points (see

figures 3, 4, and 5) is given by

%% ks[fw-R(t)]2 +x,[f 1

3h]

V= ;_{k7[f3v-L(t)]2 + k. [f bh
2

2
k) [tg,~D(t-T1, )12 k, [t3,]" + X [t ~R(t-1, )12

2 2 2 g
klﬁ[dkv-R(t_Tl)] + kla[duh] * kaldsv'dlv] * k17[d3h]

2 2 2 2
kls[dsh'dlh] = ku{dev'dzv] * k2o[dsh'd2h] + k, [ 1" -

2 2 2
by [fep=Tonl™ + Kglay ~L(t=1)]" + Kk [£ -7 /1% 4

2 2 2 2
K s[fSh'flh] # ks[tsv"tlv] * kzs[tsh‘tlh] + ks[tev'tzv] *

]2

ky [tey-t ] ¥k, [f~T0 ] s (4]

2h

where the second subscripts, v and h, represent respectively the vertical and
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transverse displacements of the various attachment points.

Before the potential energy function can be written in terms of the
chosen coordinates, the displacement of & general point in & rigid body due
to small rotations is required. Consider the general point Bhown in figure 9

and defined by the column vector

Figure §: Definition of rigid body point.
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The final position of point P after three successive rotations is

{R} = [2] [#] [e] (Rm},

where

cos £ 0 sin £

[Z] = 0 1 0 ;
-sin £ 0 cos §
cos ¢ =sin ¢ 0

[¢] = sin ¢ cos ¢ 0 .

0 0 1

1 0 0

[e] = 0 cos 6 -sin 8 .
0 sin @ cos B

From theory of matrices, it is known that general matrix products are
noncommutative; thus the finel position of the point P is dependent upon the
order in which the rotations are assumed to occur. However, the transforma-
tion matrices become commutative if the magnitudes of their elements are
sufficiently amall., Since in linear theory we stipulate that the coordinates
are limited to small oscillations, it may be assumed that cos £ = 1,
cos $ = 1, cos 6 * 1; and that sin £ = £, sin ¢ = ¢, sin 8 = 6, If in addi-
tion it is assumed that the products of the small quantities (£, ¢, 0) are

similar to zero, the final position of the point P is not dependent upon the



order of rotations,

With the mbove assumptions, the new position vector

1 =3 £
{R°} = ) 1 -8 {R}.
- ¢ 1

The displacement of P is

{R} = {R"} - (R},

or in scalar form,

H
1

= -r ¢ + T E ,
X ¥ z
;=r¢-r8,
¥y % z
;=-r£+r0.
z X v

is given by

16

(5]

The displacements of the attachment points used in the potential energy

function [4] are determined by referring to the dimensional schematics for
the vehicle (see figures 6, T, and 8) and using the equations of [5].

tuting the appropriate relationships for the point displacements gives the

potential energy function in terms of the chosen coordinates as

Substi-
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2 2 2
V= %_{k7[x}-wB]-L(t)] + k13[21+y91] “ ke{x1+w91—H(t)] + k

2
+u95] +

2

2
k12[x5+w85-ﬁ(t-12)] + k22[25+y65] + ks[xk—r¢“—(t;2d)9u-xs

2 2 2
kpolxy*he, +eB —2 4v8,]  + k) [x -wo =L{t-1,)] + k, [z 4y6,] +

2 2

2
kg[xa-wea—L(t-rl)] + k z3+y93] + klo[x3+w83-R(t-rl)] +

17[

2

2
kx[xz+8¢z'(s;2&)az‘x1+“91] + k, [x,-gk,+co -z +vo ] +

2 2
k2[x2+g¢2+(s;Ea)Gz—xl—uBI] + ky [x =gl +cO -z, +vE ] +

2 2
klg[x7+h£2+c82-z3+v63] + kh[xz'h¢2+(552&)ez'x3'u83] +

2 2
kza[x9+r£h+fﬂk-zs+ves] + ks[xk-r¢k+(t;2d)Bh-xs-ues] +

2 2
k18(23+y83} - ka[xz-h¢2-(szza)ez-x3+u83] +

2
kzk{x9+r5h+feh-zs+v65] 1. (6]

Since it was assumed that a vigcous damper was in parallel with every
spring, the dissipation function takes a form analogous to that of the
potential energy function., By simply substituting the k's by the c¢'s and the
displacements by their time derivatives, the dissipation fun¢tion could be
determined. However before writing the dissipation function explicitly, it

should be recognized that the chosen coordinates are not all independent.
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After studying figure 2, it is seen that the kingpin is & point common to

both the tractor and the trailer; thus the motion of this attachment point

can be described in terms of either tractor or trailer coordinates. This
cammon description of the kingpin motion results in three kinematic constraint
equations. The motion of the kingpin in terms of the tractor and trailer
coordinates is given respectively by the following vector equations,

— Lw
KP =5, NN

= Sc‘ * Skp/c’ '

il

Equating the two expressions gives

S + 8 =5 ,+8 e
c kp/e ¢ kp/e
Resolving this vector equation into its rectangular ceomponents by using the

equations of [5] yeilds the three constraint equations
x, - ¢, *+dg =x. - pe, +af, ,

x +tep =-d48 =x_ - b¢2 - aé

y " L 2 2 *

xg - ezu + gb = x_ + bEz + pb

Ll ¥ 2

Solving for xg, X,, Xg in the above equations results in expressions for these

dependent coordinates, given by
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x3=x5-P¢2+ﬂ£2"’Q¢h'd£us
x, =x, - b$, - ab, - ep, +db, , (7]
Xq = X, + DE, + pb, + ef, - ab, .

Thus the number of coordinates required to describe the motion of the vehicle
has been reduced by three,

After eliminating the dependent variables from [6], using the equations
of [7], it was observed that V was not a function of (note this also
implies that D is not a function of %.). As described by Wells(19), the

coordinate x_. is recognized to be an ignorable coordinate, After the dependent

6
velocities have been eliminated from [3] by the time derivative of the equa-

tions of [7], the Lagrangian equation of motion corresponding to the variable

X becomes

atlhx ) =0= msis + ma(ie'p$z+agz+q;u'dgh) : (8]

Solving [8] for ;6 gives

. By

X =
6 m_+m
6 8

(po,=aE,=q9,+dE, ). (9]

Integrating [9] twice with respect to time yeilds
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X = —— (po,-af -qd, +dE, ) + c,t+C, . [10]

The constant C1 is equal to zero because the coordinate x_ describes

6
oscillations about a fixed point and can not grow with time. Since it was

assumed that x (0) = 0, C, must also be equal to zero. Having determined

the constants C1 and Cz, the ignorable ccordinate x is discovered to be

equal to

Replacing the dependent variables by their equivalent functions, the
kinetic, potential, and dissipation energy functions assume their final forms
as given by [12], [13], and [14] respectively.

o 2 2 .
T=1 (mlx +m %+ m3£3 + mh[iz-b$2-362-e$u+déu] +mx

® - . ® 2 *2 ® L] . ) (3 2
T5s [pé,-ab,-qe +dE 1" + m,x) + m [x, +DE +pb,+ef ~qb ]+

Wty
.2 .2 L) .2 [ 4 .2 [ ¥ .2 .2
mzy v mazy tmz, + L0+ 16, + 10, + 16, 10 + T+
T 62+ B2+ il o2p, 6.8 -2 B 4 -2 ¢
4%y ] ey T “Te27272 67°2%2 27727,
L ] L J - L] L3 L ]
EPsueusu 2P899u¢u - 2Pu95u¢u by [12]
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2 2 2
V=1 {kglxg-w8yoL{t=1,)] + k o[x #w0 ~R(t-v )] + k  [x - w6-L({t-1,)]" +
2

2 2 2
k), [x +wo~R(t-1,)] +(k13+ku)[z1+yell +(k]7+k13)[z3+ya3] +

2 2
(kystkyg) [xy=2)#ve +eB,~gE,] + (k gtky,) [x;-23+co,+ve +he,] +

2 2
kl[xz—x1+u61-92(s;2&)+g¢2] + kz[xz-xl-uel+az(s;2a)+g¢2] +

2 2

0 2 2
kg[x,~x--a6,- 8, +ugg-bp,~(etr)s,] + k,[x -wo,-L{t)] +
2

t6 - .
ks[xz-xs-aﬂz* 2‘* -uf ~bp,-(e+r)¢,] -l-ka[xl-l-'wel-R(t)] +

2
(kp3+k, ) [x7=25+P8,+(£-q) 6, +vE +DE +(etr)E, ] +

2
(ky +k,, ) [ztye ] 1, [13]
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[ ] ® L] 2 ® - - 2 [ [ a 2
X =Wl =L{t=T + ¢ X +wf =R(t- + c X -W@ =L{t= +
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Generalized Forces

The generalized forces were determined by considering the virtual work
done exclusively by the external forces when every coordinate was given an
arbitrary virtual displacement., Since the virtual work done by the external

forces is given as

the generalized forces can be determined by the relation

q.=_w_el (i-':l’e'nql’n)-
1 ax,
i
where
q. = the generalized foarce associated with the ith coordinate
i
We = total work done by external forces.

When the external farces are due only to a "bumpy" road, the generalized

force vector becames



2k

k;ﬂﬂ +c;4ﬂ +kgtﬂ +cgtﬂ
0
kgL(t-Tl) + ch(t-rl) + klOR(t-tl) + clOR(t—tl)
kllL(t-Tzl + cllL(t—tz) + kIZR(t-tz) - clzR(t-Tz]
0
0
0
0
{Ql}= wl-k,L(t) = c L{t) + kBR(t) + cR(t)]
0
w[-kgL(t-Tl) = ch(t—rl) + kloR(t-rl) + cloﬂ(t—tl)]
0
w[—kllL(t-rz) - cllL(t-rz) + klZR(t_TZ) + chR(t-TZ)]
0
0

0

0

After the generalized forces and the energy functions were determined,

the seventeen equetions of motion were written in the concise matrix form
[M]{x}+ [c]{x} + [K}{x} = {q} , [15]

where the mass, damping, end stiffness matrix elements were determined by
applying the relationships of [2] to the energy functions {12], [13], =nd
[14]. The respective non=-zero matrix elements are given in subroutine

DEFINE, found in appendix A.



Chapter IV

THEORY OF SOLUTION FOR MATHEMATICAL MODEL

Reduced Equation
The classical method of solving the equations of [15] in the absence of
damping is to find the modal columns which satisfy the homogeneous matrix

equation

[M]{X} + [K]{X} = {0} . [16]

However when viscous damping is included, the modal columns for [16] do not

in general uncouple the matrix equation

M1{X} + [C]{X} + [K){X} = {O} .

Thus the primary objective for using normal cocrdinates is lost. This
difficulty can be overcame by introducing an equivalent matrix equation called
the reduced equation,

Employing the generalized velocities as auxiliary variables, equation [15]

was written in the equivalent form

[a){¥} + [BI{Y} = {F} , -

where

[c] [M]
[M] [0]

25
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(B]

| (k] [o]

(0] -[M]
{Ql}
{F} =
{0}
{x}
(vr=| _ |.
{xX}

Homogeneous Solution
The homogeneocus solution of [17] is determined by premultiplying by

-[A]tl. Then hamogeneous [17] becomes
-(Y} + [DI{Y} = 0 , [18]

vhere

(o] (1]

=]
[D] - [A] 7 [B] .
k) e

After substituting the assumed solutiomn {Y} = {u} ™ fnto [18], the result is

[D-AI]{v} =0 . (19]

Equation [19] possesses a non-trivial solution if and omly if

det[D-3I] = 0 . (20]
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This is recognized to be the characteristic equation of the matrix [D]}. The
2n(3k4) roots of [20] are the eigenvalues of the matrix [D]. In general, the
eigenvalues occur in complex conjugate pairs with corresponding conjugate

eigenvectors or medal columns,

Orthogonality of Modes
Since each of the 2n eigenvalues with corresponding eigenvectors
satisfies [19], the ith eigenvalue and associated eigenvector will alsoc

satisfy the equation resulting from premutiplying [19] by =[A],
li[A]{U}i + [B]{u}i = {0} . [21]

Since [A] and [B] are known to be symmetric, the jth eigenvalue and

corresponding eigenvector are a solution to the transpose of [21],

A {u}§{A] + {u}§[B] = (0} . [22]

J

Premultiplying [21] by {u}§ and postmultiplying [22] by {v},; give respectively

Alubylaltudy + {o}j[BlHudy = o, (23]
A {U}T[A]{u} + {U}T[B]{u} =0 [24]
ghisgtaltuly & Gl iBliuly, =&

Subtracting [2L4] from [23] yeilds

(=) (u}j (Al = 0 . [25)
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If the eigenvalues are distinct (liﬁlj), we obtain the orthogonality relation
{u}§[A}{u}i =0, [26]

Particular Solution
The particular solution of [17] can be determined by using the eigen-
vectors and the orthogonality condition. In order to solve [17], we expand

{Y} into a modal series of the form

2n
{Y} = j {U}izi(t) . [27]
i

After substituting [27] into [17], we obtain

2n . 2n
[A] ] {v};z,(t) + [B) | (v}yz4(t) = {F} . (28]
i i

Premultiplying [28) by {u}§ and recalling the orthogonality condition, it
is observed that the only term of the series that survives is for i = j; thus

equation [28] becomes

(UFj[A1 (0} 3,(6) + (u};[B] v} y2y(8) = (u}y(F) [29]

Referring back to equation [23], it is seen that by letting i = j,

T _ T
{u}j[B]{u}J = -AJ{u}J[A](u}J ;

After replacing this relation into [29], we obtain
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T e = T
{u}J[A]{u}J[zj(t)-AJzJ(t)] {U}j{F} . [30]

If we require that {U}?[A]{u} = 1, equation [30] is reduced to the simple

J

form

zj(t) - zJ(t) = rj. [31]

J
where
T
£ = {v}{F} .
J J
Assuming the initial conditions are zero, the solution of [31] can be

written in terms of the convolution integral

xJ(t-r)

t
z,(t) = [ £,(1)e ar .
J o 9

Recall that

[¥]

[ay]

{xX(t)}

. {z(t)} , [32]
{x(¢)}

{(Y(t)} = = [1]{z(t)} =

where [¥] is the upper n x 2n rectangular matrix of the square modal matrix

[T].

From [32] it 1s seen that the displacement vector is given by

{x(t)} = [¥]{z(t)} ,
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2n t li(t-r)
{x(t)} =] (v}, [ e £, (x)ar [33]
i 0
Rote that since
Tt
r (1) = R
1 {2y} {0}

the expression for f£;(t) in [33] may be replaced by {y} {Q(1)} to give

2n t A (tet)
(x(t)} = (v}, [ el {9}71q(t)}ar . (34]
i ibg i

If it is assumed that {Q(t)} is cosinusoidal (sinusoidal) and of the

form
8 Jw. t
{Q(t)} = Re z {C}ke k .
k
where

{C}k = n x 1 column vector of complex constants giving phase
information

wk = one of the S forcing frequencies

j =71

then [34] becomes
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on t s Jv.r x (t-1)
X(t) =] ), J {w}f[[ (cte Xlel dr
i 0 x K

2n s t t(=A,+jw )42t

s w i, e TTE Tay, [35]
i k 0

The solution of [35] may be readily determined by taking the general rth

factor of the sum for {Q} and integrating the definite integral

t (=2 4jw )42 .t
{c} f e i r i dr ,
X @

(=2 +jw J#r t | ©
= {C} 1 " i r i .
-A1+Jvr 0
Jwt At
={c} (e T-el) . [36]
T +jw
i r

From this result it is seen that the solution of [35] is

2n p 8 kat lit
{(x(t)} =Re | | (v}, (v} ) (ch le " e ") i [37]
i k -A1+ka

When only the steady state solution is desired, the second exponential
term of [37] is recognized to be the transient response for the assumed zero

initial conditions., Therefore, given sufficient time,the contribution of
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ALt
e’ in [37] may be ignored; thus the steady state response for sinusoidal

inputs is given by

2n T 8 jwkt
(x(t)} =Re | [ (v} (v} ] (C} _e . [38]
i k -Ai+jwk

Alternate Determination of Particular Solution

The particular solution for the equations of motion
10X} + [CI{X} + [KI{X} = {Q} , [39]

may be solved by the method of undetermined coefficients. When {Q} = {q,}cos B

+ {qzlsin B (where B is a linear function of time), assume that
{x} = {E} cos B + {F} sin B , [L0)

After substituting the respective time derivatives of [40] into [39] and

equating the sine and cosine terms, the following equations result:

o2 .
(-8 [M]{E} + B[C]{F} + [K]{E}) cos B = {q,} cos B ,

'2 .
(-8 [M]{F} - B[C]{E} + [K]{F}) sin B = {q,} sin B .

After cancelling cos B and sin B from the above equations, the equations may

be written in the equivalent partitioned matrix form as
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o2 .
-8 [M]+[k] |  s[c] {E} {q,}

- e e s o = G W SR e e e O - e -

]

: (k1]

-8[c] | -B [MI+[K] (F} (a,)

Since the tires on a given side experience the identical sinusoidal bump,
the vehicle response for & single input at the respective tires may be deter-

mined simultaneously by altering [U41l] to the form

1 -wz[M]+[K] | w(C] E, [ E, ] E,
-wl[c] | o M+ (K] F,lF, | P,
. ‘ S | [42)

where w is the common forcing frequency for & given side of the vehicle.
Assuming the equations of [42] represent forcing of the left side, the
solution of the 2n algebraic equations gives the response of the vehicle as
{x} = {El} cos wt + {Fl} sin wt + {Ez} cos (wt—Tl) +

{Fz} sin (mt-rl) + {E3} cos (mt-rz) + {F3} sin (wt—rz). [43]

Utilizing the trigonometric identities

sin (y-z) = sin y cos z - cos y sin z,

cos (y-z) = cos y cos z + sin y sin z,
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and defining

{r} = {E;} + {E,;} cos 1| = {F,} sin 1] + {E3} cos 1, = {F3} sin 1,,

{s}

{F;} + {E;} sin 1| + {F,} cos 1, + {E3} sin 1, + {F3} cos 1,,
it can be shown that [43] is equivalent to
{X} = {R} cos wt + {S} sin wt. [Lh]
Following the same procedure as given above, the response due to forcing
of the right side can be determined. Adding these results gives the total
response of the vehicle as

{X} ={(R} cos wt + {S} sinw t + {R} cos w t + {S} sinw t, (b5]
L £ 3 I3 T r r r

where the subscripts indicate the respective sides of the vehicle.



Chapter V

DIGITAL COMPUTER SOLUTIONS

Two major digital computer programs were developed to obtain the partic-
ular solutions for the semi-trailer truck. The source listings given in
appendix A and B are the programs corresponding to the reduced equation method
and the undetermined coefficients method discussed in chapter IV. The follow=
ing parsgraphs include a discussion of the output for the two programs along

with a brief description of the numerical methcds employed.

Reduced Equations Program

The vehicle parameters (springs, dampers, masses and characteristic
lengths) are read into the program under namelist format control and then
printed out as shown in figure 10. After the mass, damping and stiffness
matrix elements are computed in subroutine DEFINE, the undamped natural fre=-
quencies and demped eigenvalues are determined, using the method of Francis
(5), and printed out as given in figures 11 and 12,

Next the complex conjugate eigenvectors are determined by inverse itera-
tion, as explained by Wilkinson (20), and printed out as shown in figure 13
(note the eigenvectors are normalized as required in equation [31]).

Subroutine RIDE determines the sinusoidal response for the vehicle due to
the sinusoidal forcing functions at the six tires, which were calculated in
subroutine ROADIN. The sinusoidal road characteristics are explained on the
next page, along with the response vectors as displayed in figure 1k,

The final page of output, as indicated in figure 15, gives the maximum

amplitudes of all the independent coordinates for the given road input.

33
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THE N UNDAMPED CIRCULAR FREQUENCIES ARE

3.310115264267059D0 00
6.7264320123992620 QO
8.5160046482790790 00
1.000633374039780D 01
1.0894043010320810 01
1.46T8983368547670 01
2.028969153925486D 01
2.1134395554377660 01
3.,2176894694621080 01
3.,702877707342676D 01
3.780928679435809D 01
4,2580381661623450 01
4,485904373484252D 01
5.797693591177322D0 01
6.848518285529034D 01
6.942691803003756D 01
8.202576240139486D 01

THE ERROR IN THE EIGENVALUES IS COMPARABLE TO
1.0482861823122200~-11

Figure 11: Undamped natural frequencies,



THE N DAMPED,COMPLEX CONJUGATE EIGENVALUE PAIRS

REAL PART

~6.9773653672883580~
-6.9773653672883580~

-2.4332280244264250~
-2.433228024426425D~

-2.620388770238901D-
-2.6203887702389010D~

-8.6056152222993500~
-8.605615222299350D~

-9.9247878849819810~

03
03

02
02

0z
02

02
02

01

-9.9247878849819810-01

-1.865423224962665D-
-1.8654232249626650~

-1.0482292492139300
-1.0482292492139300

ol
0l

00
0o

-2.4752891460004970-01

—2.415289146000497D~

-2.1942993701019390D
-2.1942993701019390

-4.360803660253532D
-4,3608036602535320

-2.064598298907953D
-2.0645982989079530

-7.228919689638735D~
-T.2289196896387350~

-1.063615812073526D
-1.0636158120735260D

-1.T7694124516780080
-1.7694124516780080

ol

Q0
00

00
00

01
01l

01
01

Qo0
(+]1¢]

00
00

-2.6908219927628240 00

-2.690821992762824D

-2.6238911273365200
-2.6238911273365200

-4,0648459923170230D
-4.,064845992317023D

00

00
00

co
00

IMAGINARY PART

3.310119819904249D
-3.310119819904249D

be T266T8153693640D
-6.T266T78153693640D

B.516819042061824D
-B«516819042061824D

1.0012905943392688D
-1.001290943392688D

1.11077587T74764420D
-1.1107758774764420

1.4683191477639280D
-1.468319147763928D

2.0441772859850400
-2.0441772859850400D

2.1142286408377300D
-2.1142286408377300D

3.311275532378840D
-3.3112755323788400

3.5942189220008950
-3.5942189220008950D

3.6089728559998700D
-3.608972855999870D

3,7137372211780320
-3,T7137372211780320

4.485141758916870D
-4,4851417589168B70D

5.793561668086176D
-5.7935616680861760D

6.8409866223372740D
-6.B409866223372740

6.9368413365968510D
~6.936B41336596851D

8.191993220959171D
-8.1919932209591710

THE ERROR IN THE EIGENVALUES IS COMPARABLE TO

1.048286804625388D-13

Figure 12:

Damped eigenvalues.
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THE MAXIMUM AMPLITUDES ARE

THE RELATIVE PHASE ANGLE (S

0.0

X1 = 3.59D0-02
X2 = 1.170-02
X3 = 6.25D~02
X5 = 4.990~02
XT = 2.67D~-13
Il = 2.270-12
13 = 1.300-12
I5 = 6.950-12
THETAL = 4.240-13
THETAZ = 1.53D-13
THETA3 = 5.19D0-14

THETA4 = 9.60D0-14

THETAS = 5.640-12
PHI2Z = 3.770-03
PHI4 = 2.12D-03

XI2 = 4.27D-14

Xl4 = T.680-14

Figure 15: Maximum amplitudes for the coordinates.
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Undetermined Coefficients Program

Except for the absence of the eigenvalues and eigenvectors, the output
information and format for this program are identical to those of the previous
program. However the numerical algorithums used are vastly different. Al-
though the merits of the two programs will be discussed in the next chapter,
it is of interest here to compare the solutions determined by this method,
shown in figure 16, to those shown in figure 15, It is seen that the results

are in close agreement.



THE MAXINUN AMPLITLNES (FreT,,RATTANS) ARE

THE QRELATIVE PHASE ANCLe (RAL.) dETwE:sN SIDES IS

et

X1

iz

X3

x5

X1

Il

13

15
THE1AL
THETAZ
THETA3Z
ThETA4
THETAS

PhiZ

PHI4

Xz

Al4

3.390-.2
1.170~-C2
6.250-72
L.99D-0z

C.0

JuTT-23
2.120-.13

c.C

A
e

Figure 16: Maximum amplitudes for the coordinates using
the method of undetermined coefficients.
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Chapter VI
RECOMMENDATIONS AND CONCLUSIONS

Reccmmendations

The scope of this thesis was to model a linear, three-dimensional semi=-
trailer truck., This object is a necessary first step for a better under-
standing of the vehicle's vibrations, but does not represent an end in itself,
Many areas of analysis need to be initiated for & more complete understanding
of the vehicle's vibrational characteristies. Using this model, a number of
analyses could be effectively investigated. These are discussed in the
following paragraphs.

The steady state soclutions presented in this paper were used to verify
the correctness of the mathematical model, not for a steady state analysis,
However a comprehensive steady state analysis could be campleted using this
three-dimensional model. Bode plots similar to those presented by Potts (1)
could be obteined faor this three dimensional vehicle with few additions to the
current progrems,

The rolling motions experienced on asphalt highways due to phased sinus-
oidal wave forms could be investigated. The effect of different road frequen=
cies experienced by the left apd right sides of the vehicle could also be
studied with small modifications to the present progrems. Bode plots of the
above phenomenon, considered separately or cambined, would give & vivid display
of the vehicle's response.

The consequences of crosswinds on the vehicle's motion could be explored
by adding equivalent sinusoidal forcing functions to the existing programs.

Dugoff (2) examined the lateral stability of highway vehicles due toc aero-

Ly
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dynamic forces, but did not include vehicular vibrations. With the inclusion
of vehicular vibrations, a more comprehensive study would result,

For the particular solutions given in chapter V, it was assumed that the
road bumps force the vehicle in the vertical direction only. However it is
obvious that road bumps also force the tires of the vehicle in the longitudinal
and transverse directions. After an appropriate "bump" model is determined,
the forces on the vehicle's tires could be readily incorporated into this
three dimensional vehicle by adding equivalent forcing functioms.

The response of the vehicle to sudden irregularities in & road, such es
chuck holes, could be determined with a transient analysis,

Since road profiles represent a random phenomenon, a random vibrational
analysis might give the most practical information about the vehicle's motions.
Using the set of eigenvalues and eigenvectors determined in the reduced
equation program, Lancaster (19) indicates how the response of the system

forced randomly may be determined by the simple relation

2n T
{X} = E {W}i{Q}{W}i
i Jw-li

where {Q} is the power spectra for the generalized forces.

Conclusions

When deciding between the two programs, the number of frequencies inves-
tigated must be considered. The computing time regquired by the undetermined
coefficients program if far less for up to twenty separate sclutions. For
investigations which exceed thirty solutions, the reduced equation program

becomes superior,
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Before using the undetermined coefficients program, the great flexibility
of the reduced equation program should be considered. A given model is numer=-
ically characterized by its set of eigenvalues and eigenvectors determined in
the reduced equation program. After they are determined, the set could be
stored indefinitely and used repeatedly. Large numbers of particular solu-
tions could be rapidly obtained by matrix multiplications, as opposed to
solutions obtained by solving linear equations used in the undetermined
coefficients program. As indicated in the recommendations, the reduced
equation progrem can be used in transient and random vibrational analyses.

The three-dimensional model for the vibrations of a semi=trailer truck
presented in this thesis is the most comprehensive model known to this suthor
and will add to the understanding of the vibrations of semi-trailer trucks.
However before concrete conclusions can be drawn from its use, the accuracy

of the model must be determined by comparing it to "real" vehicles,
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Appendix A

EXPLANATION OF INPUT DATA FOR REDUCED EQUATION
PROGRAM WITH SOURCE LISTING

All input data were read into the program under namelist format control,
The values for the springs, dempers, masses, mass moments of inertia, and
characteristic lengths were given in namelist data groups SPRING, DAMPER,
MASSES, INERTA, and DIMEN respectively. The numerical suffixes of these
REAL¥L, fortran variables correspond to the subscripted parsmeters defined in
the nomenclature (e.g. K11 = kll)' In namelist data group ROAD, the spring
and demping constants for the vehicle tires were coded into REAL®8, fortran
variables by using roman numerals for subscripts (e.g. KVII = k_). The

7
remaining REAL®8, input variables are explained below.

AL = amplitude of left side sinusoidal road (feet)
AR = amplitude of right side sinusoidal road (feet)

ZWIDE

(COMPLEX*16) distance from axle center of mass to equivalent

tire attachment point (feet)

BT = the lag angle of the right sinuscidel rcad relative to the left
sinusoidal road (radians)

GHl1 = longitudinel distance fram tractor front axle toc tractor rear

axle (= g+h, feet)

GBER2

longitudinal distance from tractor front axle to trailer axle
(eg+b+e+r, feet)
SPEED = vehicle speed (feet/second)

FWL = left sinusoidal frequency (radians/second)

FWR = right sinusoidal frequency (radians/second)

b9



s Nalal

IMPLICIT REAL*8 (A-H,0-Y),COMPLEX *16(21)
COMPLEX*16& DCMPLX,COSQRT,DCONJG
COMMON/COMX/ZVEC(35,34)
COMMON/DYNAM/D(34,34) ,VALU1L34,2)
COMMON/MATMCK/AMI1T1T)sACILT,1T)AK(1T,17)
COMMON/ALYZ DLI(17,17),AFALLT,1T7)
COMMON/ZRIDE/ZRIDLILT)ZRIDR(1T)
COMMON/ZIROADZICLI(G) s ZCRLG)
COMMON/ORDER/NMOsNyNPOyNTMO NT 4y NTPO NNy NTNT
COMMON/INOUT/NREADsNWRITE ¢ NPUNCH
COMMON/RIPPLE/WAVEL s WAVER3FAST AMPL,AMPR,FALZE
CALL DEFINE
CO 2 I=1,N
CO 2 J=1:N

2 AMALJ,1)=AM{J,1)
CALL MINV{AM N,NN)}
CALL GMPRD{AM,AK,DLyN;N;NgNNyNN;NN)
00 1 I=1¢N
LLR=[+N
00 1 J=14N

1 DILLRJ)==DL(I,J)%1.D-2
CALL FRANCI(DL,yVALUsN,ANORMyN)
CALL ARANGE(VALU,NsNMO,NPO,1)
ERR=1,110223D-16*AN0ORM
WRITEINWRITE,T) ERR

CALL GMPRD({AM,AC,DLyNyNyNyNNy;NNyNN)
00 11 [=1.N
LRR=T¢N
0O 11 J=1,4N
LRC=J+N
11 DILRR,LRC)==DL{I,J)*1.,C=2
DO 22 [=1,N
IPNC=1#N
22 ClI,IPNC)=1.D-2

DETERMINE DAMPED EIGENVALUES AND EIGENVECTORS

CALL FRANCI(D,VALU,NT,ANORM,NT)
DO 300 I=1,NT
VALUILL,1)=VALU(I,1)*1.02

300 VALUIT,2)=VALUlI,2)*1.C2
CALL ARANGE{( VALU,NT,NTMO,NTPO,3)
ERR=1,110223D-16*%ANORM
WRITE(NWRITE:T) ERR
0O 43 J=1,NT,2
DO 33 1=1,NT

33 ZVEC(1+J)=(1.D0,1.D0) i
IVEC(35,J)=DCMPLX(VALULJ,1),VALU(J,2))

43 IVEC(35,J+1)=DCONJGI{ZVEC(35,J))
CALL VECITR
CALL BIORTH
WRITE(NWRITE,155)

155 FORMAT('1",35X, *THE DAMPED EIGENVALUES AND THEIR ASSOCIATED®
1,1Xs "EIGENVECTORS ARE')
DO 133 J=1,NT,2
WRITE(NWRITE,144) ZIVEC(NT+1,J),ZVECI{NT+]l,J+1)



144 FORMATI(®0',10X,1P2D25.15,10X,1P2025.15}
WRITE(NWRITE,146)
JPO=J+1
WRITE(NWRITE,1122) J,JPO
1122 FORMAT(°0",38X,12,58%X,12//)
DO 134 M=1,NT

134 WRITE(NWRITEs145) ZVEC({M,J)ZVEC(MyJ+1)

145 FORMAT(' *,10X,1P2025.15,10X,1P2025.15)

133 WRITE(NWRITE.L14T)

147 FORMAT(*L"Y)

146 FORMATI(//72/7/7)

7 FORMAT('=",42X,'THE ERROR IN THE EIGENVALUES IS5 COMPARABLE TQO°®
17" 354X, 1PD24.15)
NOREAD=1
CALL ROADIN{ZKWL,ZIWRsWL ,WR,NOREAD)
CALL RIDE(ZWRyZWL NToN)
WRITE(NWRITE,179])
179 FORMATI{®*1")
WRITE(NWRITE,210) FAST
WRITE(NWRITE:190)
WRITE(NWRITE,178) WL.KWR
WRITE(NWRITE,3000) AMPL,AMPR
3000 FORMAT(*-*,25X,*THE AMPLITUDE (FEET) OF THE LEFT AND RIGHT?®
191X, *SINUSOIDAL PATHS ARE RESPECTIVELY'"/'0',4TX:1P2D15.4%)

190 FORMAT{®*=*,10X,*THE SINUSOIDAL FORCING FREQUENCIES (RADIANS/SEC)?
11Xy *FOR THE LEFT AND FOR THE RIGHT SIDE WHEEL PATHS ARE?
231X, "RESPECTIVELY")

210 FORMAT(®* *,30X,'THE SPEED (FEET/SECOND)] OF THIS VEHICLE®
11X, *IS EQUAL TO®*4+1P1D12.4)

178 FORMAT(®*D",35X, "WL=*,1P1022.15,10X;"WR=*,1P1D22.15)

WRITE(NWRITE.4) WAVELsWAVER

4 FORMAT{ -",25X,"'"THE WAVELENGTH OF THE LEFT AND RIGHT SINUSOIDAL?®
131X, *DISPLACEMENT FUNCTIONS ARE RESPECTIVELY*/*0*',40X,1P2D25.10)
WRITE(NWRITE,LTT)

177 FORMAT(*D 25X, 'OUTPUT(I) = A(I)*COS{HL®*T) + B(I)*SIN{WL*T) + °*
131Xy "CUIV*COS(HWR%ET) ¢ C(I)*SIN(WR*T) "]

180 FORMAT(®"D®,1P4D30.15)

WRITE(NWRITE,181)
181 FORMAT( "= 9, 17Xy "A(L)"326Xs*'BlL)"426X,"C{L)",26X'D(1)")
DO 149 I=1,N
149 WRITE(NWRITE,180) ZRIDL(I),ZRIDRI(I)
DIFFER=DABS (WL-WR)
IFIDIFFER<LE-1.D-T7) CALL WEQULZ
sTOP
END



SUBROUTINE DEFINE
REAL*8 M,C,K
REAL #*4 M1, M2, M3, M4, MS,ME, M7, MB,M3
REAL #4 MIL,MI2,MI3 ,MI4,M[5,MI2,HI4 HH2,MH& ,P&T,P62,P2T,P84,PBY,
uP49
REAL *4& KLl,K2,K3 K4, K5, KE4KT KB, KFsK10,K114K12,K13,K14&,K15,KL&
REAL *4 K17,K18+,K19,K20,K21,K22,K23,K24%
COMHMON/ INCUT/NREAC ¢ NWRITE¢NPUNCH
COMMON/MATMCK/M(1T417),CILT,17),KL17417)
NAMELIST/MASSES/HM]14M2, M3 Ma M5, Mb,MT, M8, M9
NAMELIST/INERTA/MIL1 ¢MI2,MI3 HI4,MI5,HJ2,HI4,MH2,MH4,
1P6T.P&2,P2T,P84,PET,P4G
NAMELIST/DAMPER/CL+C2+C3,C44C54C6+CL7,C8,C9,C104C11,C125C13,C1%,CL5
1,C16,C17,C18,C19,C20,C2L,C22,C23,C2¢4
NAMELIST/SPRING/KL yK2 K3 K& K5 Kb KT KB, K9 K10,K11,KL12,K13,K144K15
LoK16 K17 4K184K19,K20,K21,K22,K23 K24
NAMEL IST/DIMEN/A B yCCyDyEgFoGaHoPos QR SoaTyUpVybyXY,y2Z
READINREAD,MASSES)
READINREAD, INERTA)
READ{NREAD,DAMPER)
READ(NREAD,SPRING)
READ(NREAD,DIMEN)
30 FORMAT('1',T43,°'FCR THIS SEMI-TRAILER TRUCK THE CHARACTERIZING'
17" *+T53,"PARAMETERS ARE AS FOLLOWS.'"///7/)
40 FORMAT(® ",TLl&,"DAMPERS",T40, *SPRINGS"+T50,'OIMENSIONAL LENGTHS®
1,787, "MASS MOMENTS OF INERTIA",T120,'MASSES"] :
60 FORMATI(' *,T12,"(KIP-SEC/FT )", Taly " (KIP/FT)',T6B,"(FT)*,T9L,
1o IKIP—SEC**2-FT1*,TUL15, " (KIP-SEC**2/FT)")
1 FORMATH'0" T1L,"Cl="4E13u6,T37,"KL="4EL3a6,T64,"A=",EL13.6,T90,
1'MIL1="3E13.6,T116,4*HL=",E13.6)
2 FORMATI('0",T11,%C2=",ELl3.6,T37,'K2="4E1l3.6,Tb4,'8=",E13.6,T90,
2'MI2="4EL13.6,4T11l6,"H2=",E13,561}
3 FORMAT('O'yTLL,y"C3=",E13.6,T37,°K3="E13.6,4T63,°'CC=",E13.6,T90,
I'MII="4EL13.64Tl1l6,"M3=",E13.6])
& FORMATI'0®,T1L,°C4=",E1340,T737,"Ké=*,E13.b+Tb4,'D="4EL13.6,T90,
LHYMI4="4EL13.6,T116,"M4="1,E13.6)
S FORMAT('0",T1Ll,°C5=",ELl3.64T37,'K5=",E13.6,T644"E=",E13.6,T90,
STMIS=" yEL3eb,T116,"H5=",E13.6)
& FORMATIMO , ThL, " CE="3E13.6,4T37, "Kb="ELD.b,Tb4,"F=",£13.6,T90,
6'HJ2="yE13.6,T1164"ME6=",EL13.61)
T FORMATL'0Y,TLlL,"C7=",E13.6,T37, 'KT="3E13.6,T64,4'C="4E13.6,T790,
TOIMI4="4E13a6,TL16,"MT=",EL13.61)
8 FORMAT('Q"yT1Ll,"CE="yEL13.6,T37,"'KB="4ELl3.6,T64,"H=",E13.6,T790,
B*MH2=",ELl3.6,TLl1l6,"MB=",E13.6)
9 FORMAT{'G® T11,"'CS=",F13.6,T37,"'KI9=",EL3.6,Tb64,"P=",E13.6,T90,
9'HHL="yE13.6,TL16,"H9="+EL3.6)
10 FORMAT('0",T10,°Cl0=",EL13.6,T36,"K10=",EL3eb6,T64,"Q=",EL13.6,T90,
2'P67=",EL3.61}
11 FORMATI'O'yT104'Cl1="4E13.6,T36,'KL1="E13.6,T644"R="4ELl3.64+T90¢
2'P62="4EL3.6)
12 FORMATL'C"yT10,°C12="3El3a6,T36,"'K12=",EL13.6,T64,"'5=",E13.6,790,
2'P27="4E13.06)
13 FORMAT('0*, T10,"'C13=",E13.,6,T36,°*KLl3="4E13.64Tb4&,*'T=",EL3.6,T90,
2'PB4="4EL3.6)
14 FORMATI('0",T10,"'Clé=",EL3.6,T36,"'K1l6=",E13.6,T64,"U=",E1346,T790,
2'PBY=",EL13.61
15 FORMATIE'0 ', T10,"Cl5="yEL3abeT 36, "KIS53 P EL3.6,Thb, "V=",E13.6,T90,
2°P49=" 4E13.8)
L& FORMAT ('O TLO,*C16=" yEL1.6,T36,'K16=",EL3.6,T64, "HW=",E13.6)
17 FORMAT(*0*yT10,*CLlT7="4ELl3.6,T36, 'K1l7=",EL13.6,T64,"'X=",E13.61
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18 FORMAT(*0",T10,"C18=",ELl3,6,T36,"'K18=",E13.6,Tb&,"Y=",EL1l3,08)
19 FORMAT (0%, T10,%C19=" yEL13.6,T364'KL19=4 E13.6,T64,%2=",E13.6)
20 FORMAT('0',T10,°CZz0=",E13.6,T36,'K20="1,E13.6)
21 FORMAT('0"4T10,°C2L="4E13.6,T36,'K21=",E13.85)
22 FORMAT{'0",T10,'CZ22="yEL3.6,T36,'K22=",E13.6)
23 FORMAT('0*,T10,"Cz3=",ELl3.6,T36,'K23=2",E113,5)
2% FORMAT('O*,T10,"C24="yE13.5,T36,"'K25=",E13.01
WRITE(NWRITE, 30)
WRITE(NWRITE, 40)
WRITE(NWRITE,60)
WRITE(NWRITE, L} Cl ,K1 44 (MILl,ML
WRITEINWRITE, 2) C2 +h2 o8 ,MI2,M2
WRITE(NWARITE, 3) C3 ,K3 ,CC,MI3,M3
WRITEINWRITE, &) C& K& D ,414,Ps
WRITEINWRITE, S5) C5 +KS & 4MI54F5
WRITEINARITE, &) C6 K& F ,4J2,F5
WRITE(NRRITE, T) C7 oKT7 oG oMNJ&4 M7
WRITE(NWRITE, B) CB ,K3 ,H ,MH2,rK8
WRITEINWRITE, 9) €3 K9 P ,MH4,H9
WRITE(NWRITE,LO) ClO,K10,Q,P67
WRITE{NWRITE,11) CLl1,K11,R,P62
WRITE(NWRITE,L12) Cl2,K12,5,P27
WRITEINWRITE,13) Cl3,K13,T,P84
WRITE(NWRITE,14) Cl4,Kl4&,U,P89
WRITE(NWRITE,LS5) CLl5+K15,V,P&S
WRITE(NWRITE,L6) Cl5.K1b,H
WRITE(NWRITE,L17) C17,KL17,X
WRITE(NWRITE,18) Cl8.K18,Y
WRITE(NWRITEL19) Cl9,%19,2
WRITE(NWRITE,20) C20,F20
WRITE(NWRITE,21) C21,%21
WRITEINARITE,22) C22,K22
WRITE(NWRITE,23) C23,K23
WRITE(NNRITE 241 C24,K24
C
CR MMM M MBI 0 A DA A M 0 4 A M4 M M
[
MR=ME*MB/ (ME+MB)
SPA=S#, 544
SHA=S5#,.5-4
EPR=E4R
TT=T#.5
FMQ=F-C
Mll,L1=M1
HM(2,2)=H2+H4
M(2,10)=-H4%a
M(2,12)=H4%D
M(2,14)=-Msep
M(2,15)=-M4sE
M(3,3)=H3
M4, 4)=M5
M(5,51=HT+HT
M(5,10)=Hasp
M(5,12)1==-K3%Q
H(5,16)=M5e8
KI5, 1T)=HI*E
Mlb,61=H1
MIT,T)=M3
MIB,8]=M5
H(9,9)2K]1
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C

MU10,10)=HA®A®A+HGSPSP+N]2
MI10,12)=-AS[eM4-FoQeNT
HILD,14)= Ha®ASpB—PLHT
M{l0,15)= MP4SASE
M{lO,16)1=H98Psg=-Pg2
MU10, 1T )=HGePeE
M{ll.00)=HI3
HM(12,12)=Ma*DsD+MGEQeQ+ K[ 4
Ml12,14)=-M4eDeB
M(12,15)=-M4*D*E-FBI
M(12,16)=-M3¢Qep
M{12,17)=-M9s(*E-FRB4
MI{13,13)=MI5

Hll&, L4 ) =Ma*R#E+MR¥PEP ¢M 2
M{14,15)=M4sBeE-MR¥PeQ
M{lba,16)=-PrasMR=-P27
M{l4,17)=HRsPs*[
Mi15,15)=MasESE+MROCHQeNI4
Ml15,16)= PRe®QsA
M{15,17)=-HR$Q$C-P4&9

MUl , 16 ) =HREASAIMGELER 4 KD
MUl6,1T)=—A*CsMR+ESE O]
M{LlTy17)=HR®D®D+MSEESE+MR4

Cll,1)=C1¢C2+CT+CE
Cll,2)=-Cl-C2

Cil,9)= wWe(CB-CT)eus(C2-Cl)
Cil,10)= SPA*CLl-SMAC2
Cll,14)=-G*(Cl+C21
Cl2,21=CLl+C2+C3+C4+C5+C8
Ct2,31=-C3-C4

Cl2,4)=-C5-Ct

Cl2,9)=uUu*(Cl-C2)
Cl2,10)=-SPA®(CL+C31+SMAS(C2+4C4)-A®(C5+CH)
Cl2,11)1=U*(C3-C4h)
Cl2,12)1=TT*(C6-C5)
Cl2,13)=U*(C5-C&)
Cl2:14}=C1l*GC+C2%G-CI*H-C4*H-C5%B-C6*B
Cl2415)=—EPR®{(S5+(6])
Cl3,3)=C3+C4+CI+Cl0O
Cl(3,10)=SPA*C3-SHA*C4
Cl3,11)=w*(CLlO-CT)+U*(C&-C3)
Cl3,14)=C3*n+CaeH
Cla,4)=C5+4CH+C11+C12
Cl4,101=A%[C5¢CE)
Cl4,12)=TT*((S5-C5)
Cla,13)=w*(C12-Cll)*U*(CE~C5])
Clé,14)=C5*B+Cé=8
Cla,15)=EPR*((C5+C¢)
C(5,5)=015+C164C1S+C20+C234C28
ClS.8)=-C15-C1l&
ClS,T)==Cl9-C20Q
Ci5,8)=-C23-C24
Ci5,9)=v*(C15+C1l6)
Cl5,10)=CC2(C15«C16+C19¢C20)+C23%P+(245P
Ci5,11)=v*(C19¢C2C)
Cl5,12)=(C23+L24}oFMQ

CU5, 13} =y*(C23¢C24)
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C

C(5,16)=-C15%G-Cle*G+CL19*H+C20*H+C23%B+C 248
Ci541T7)=(C23+L24]%EPR

Clé,6)=CLl3+C14+CLE+C10

Cloe9)=Y®(CL3¢Cla)=-V*(C15+¢C1H)

Cl6,10)=-C15#CC-Clb6%CC

Cl6:s16)=CL5*GC+C16%G

C(7,71=C17+C18¢C1S5+C20

Ci7,10)1==-C19*CC-C20*CC

C(T,11)=Y*{C1T+ClE)-Ve(CLlI+C20)

ClT741&)=-C19%H-C2C*H

C(ByB)=(214C22+C23+C24

C(B,10)=-C23#P-C24%P

CiBy12)=-FMQ*(C23+C2%)

ClBy,13)=Y*(C21+C22)-¥V*(C23¢C24)

ClB8,16)=-B#((23+(24)

ClB,1T7)==-(C23+C24)%EPR

CUI,9)=Wew? (CT+CAI+YeY*S(CLI+CLAI4+UUFICL+C2)+VEVE(CLIS+CLE)
Cl9,10)=-Us{SPASCL+SMASC2)+V*LL*(CL15+Clb)
Cl9y14)=UsCs(Cl-C2)

Cl9y16)=-VeGe(C15+C18&)
Cl10,10)=SPASSPAS(CL1+C3)+SHASSHMA®(C2+C4)+CC*CC*®(C15+C16+C19+C20)+
LASA®(C5+Co)+P*Pe((23+C24)

CULD LLh==U*(SPA*CI+SHMASCL)+CLoV*(L19+4£20)
CU1D,12)=A®TT*(CS-C6)+PesFMQ*[C234C24)
Cll0,13)=Aa8U*((C6-C5)1+P% YS((C23+4C24]
Cl10,14)=-G#(SPA*CL-SHA®C2)+H*(SPA*(I-SMASCGL)+A*B*((5+(8)
C{1D0415)=A® EPR #(C5+Ch)
Cl1D,16)=-CC*G*ILI5+C16)+CC*H*(CLII+C20)+P*B*(C23+024)
Cl10,171=P#EPR #(L23+(24)

Clll,ll)=wWewe [CG+CL1OI+YoYS(CLlT+C1B)+U*US(CI+C4)+VOYsI(L15+C20)
Clll,14)=uUsH*((&~-C3)

Clll,l6)=veH*(CLl9+C20}
Cl12+12)=TT*TT*ICS+CE)+FMCOeFMQe (L2340 24)
Cl12,13)=-TToUs(CS¢CoI+FHU*VS(L234C264)
Cl12,14}=TT#8%(C5~C6]

Cl12,15)=TT#EPR®*((5-C&)

Cll2,16)=BsFMQe(Cz3+¢L24)

ClLl2+171=EPR*FHC*(C23+C24)

CO13,4 13 ) =wWeW* (CLI+C12) o YoY®R{C2LeC221¢UsUs(CS5+CEH)+VIVE[C234024)
Ctl3,14)=u*B*(Ce-C5)

C{l3,15)=U*EPR*(CE~-CS)

Cll3,16)=veBs(C23+024)

CU13,17)=VeEPR®IC23¢L24)
Cll4,141=CoG*(CL+C2)+H*HO(CI+C4)+BeB*(L5+C6)
Cll4,15)1=B*EPR*{(C5+Cs}

Cl15415)1=(CS+C6I*EPR*EPR
Cll6,16)=GeC*(C154CLE)+HOH®(C19+C20)1+8*B8(C23+C24)
Cllbs17)1=BoEPR®(CZ30024)

CU17,17h=(C23+C24)%EPRYEPR

CEKKEKKEKKKKEKK KKKEKKKEKKKKKKKKKRKKKKKKKKKKKKKKKKKKKKKKKKKEKKKKKEKKKKKKKKKKERKKKKKKKK

C

Kllyl)1=K1+K2+4KT+KE
Kily21=2-K]1-K2

KLy 9)=we [KB-KT)+L*(K2-K]}
K(1ly10)=SPA®K]|-SHA®K?
Kll,l4)=-C*(KLle¢K2)

KI2432) 2Kl +K24KI+KA+KS ¢KE
Kl2y3)l=—K3-K4
K(2y4)=~-K5-Kb
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K(2,9)1=U*KL-K2)
K(2,10)==SPA*(KL4K3 ] +SHA®[K2+K&4]-A*([KS+KE)
K(2, 11 )=U*(K3-K&)

K(2,12)=TT#(Kb6-K5)

K(2:13)=U®(K5-K&)
K(2¢14)=K]1*G+K2#G-K3®H-K4*H-K5%B-K645
KI{Z2,15)=—EPA®{KS+KS&)

K{3,3)=K3+K4+KI+K]1O

K({3,10)=5PA*K I-SMARK4

K(3,11 ) =wWs(KIO-K9)I+U*(KG-K3)
K(3,146)=KI®HsK&®H

Kl4,4)=K5+Kb6+K1L+KL2

K{4; 10)=A%(K54K5)

K(4,12)=TT#(KS5-K&)
Klb,13)=w*(K12-K11)+U®(K&E-KS)
Kl4,l4)=K5*B+Kb®D

Kl4,15)=EPR®(K5+KE)
KlS5:5)=K15+K16+K1G+K20¢K234K24
K(5,6)==-K15-K1¢6

K(S,7)=-K15-K20

K(5,8)=-K23-K24

K(5,9)=vs(K15+K16]
KiS5,10)=CC*(KIS5+K]1E+KLF+K20}+KZ2I%P+K248P
K(S,11)=v*(K1G+K2C)

Ki5,12)1=(K23+K24)%FKQ

K{Syl3)=Ve(K23I+K24)

KISy lb)=-K1S9*G-K1E8G+K1IOH¢K20%H+K2ISB+K 249D
K(541T)={(K23+K2&)*EPR

Kibyb)=KLl34K]l4+KL1S¢K1&

K6y 9)=Y*®(K13ekK1&)I-VEIK]I5+K]16)
K{6,10)==K15%CC-K16%CC

K{by,16)=K15%GC+K 167G

K{T.7T)=kLlT+K1B+K]165+K20
K(T7,10)=-K19%CC-K2OsLC
K(T,l1)=Y®(KL1T+K1E)-V*(KLF+KZ0)
Ki{Ty16)==K19%H-K2(C%H

K(ByB)=K2l¢K22+K234K24

K(By10)==K2318P-K24%P

K{By12)=-(K23+K24])2FMQ
KiB,13)=Y®({K21+K22)-V*#(K23¢K24)
K(Bylbl=-Be(K23+K24]

K{BylT7)==(K23+¢K24]%EPR

KI9,9)=WepW® [KT+rKBI¢YEYSIK]II+R 14 ¢UsUS[KL4KZ2)¢VEYS(K]IS5+K16)
K(9,10)=-U*(SPASK]|+SHA®KZ | +VSCC*(K15+K16])
Ki9,la)=UsCe{Ki-Kz]

Ki9,lb)=-VeCe(K]1S5+K 1)
K{1D,10)=SPASSPA® (K[ +K3)+SMASSMAS (K2+K&)+CC*CLF(KIS+KL164K19+K2D]
14A*A® (KS5¢KE) +PSP (K 234K 24)
KI10,11l)==-US(SPA*RI+SMARK, ) +CCoVe(KLT+K20)
K({10,12)=A%TTo(KS-K&) +PaFHMOO(K234K24)
K({1D413)=A®U* (K6H-KS)+PPVR(K2I+K24]
K(10s14)=-GC*(SPASK]-SMASXZT4HE[SPASKI-SMAPKL) +A3H & (K5¢KE)
K(10415)= A®EPH®(KS+KE]
KI10,16)=-CCeGC*(K15+K1t ! +CCOH®(K1I+K20)+P*B®(K23+K24)
KI1D417)=P*EPH *(K23+K24)

K{LLylLl)=wWeWwes (KO4+K1O) ¢ YRY®|KITeK]1B)¢UsUS(KIeKSL)eVeVE(K]19+4K20)
K{ll,l4)=UsH*(Ka-K3) '
K(ll,16)=VeHe(k]194K20)
Ki12,12)=TT#TTe{KS+¢KE)¢FHQOFMUS(K23+K24)
K(12,13)=-TT#US(KS¢KE)+FPFQ*VE(K2I0K24)
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B0
10

KlL2,14)=TT*oe(K5-K&)
K(12,15)=TT® PR®(K5-K&)
K(12,16)1=8¢FH] ®(K23+K24)
K(12,17)=EPR®FMQ*(X234x24)

K(13,13)=WehWa{KlL+K12Z)+YOYE (K2 eK22)oURUS[KS+KEI¢YEVE(K234+K24 )

K(13,14)=U*(s(K6-K5)
K(13,15)=U%EPR ®(KE-KD)
K{l13,16)=VeE*(K23+K24&)
K(13,1T7)=voEPR*(K23+K24)
K16, 14)=Co0t (KI+RZ)eHOH®(KI4K4 ) +B*0® [K5¢KS)
K(la,15)=B% EPR® (KS+K5)
K15 4150 =(KS+K&) *EPR¥EPR
K16, 16)=GC*C*K1S+K16)eH®HR({K]19¢K20]+B*B*{K23+K24)
K{l6,1TI=H®EPR #(K234K24)
KE17,1T)=(K23+K24|*EPR*EFR
0O 70 I=1,16
N=1+1
00 BO J=N,17
HiJ, T)=HIlL,J]
Cld,1)=Ct1.J}
KlJy [)=k1T,J)
CONT [NLE
RETURN
END

7
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HINY
ssssesedssssssesseassnestsuarenereaassecasasanannsanonsaacsscsnsneMINY
HINY
SUBRUUTINE MINY MINY
HINY
PURPOSE MINV
[NVERT A MATRIX KINY
MINY
USAGE HINY
CALL HINVUIAGN, DL ¥} MINV
HINY
DESCRIPTIUN OF PARAMETERS MINY
A = [NPUT MaTRIX, CESTROYED IN COMPUTATION AND REPLACED BY MINY
RESULTANT INVERSE. HINY
N - CRDER OF MATRIX A MINY
D - RESULTART OETERMINANT MINY
L - WORK VECTOR OF LENGTH N HINY
M - wWORK VECTOR OF LENGTYH N HINY
MINY
REMARKS MINY
MATRIX A MUST BE A GENERAL MATRIX MINY
MINV
SUBROUTINES ANC FUNCTION SUBPROGRAMS REQUIRED MINY
NONE HINV
MINY
METHOD MINV
THE STANDARLC GAUSS~JORDAN METHOD IS USEC. THE DETERMINANT MINV
IS ALSU CALCULATED., A DETERHMINANT OF ZERO INDICATES THAT MINV
THE MATRIX IS SINGULAR. HINV
HINY
eaessecettaseacaaset ottt ssessacnanatbsasassatsnasenasssscaaanssMINY
HINY
SUBROUTINE MINVIALNNN]
REAL *8 A,0,81GA,+0LO,B485
DINENSTIUN AINN)LINIMLUN
DIHENSIUN LI36),M(34]
DIMENSIUN AINNI
MINY
Semsseassssssescssssririacasnsncssastisanseasnessacsnscnsacsonanss MINV
MINY
IF A UUUBLE PRECISION VERSION OF THIS RUUTINE 15 DESIRED, THE HMINVY
C IN COLUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION HINY
STATEMENT WHICH FOLLUWS. Hiny
MINV
DOUBLE PRECISION 4,D,81GA,HOLD HINY
HINY
THE € HUST ALSC BE REMOVED FROM DOLBLE PRECISION STATEMENTS MINV
APPEARING IN UTHER RCUTINES USED [N CONJUNCTION HITH THIS MINY
ROUTINE. Mty
MINV
THE DUUBLE PRECISION VERSION GF THIS SUBRUUTINE MUST ALSD MINV
CONTAIN DUUBLE PRECISICN FORTRAN FLNCTINNS. ABS IN STATEMENT  HINV
10 MUST BE CHANGED TD DABS. MINV
HINV
4sessavsssssssasesesssssensnssnssengsssaannnencananensnsnnsses I[NV
HINV
SERARCH FOR LARCEST ELEHENT HINV
MINY
D=1.0 HINY

NE=-N HINV

10

20

30

40

50

&0

70

8o

90
100
110
120
130
140
150
160
170
160
190
200
210
220
230
240
250
260
270
280
290
300
3lo0
320

350
360
37180
380
150
400
410
470
430
440
453
480
470
489
490
506
516
520
530
540
550
560
570
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sl

[aNalalal

[aNalnl

10
15

20

25

30

35

38

40

45
46

48
50

55

DO 89 K=1.N
NEK=NK N
LIK)=K
HIKf=K
KK=NK+K
BIGA=A(KK)
0O 20 J=K.N
[Z=N®(J-1]
DO 20 1=K.N
I1J=11+1
IFIDABS(BIGAI-OABS(A(TJINI) 15,20,20
BIGA=A(1J]
LiKY=1
MiK)=J
CONTINUE

INTERCHANGE ROWS

J=L{K)

IF13-K) 35,35,25
KI=K=-N

DO 30 I=1sN
K1=K[+N
HOLD=—-ALK])
Jl=KI1-K+J
AIKI)=A0J1)
AlJI) =HOLD

INTERCHANGE COULUMNS

I=M(K)

TF(I-K) 45,45,38
JP=N®(]-1]

00 40 J=1.N
JK=NK+J

JI=JP el
HOLOD=-A(JK)
AlJk)=a(Jd])
ALJI) =HCLD

DIVIDE COLUMN EY MINUS PIVOT (YALUE OF PIVDOT ELEHENT 15
CONTALINED IN BIGA)

IF(BIGA) 48,46,48
D=0.0

RETURN

L0 55 [=1.N

JFtI-K1 50,55,50
IK=NK+ ]

AUl Y=ALIK)/(-BIGA)
CONT INUE

REDUCE MATRIX

0D &5 1=1,N
[¥=NK+1
HULD=ALIK)
1J=1-N

U0 65 J=1,M
TJ=TJ¢N

MINY
MINY
MINV
HINY
MINV
MINV
MINY
MINY
MINV
MINV

MINV
MINY
MINV
HINV
MINV
MINV
MINY
MINY
MINV
HINV
MINY
HMINY
MINV
MINV
MINY
MINV
MINV
MINY
MINY
MINV
MINY
MINY
HINY
MINY
MINY
MINV
MINY
MINY
MINV
MINY
HINV

580
590
600
&6l0
620
630
640
650
660
6170

690
100
710
720
T30
T40
750
1560
770
T80
150
- 1elv]
a10
820
830
840
850
860
810
BEO
890
300
G
920
330
940
950
960
70
980
990

MINVICOO
HINVIOLO
HINV1020
MINV1030
MINVLD40
MINVIOSO
MINVLIO0ED
MINVLOTO
HINVLOBO
MINV1O090
HINV1102
HINVILLO
MINV1120
MINVEL 3D
MINVLLAO
MINVLL S0
MINV1160
HMINVILTO
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[aEaXal

[aNalal [aNalal

[aNaNal

60
62

65

70
75

ap

100
105

1ce

110
120

125

130

150

IF{I=K) 60,65,40
IFIJ=-K) 62,65,b62
Kd=[J=1¢K

A(1J) )=ROLD*AIXI)I¢A(1J]
CONT INUE

DIVIDE ROw BY PIVOT
KJ=K-N
DO 75 J=1.N
KJ=KJ+N
IFLJ-K}) T0,75,70
ALKJ)=A(KJ)/UIGA
CONT INUE
PRODUCT OF PIVCTS
D=D*BIGa
REPLACE PIVOT EY RECIPROCAL

A(KK)=1.CG/BIGA

CONT INUE

FINAL ROW AND COLUMN INTERCHANGE
K=N
K=[(K-1}
IF(K) 150+150,105
[=L({K)
IF(1-K) 120,120,1CB
JC=N®(K-1)
JR=NE(]-1}
DO 110 J=L.N
JK=1Q+J
HOLD=A(JK}
JI=JR+J

ALK ) ==A1J1)
ALJ1} =HOLD

J=HIK)

[F{J-K) 100,100,1Z5
KI=0-N

DO 130 I=1,N
Kl=k[+N

HOLD=ACK L)

J1=K 1=Kl
AKL)=-41J1)

ALJI) =HOLD

60 TD 1u0

RETURN

END

MINVI1BO
MINV1190
MINVIZ00
MINVLZ10
MINV1220
MINV1Z230
MINY1240
MINV1ZS50
MINV12&0
MINV1270
MINV1ZE80
MINV1Z290
MINV1300
MINVI31O0
MINV1320
MINV1330
MINV13a0
MINVL35Q
MINV1II&EO
MINVI3T0
MINV]13BO
MINVL390
HINV1400
HINVL410
MINV1420
HINV1&30D
MINV1I&4D
MINVLI450
HMINV1&&60
MINVLSTO
MINV]1&80
MINV]1490
MINVLSOO
MINV1IS1O
MINVL1520
MINV1IS30
MINY1543G
MINVISSO
MINV156G
MINVLISTO
MINVLI580
MINV1S590
MINV1&GD
MINVI&LO
MINV1&20
MINV1&630
MINV1GE&D
MINVILSO
MINV1&60
MINVI&TO

60
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SUBROUTINE GMPRO

PURPUOSE
MULTIPLY THC GENERAL MATRICES TO FORM A RESULTANT GENERAL
MATRIX

USAGE
CALL GMPRO[A4B R yNyHL}

DESCRIPTION OF PARAMETERS
A - NAME OF FIRST [NPUT MATRIX

B - NAME OF SECOND INPUT MATRIX
R — NAME OF OUTPUT MATRIX
N = NUMBER CF ROWS [N A
M - NUHBER CFf COLUMNS IN A AND ROWS IN B
L - NUMBER CF COLUMNS IN B
REMARKS

ALL MATRICES MUST BE STOREC AS GENERAL MATRICES
MATRIX R CABNGOT BE IN THE SAME LOCATIUN AS MATRIX A
MATRIX R CAANOY BE IN THE SAME LOCATION &S MATRIX B

GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GHPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GHPR
GMPR
GMPR

NUMBER OF CCLUMNS OF MATRIX A MUST 8E EQUAL TO NUMBER OF RDWGMPR

OF MATRIX B

SUBROUTINES ANL FUNCTION SUBPROGRAMS REQUIRED
NONE

METHCOD

GMPR
GMPR
GMPR
GMPR
GMPR
GMPR

THE M BY L MATRIX B [S PREMULTIPLIED BY THE N BY M MATRIX A GMPR

AND THEL RESLLT [S STGRED IN THE N BY L MATRIX R.

GMPR
GMPR

S 4 S Ne s s se e e aa eI ERE St ENENaBNNBeRsEssedtannsasbbaseannnnassMPR

SUBROUTINE GMPRD(A4ByRyNyM,LyhHy ML HL)
REAL #8 A,H,H
DIMENSTON A(NM) ,BIML) RINL)

1R=D

IK==-M

NO 10 K=1,L
IK=[K+M

00 10 J=1.N
IR=[R+1
JI=J-N
IB=IK
R{IR}=0

0O 10 I=1:M
JI=JeN
IB=16+1
RLIR)=RIIR)I+ALJIL)*AL(IE)
RETURN

END

GMPR

GMPR
GMPR
GMPR
GMPR
GMPER
GMPR
GMPR
GMPR
GHPR
GHPR
GHPR
GHPR
GMPR
GHMPR
GMPR
GMPR

10

20

30

40

50

1%}

72

BO

S50
169
110
129
133
140
150
160
170
180
190
200
210
220
230
240
250
260
270
2BQ
299
300
310
320
332
340
350
3&0

3490
400
4149
420
430
443
w50
460
472
4BO
490
SG0
510
520
532
540

61
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110

SUBROUTINE FRANCI (A,VALU,NSUB,ANDRM,NMAX]

EIGENVALUES OF REZL MATRICES

REMOVE DR MODIFY NEXT FOUR STATEMENTS IM SINGLE PRECISION VERSIODN

IMPLICIT REAL*8 (A-H,0-1)

REAL#4 DEL

COMMON fQR/ I[TER(ZOO}y DUMMY[LOO)
DATA EPS/133B0000CC000Q0000/
DIMENSION ACNMAX,ARSUB), VALUINMAX,2)

N=NSUB

REDUCE MATRIX TO LPPER HESSENBERG FORM
CALL SUBDIA{A.N,NFAX)

COMPUTE HMATRIX NORM

L=1

ANORM2=0.0

DO 40 I=14N

I1=1-1+1/1

D0 40 J=11.N
ANOAMI=ANDRMZ AT, J) 882

CONT INUE

CHANGE FUNCTION NSME IN NEXT STATEMENT
ANORM2=DSQRT (ANORK2Z)

IF (L.EQe2} GO TO 193

L=2

ANORM= ANORMZ

DEL=ANDRMZ*EPS

IN SINGLE PRECISION

BEGINNING OF LOOP FOR ITERATIVE DETERMINATION OF EIGENVALUES
(ARRAY ITER HAS EFFECTIVELY BEEN CLEARED TO ZERO BY SUBDIA)

K=NSUB+1-N
FIND ROOTS OF LOWER 2X2 MINOR

IFIN.EQ.C) GO TO 250

ANN=A[NyN)

IF (N-1) 250, 220, 70

CHANGE DABS TO ABS FOR SINGLE PRECISION

IF IDABS{AIN,N-1)),LE.DEL) GO TO 220
DIF=[A(N-LyN-1)-4NN)£0.5
DISCLSQ=DIF#*#2+A[N-1,NI*A(N,N-1}

IF (DISCSQ.LE.0.0) GO TO 100

CHANGE FUNCTION NAHMES [N NEXT STATEMENT
DISC=CSIGNIDSQRTICIASCSC),0IF)

E=D1SC+DIF+ANN

G=E-NDISC-DISC

F=0.2

GO TO LI0

E=D1F+ANN

G=E

CHANGE FUNCTION MAME IN NEXT STATEMENT
F=DSURT{-DISCSQ)

IF {N.EQ.2) GO 7O 230

IN SINGLE PRECISION

[N SINGLE PRECISION

CC ADDED
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190

200

220

230

250

CHANGE DABS TO &BS FOR SINGLE PRECISION
IF (DABS{A(N-1,Nh-2))1.LE.CELI GO TO 230

CHOOSE SHIFT TOWARD ACCELERATING CONVERGENCE

SI1G=E+G
RHO=E*G+F**2
GO TO 200

SHIFT UNSUCCESSFUL—- CHOOSE DIFFERENTLY TO BREAK UP CLUSTERS
516=0.125% ANDRM2

PERFORM QR ITERATION

CALL QRZ{A+N,OELSIG,RHO+HMAX])

ITERIK)I=ITER(K}+]
IF ( MOD (ITERI(K!,50).NE.O) GO TO &0
GO 1O 10

SINGLE EIGENVALUE CONVERGED

VALU(K,11=ANN
VALU(K,21=0.0
N=N-1

GO 1O 50

PAIR OF EIGENVALUES CONVERGED

VALUIK,1)=E
VALU(K,2)=F
VALU(K#+1,1)=G
VALULK+],2)=—F
N=N-2

GO TO 50

RETURN
END

63



SUEBRDUTINE SUBOIALA,MsNMAX])

HOUSEHOLDER REDUCTION OF REAL MATRIX TO UPPER HESSENBERG FORM

[nEnNuial

t#+% REMOVE OR MODIFY NEXT STATEMENT 1M SINGLE PRECISION VERSION
IMPLICIT RCAL*B (A-H,0-Z}
DIMENSION AINMAX,N], WVEC(100), PVEC(100), QVECL1GO}
LOMMON SQR/ WYEC, PVEC
EQUIVALENCE (PYEC,QVEC)

D0 200 I=1.N

REDUCE COLUMN QF MATRIX

[mN ANl

WVEC(11=0.0

[l=[¢l

[2=11+1

1F [12.GT.N) GO TC 200

SUM=0.0

00 70 J=12.N
TO SUM=SUM+alJ,] %2

IF (SUM.EQ.0.0) GC TO 200
15 J=I1

TEMP=A1J,1)

Cexxe [HANGE FUNCTION NAMES In NEXT FOUR STATEMENTS I[N SINGLE PRECISION
SUM=DSQRT(SUM+ TEFP #32)
Aldsl ¥=-LSIGNISUK, TEHMP )
WVECLJ P=05QRTH L.O+CABS( TEMP 1/5UM)
DIV=DSIGHI WYECIJ ) &SUM, TEMP )
00 85 J=124N

85 WVEC(J)=AlJ.1}/D1V
SCALAR=0.0
CO 95 J=11N
PVEC(J1=0.0
LD 90 K=11,N
90 PVEC{JI=PVEC(JI+AIK,J)*WVECIK)
SCALAR=SCALAR+PYEC(J)*WVECLI)
35 CONTINUE
SCALAR=SCALAR/Z.0
DO 120 J=11.N
OVEC(J)=PVEC(J)-SCALAR*wWVEC(J)
00 120 K=T1.N
AlKsJI=A[K4J)—WVECIKI*QVEC(J)
12C CONTINUE
U0 180 K=1,N
CVECIK1=—-SCALAR®WVEC(K)
LD 170 J=11,N
170 OVECIK)=QVECIKI+AIK,J)*WVECIJ]
CO 180 J=I11.N
AlKyJ1=AIK,J)-QVECIKI®WVECIJ]
180 CONTINUE

200 CONTINUE

RETURN
ENG
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SUBROUTINE QR2IA,NyDEL.SIGyRHO,NMAX)
DOUBLE QR ITERATICN

REMOVE OR MODIFY MNEXT THREE STATEMENTS IN SINGLE PRECISION VERSION
IMPLICIT REAL*8 ([A-H,0-4)
REAL#4 DEL
REAL#*8 KaP
DIMENSION AINMAX,N), GAMI(3), PSI(2)
INTEGER P,Q

Nl=N-1
NZ=N1-1

FIND P

DO 50 [l=1,N2

I=N1-11

iF (I1.EC.1) GQ TC &0

ALG=A{T+L,1)

CHANGE CAdS TO ABS FOR SINGLE PRECISION

IF (DABS(ALOV,LEL.CEL) GO TD 80

ALZ2=A[[+1l,0%2)

A21=Al1+2,0+1}

All=A{T+1,1+1]

DIF=A11-5IG

DENOM=DIF#*A11+AL24A2]14RHC

IF [DENOM.EC.0.0) GO TO 40

CHANGE FUNCTION NAME [N HEXT STATEMENT IN S5INGLE PRECESION
A32=DABS[ACI*3,1+21)

AZ2=A{1¢2,0+2)

CHANGE FUNCTION NANE [N NEXF STATEMENT IN SINGLE PRECISION
CHAMGE CaBS TOJ Ab5: FOR ZINGLE PRECISTON

IF {DABS{ALC#*A421*{DASS(A22Z+CIF)+A32}/0ENOM)LEL.DEL) GO TG &0

P=1

CONT 1HUE

FINO Q

00 100 Il=1l+P

[=P+1=-11

CHANGE DABS TO ABS FOR SINGLE PRECISICON
IF (DABSHA(I+Ll,[))LE.DEL) GO TO 110
Q=1

CONT INUE

ITERATE

DO 339 1=P,NL

IF [1.NELPY GO TO 130

RIF=A{I,11-51G

GAM{ L) =DIF*Al[ [)+A1L,[+L)%ALI+1,1)+RHD
GAMIZ1=A01+1+1)*ICIFeail+l,[+1))
GAMI3)=A(L1+1,[F®AC1¢2,[+1)

All¢2,1)=0.0

GO T4 15C

GAMIL)=AtI,1-1)

GAMIZY=a(l+1,1-11}

THE STATEMENTS WITH CC ADDED WERE ADUED SO THAT THIS PROGRAM WOULD

€C ADDED
C ADDED

65



140
Cosne
150

170
180

[aEaNal

220

230
221

250

[aNalal

26C
281

280

300

NOT TERMINATE WHILE USING THE WATFIV COMPLIER 3/19/1971 cC
cc
IFI1.EQ.N1) GO TO 140 cc
GAMI3I=A(1+2,1-1)
IFf (1.EQaNL1) GAM(3)=0.0 cc
GO TO 150 cc
CAM{31=0.00 cc
CHANGE FUNCTION HAMES [N NEXT STATEMENT IN SINGLE PRECISION

KAP=DSIGNIDSQRTIGAMI L ) e®2+GAM(2)*e2+CAM|3) 242 ) ,GAM(]1))
GK=GAM(1l]+KAP

IF (GK.NE.D.C) GO TOD 170
ALF==2,0

GK=ALF

GO TO 180

ALF=—GK/KAP
PSII1}1=GAMI(2)/GK
PSI(2)=GAM(3)/CK

IF {1.EQ.C) GO TU 220

IF (1.EQ.P) KAP=A(I,[-1)
AllyI=-1}=-KAP

ROW OPERATION

00 250 J=1.N

[FL1.EQ.NL) GO TO 2130 cc
FTA=ALF* (AL J)+PSL LI ®All+l o JI+PST(2)%A(]+2,J))

GO 10 221 cc
ETA=ALF* A(],.J1+PSI{1)%a([+1,J)) cc
ALIJI=ETAa+A(L, D) cc

ALT+LyJ)=ALT+1,J)+PSTIL)*ETA
IF CTaNEGNLT ACTe2,J1=A001+2,J)+PST(2)*ETA
CONT INUE

COLUMN CPERATION
L=[+2

IF [L.GT.N) L=N
00 280 J=Q,L

IF(I.EC.NL) GO TO 260 cc
ETA=ALF#[A(I, [)+PST(L)=A(] 1+L)ePSTL2)%A0J,1¢2))

GO TO 281 cc
ETA=ALF®(A(J,[)+PSTCLI*A(J,1+1)) ccC
AlJy T1=ETA*A(I,]) cc

Al 1¢1)=A0J,0+1)+PSI(1)#ETA

IF [ToNEGNL) AGJ,1¢2)=A01,142)+PSI(2)%ETA
CONTINUE

IF (1.,GE.N2) GO TC 300
ETA=ALFOPSTI(2)®a(1¢3,14+2)

AlIe¢3,[)=CTA

Alle3,14)1)=AL1+3,1)2PSII1)
AlI¢3,142)=A([+3,1+421+P51(2)%ETA

CONT [HUE

RETURN
END

ADDED
ADDED
ADDED

ADDED
ADDED
ADDED

ADDED

ADDED
ADDED
ADDED

ADDED

ADDED
ADDED
ADDED
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SUBRDUTINE ARANGE (VALUNT,NTMO,NTPO,NUMBER}
IMPLICIT REAL*81A-H,0-Y),COMPLEX®16(Z)
COMMON/ INOUT/NREAC 4 NWRITE,NPUNCH

DIMENSION VALUINT 2),VALRE(3& ) VALIM(34)

IF THE EI1GENVALUES ARE KMOWN TO BE REAL SET NUMBER.EQ.l.

IF THE EIGENVALUES ARE KNDOWN TD BE COMPLEX SET NUMBER,NE.l.
IFINUMBER.EQ.1) GC TO 100

COMPLEX EIGENVALUES ARE SORTED INTO ASSCENDING ORDER IN THE FOLLOWING
STATEMENTS ENDING ON STATEMENT 99.

DO 1 I=1,NT
VALRE([)=vALUII, 1)
VALIM(I)=vaLull, 21
81G=0.D0

00 99 I=1,NTHO

JQUI T=NTPC-1I
JQUTMC=uQuIT-1

00 98 J=1,JQUTKO
IF(DABS{VALIMIJ)).LE.DABSIBIG)) GO TO 98
JPO=J+1
IF(DABS(VALIM{JPO) ) CELCABS(VALIM(J)}) GD TO S8
BIG=VALIM(J]}
REALPT=VALRE(J)

D0 97 K=J,JQUTHD
KPO=K+1
VALIMIKI=VALIHIKPC}
VALRE[K)=VALRE(KPC)
VALITMIJQUIT)I=BIG
VALREIJQUIT)=REALPT
CONT INUE
BIG=VAL[M(JQUTHO)
CONT INUE

THE DAMPED,COMPLEX EIGENVALUES HAVE BEEN DRUERED FRDOM SMALLEST TO LARGEST
IN ABSOLUTE VALUE WITH RESPECT TO THEIR IMAGINARY PARTS.(WHICH ARE THE
CIRCULAR FREQUENCIES]

WRITE OUT THESE ORDERED EIGENYALUES,PLACE THEM IN VALU(I+2) AND RETURN
TO Maln.

WRITEINWRITE, 7]

FORMATL'1' ,45X,*THE N DAMPED,COMPLEX CONJUGATE EIGENVALUE PAIRS
LARE® /=1 54X, 'REAL PART', 16X, " IMAGINARY PART")

WRITE(NWRITE,8) (YALRE(L)VALIM{I),I=1,NT)
FORHAT(*0Q*,40X4+1P2D28.15/" *,40X,1P2028.15)

DO 2 I=1,NT

VALUL L, LI=VALREC(T)

VALU(T,21=vALIM(T)

RETURN

REAL EIGENVALUES ARE SORTED IN ASSCENDING ORDER IN THE FOLLOWING STATEMENT
ENDING ON T8.

CONT INUE
0O 75 I=1,4NT
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75 VALREI(TL)=VALUII,l)

T6
117

18

79
Bl
83

85

B16=0.0D0

DO 78 1=1,NTHD

JQUI T=NTPO-I1

JQUTMO=4QUIT=-1

DO 7T J=l,JQUTMO
IF(VYALRE(JI.LE.BIC) GO TQ 77
JPO=J+1
IF{VALREIJPD).GE.VALREIJ)) GO TO 77
BIG=YALRELJI

00 74 K=Jd,JOUTMD

KPO=x+#1

VALRE{K}=VALRE(KPC)
VALRE(JQUIT)=BIG

CONT INUE

BIG=VALRE(JQUTMO})

CONT IKUE

THE UNDAMPED,REAL EIGENVALUES HAVE BEEN ORDERED. PLACE THESE ORDERED
EIGENVALUES IN VALUII,1). DETERMINE AND WAITE DOUT THE UNDAMPED CIRCULAR
FREQUENCIES.

DA 79 I=1¢NT

VALULT, L )=VALRE(])

DO Bl I=1.NT

VALRE(I)=DSURTIDABS({VALRELII))

WRITE(NWRITE,B3)

FORMAT(PL® ,45X,*T+E N UNCAHPED CIRCULAR FREQUENCIES ARE'/)
WRITE(NWRITE,B85) (VALRE(I).E=1,NT])

FORMAT('-"',46X, 1P1DZ28.15)

RETURN

END
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SUBROUTINE VECITR

IMPLICIT REAL®*B(A-H,0-Y),COMPLEX*16(2)
COMPLEX*#16 DCMPLX;DCONJG
COMMON/COMX/ZVEC(25,34)
COMMON/DYNAM/ D[ 34,341, VALU(34,42])
COMMON/MATMCK/ANCLT17), ACHLT,LT),AKILT,17)
COMMON/AL/DOLIL1T7,17) ,AMA(LT,1T)
COMMON/ORCER/NMO N ¢ NPOJNTHMO NT NTPO,NN,NTNT
COMMON/ INCUT/NREAC s NWR I TE 4 NPUNCH
DIMENSION ZHOLD(34) (ZRIGHTILT)
DIMENSION DOVERIR(34)
EQUIVALENCE(OVERZIR, ZRIGHT)

DIMENSION RIGHT(34)

DO 1 L=1,NT,2

ZLAMB=IVEC(35,L)

ROOTR=VALUI(L1}

ROOTI=VALU(L,2)

RRMI [=ROOTR#ROOTR=ROOT[#ROOTI
TRI=2.D0*RCOTR*ROCTI

DO 11 I=1,N

IPN=T+N

00 11 J=1.N

JPN=J+N

R=ARMI[*#aMA(] ,J)+ROCTR*ACI]I,JI+AK(],J)
AI=TRI®*AMA(],J)+RCOTI*AC(I,J)

Dil,J)=R

DUIPN, JPN)=R

DOl JPNI==4a1

DUIPN,J)=Al

DO 22 I=1.NT

ZHOLDII)=ZVECIT,LL)

DO 33 I=1,N

IKX=(0,00,0.00)

IMY=2KX

DO 44 J=14N
IKX=IKX+DCMPLX{AK(1,4J),0.00)%ZHOLDIJ)
IMY=ZHMY+DLMPLX{AMA(],J),0.D0)*ZHOLDI{J+N)
IRIGHT(1)=ZKX-ZLAFB*IMY

00 55 I=1.N

IR=281~1

[1=2#%1

RIGHT([)=OVERZRI(IR)

RIGHT (1+N)=DVERZRI(II)

CALL DGELGIRIGHT,CoNT,1,14€E-12,1ER)

DO 66 I=14N

IPN=14N
IHOLD([PN)=0OCHPLX(RIGHT [T )4RIGHT{IPN))
DO 77 I=1,N

THOLD( L )={ZHOLDLI+N)-2HOLD(L) ) /ZLAMB
00 BB 1=14NT

IVEC(I,Li=2HULDCT}
IVEC{I4L#1)=DCONJCIZHKOLDIL))

CONT INUE

RETURN

END i
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DGELGO03

SUBROUTINE DGELG (THIS IS ONE OF THE SUBROUTINES IN THE IBH

SYSTEM/S 360 SCLENTIFIC SUBROUTINE PACKAGE).

DGELGAQO0S
PURPUSE DGELGOCS
TQ SOLVE A CENERAL SYSTEM OF SIMULTANEOUS LINEAR EQUATICNS. DGELGGOT
DGELGOOB
USAGE DGELGOO?Y
CALL DGELGIR A M N,EPS,1ER} DGELGOLO
DGELGOL1
DESCRIPTION OF PARAMETERS DGELGO12
R = DDLBLE PRECISION M BY N RIGHT HAND SIDE MATRIX DGELGO13
(OESTROYECI. ON RETURN R CONTAINS THE SOLUTIONS DGELGOD14
OF THE EQUATICNS. DGELGO1S
A — DOLBLE PRECISION M BY M COEFFICIENT MATRIX DGELGO LS
(DESTROYEC ). OGELGOLT
M - THE NUMBER OF EQUATIONS IN THE SYSTEM. DGELGO13
N - THE NUMBER OF RIGHT HAND SIDE VECTORS. DGELGO19
EPS = SIANGLE PRECISION [INPUT CONSTANT wHICH IS USED AS OGELGD 2D
RELATIVE TOLERANCE FOR TEST QN LOSS QF OLELGD 2]
SICNIFICANCE. DGELGO22
1ER = RESULTING ERROR PARAMETER CODED AS FOLLOWS DGELGO23
IER=0 - NO ERRCR, DGELGOZe
TER=-1 - NO RESULT BECAUSE OF M LESS THAN 1 CR DGELGD 25
PIVOY ELEMENT AT ANY ELIMINATION STEP DGELGD 26
EQUAL TO G, DGELGQ2T
TER=K = WARNING DUE TO POSSIBLE LOSS OF SIGNIFI- DGELGO28
CANCE INCICATED AT ELIMINATION STEP Ke+¢l» DGELGOZ9
WHERE PIVOT ELEMENT WAS LESS THAN OR . DGELGO3Q

EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DGELGO31
ABSOLUTELY GREATEST ELEMENT OF MATRIX a. [DGELGO3Z

DGELGD33

REMARKS DGELGO34
INPUT MATRICES & AND A ARE ASSUMED TO BE STORED COLUMNWISE DGELGO3S

IN M®N RESP. MsM SUCCESSIVE STORAGE LOCATIONS. OMN RETURHK DGELGO 23S
SOLUTION MATRIX R IS STQORECD COLUMNWISE TOO. CGELGO37

THE PRUCEDURE GIVES RESULTS [F THAE NUMBER OF EQUATIONS M [S DGELGD 34
GREATER THAN 0 AND PIVYOT ELEMENTS AT ALUL ELIMINATION STEPS DGELGD3S
ARE DIFFERENRT FROM 0, HOWEYER WARNING IER=r - IF GIVEN - CGELGO40
[NDICATES PCSSIBLE LOSS CF SIGNIFICANCFE. 1N CASE OF A WELL DGELGO&!L
SCALED MATRIX A AND A4PPROPRIATE TOLERANCE EPS, IER=K MAY BE OGELGO42

INTERPRETED THAT MATRIX A HAS THE RANK K. HNO WARNING [S DGELGD 43

GIVEN [N CASE M=], DGELGO44
DGELGO 45

SUBROUT[NES ANC FUNCTION SUBPROGRAMS REQUIRED DGELGO4&
NONKE DGELGO&7
DGELGO&B

METHOD DCELGO4&9
SOLUTION IS DONWE BY MEANS OF GAUSS-ELIMINATION WITH ' OGELGOSO
CUMPLETE PIVOTING. DGELGOS]
DGELGOS2
BassedsscuBRIEsestasssaedsratateuscatssissnnannasassssssravsannses DGELGDS3
CGELGO54

SUBROUTINE DUGELGIR,A,MyNEPS, LER) DGELGOSS
DGELGGSS

DGELGOS57

DIMENSION A(LI,RI(1) DGELGOSB

DOUBLE PRECISION R,A,PIV,TB,TOL.PIVI DGELGO59
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IF(M)23,23,1

SEARCH FOR GREATEST ELEMENT IN MATRIX A
LER=0

PIV=0.00

HH=M &N

NM=N&M

DO 3 L=lMH

TB=DABSLAIL))

IF(TB-PIV)34342

PIV=T8

I=L

CONTINUE

TOL=EPSEP]V

AL} IS PIVOT ELEMENT. PIV CONTAINS THE ABSOLUTE VALUE OF

START ELIMINATION LCOP
LsT=1
D0 17 K=1,M

TEST DN SINGULARITY
IFIPIV]IZ23,23,4

IF(IER)T,5,7

IF(PIV-TOL)Es 647

1ER=K-1

PIVI=1.00/AC1)

J={I-11/H

I=1-J#M-X

J=Je1-K

14K 1S ROW-INDEX, J+K COLUMN=INDEX OF PIVQT ELEMENT

Allla

PIVOT ROW REDUCTICN AND ROW INTERCHANGE IN RIGHT HAND SIDE R

DO B L=K NH,M
Li=L+l
TB=PIVI=RILL)
RILLI=R(L]
RiL)=TB

1S ELITMINATION TERMINATED
IF(K-M)9,18,18

COLUMN INTERCHANGE IN HATRIX &
LEND=LSTeHN-K

IF(J)12,12,10

1[=J¥*NM

DO 11 L=L5T,LEND

TA=A(L)

LL=L+I1[

AfLE=A(LL!

Al{LL)=TB

ROW INTERCHANGE AKD PIVOT ROW RECUCTICON IN HMATRIX A
DO 13 L=LST. MMM

LL=L+1 . -

TB=PIVI®AILL)

AlLL)=4a1LL)

AfL)=T8B

SAVE COLUMN INTERCHANGE [NFORMATION

DGELGOGO
DGELGODS&1
DGELGOb2
DGELGO63
DGELGO&S
DGELGO6S
DGELGDSS
DGELGOGT
CGELGOSSE
OGELGO&Y
DGELGOTO
DGELGOT1
DGELGOT2
DGELGO73
DGELGO T4
DGELGOTS
DGELGOTe
OGELGOT?7?
DGELGOT8
DGELGOT9
DGELGO8O
DGELGOB]
DGELGOB2
OGELGDB3
DGELGOB4
DGELGRBS
DGELGOBG
DGELGOBT
DGELGOBEB
OGELGO8Y
DGELGO9D
DGELGO91
DGELGO92
DGELGOS3
DGELGO94
OGELGO95
DGELGO96
DGELGOST
DGELGOSB
DGELGD99
DGELG100
DGELGLOL
DGELGLO2
DGELG103
DGELGL1O4&
DGELG1OS
DGELG10&
DGELGLOT
DGELGlO08
DGELGL09
DGELGLIOD
DGELGILL
DGELGLL2
DGELGL13
DGELGL14
DGELGL1S
DGELGl1e
BGELGLLT
OGELG118
DGELGLLY

T1
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23

A(LST)=J

ELEMENT REDUCTION AND NEXT PIVOT SEARCH
PIV=0.D0

LST=LST+]

J=0

00 16 I1=LST,LEND
PIvIi=-A(I1)

IST=11+M

J=J+l

D0 15 L=IST MMM
LL=L=-J
ALL)=A(L)+PIVI*A(LL)
TB=DABS(A(L)}
IF{TB-PIVILS, 15,14
Plv=TB

I=L

CONT INUE

00 16 L=K,NH, M
LL=L+J
R{LL)=R(LL)+PIVIeR(L)
LST=LST+M

END OF ELIMINATIOAMN LCOP

BACK SUBSTITUTION AND BACK INTERCHANGE
IF(H-1123,22,19
IST=MFeM

LST=Me]l

00 21 1=2.HM
II=LST-1
IST=1ST-LST
L=15T-M
L=A(L)+.500

DO 21 J=II.NM.HM
TB=R(J)

LL=J

DO 20 K=IST,MM;H
LL=LL+1
TB=TB-A{K}*RILL]}
K=J¢L

R(J)=R{K]}
R(K)=TH

RETURN

ERRDR RETURN
TER=-1
RETURN

END

DGELG120
DGELGl21
DGELG122
DGELGL23
DGELGl 24
DGELGL 25
DGELGL 26
DCGELGL27
DGELGL 28
DGELGLZ29
DGELGL 30
DGELGL31
DGELGL32
DGELGL33
DGELGL 34
DGELGL35
DGELGL36
DGELGL37
DGELGL 38
DGELGL 39
DGELGL40
DGELG141
DGELGL42
DGELGL 43
DGELGL44
DGELGL145
DGELGl 46
DGELG147
DGELGL48B
DGELGL49
DGELGL50
DGELG151
DGELGLS52
DGELGL53
DGELGL54
DGELGLS5
DGELGLS56
DGELGLS57
DGELGL58
DGELGL59
OGELGL &0
DGELGLS]
DGELG1 &2
DGELG163
DGELGl 64
DGELGL6S
DGELG166
DGELGL67
DGELG168
DGELG169
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BLOCKX DaTA

IMPLICIT REAL®*B (&-H,0-Y),CUMPLEX ®1&I(1)
COMMON /COMX/IVEC (25,34
COMMON/DYNAM/DI34,34) ,VALUI34,2)
COMMON/MATMCK/AM(LT 17),ACILT,17),AK{1T7,17)
COMMON/AL/ OLILT,17),AMA(LT,LT7)
COMMUN/DRDER/NMO Ny NPOyNTHO NT 4 NTPO,NN,NTNT
COMMON/ INOUT /NREAE y NWRITE s NPUNCH

DATA 0,valu/l224*C.00/

DATA DL,AMA/578%0.D0/

OATA NMOgN MPOSNTFOWNT NTPOJNNyNTNT/16,17,18,33,34,35,289,1156/
OATA NREADNMWRITE,NPUNCH/S 40647/

DATA AM,AC.AK/867%0.D0/

END

SUBROUTINE BIGRTH

I[MPLICIT REAL*8 (A-H,0-Y),CCMPLEX #*16(Z)
COMPLEX*16 COSQRT(DCMFPLX,DCONJG
COMMON/COMX/IVECI35,34)
COHMON/DYNAM/D( 34,34} ,VALUL34,2)
COMMON/MATMCK/AM(L1T 1T, ACL1 T4 2T 4AKILT4LT)
COMMON/ALY OL(L1T41T),AMACLT,1T)
COMMON/ORDER /NMO oM ¢ NPCyNTHD,NT yNTPO NN, NTNT
COMMON/ INOUT /NREAC ¢ NWRITE ,NPUNCH

DIMENSION ZHOLDILT)

DO 1 K=1,4NT,2

ROOTR=VALU(Ky L)

ROOT I=VALU(K42)

00 11 I=14N

THOLD(I1=ZVECIT . K)

ISUMT={0.00,0.001}

D0 22 J=1,N

1SUM0=(0.00,0.001]

D0 33 [I=14N

33 ISUMD=Z5UMO+

LDCMPLX{2.D0O*RODTRPAMAIT 4 JI4ACTTJ},2.00#RO0OTI*AMA(T,J) ) *ZHOLDIT}

22 ISUMT=2SUMT+ZSUMD®ZHOLD(J)

ISQ=CDSCRT((1.C04C.CO}/ZSUNT)
ISQCON=DCONJGILSQ)

DO 44 I=1,4NT
IVECIT4K#)1=ZVECI 14K+ 1)*25QCON
IVECIL,k)=2VECI[,Kk)*L5Q
CONTINUE

RETURN

END

T3
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SUBROUTINE RUADINIZIWL 4 2ZwWR, WLy WR,NOREAD)
IMPLICIT REAL®*8{A-H.K,0-Y),COMPLEX*161Z)
COMPLEX®16 OCMPLK
REAL *B DOSIN,DCOS

NAMELIST/ROADS CVID CVILI CIXsCXoCXIoCXIToKVIT RVIIT KIXKX,KXI,

IKX]L AL+ ARy ZWIDE+ET 4 GHL,GHERZ 4 SPEED+FWL 4 F WA
DIMENSION ITIMEI(S)
COMMON/IROAD/ZCL (&) ,ZCRIG)

COMMON/ INCUT /NREAL ¢y NWRITE . NPUNCH
COMMON/RIPPLE/WAVEL yWAVER, FAST , AMPL ,AMPR,FAZE
TFINOREAD.NEL.1) GC TO 10

READ(NREAD,RDAD)

WL=FWL

WR=FHWR

FAST=SPEED

AMPL=AL

AMPR=AR

FAZE=BT

CONT INUE

T1=WL*CHL/SPEED

T2=WL*GHER2/SPEED
ITIME(Y1)=DCMPLX(DCOS(TL),-DSINITL1)}
ITIME(2)=DCMPLX(DCOSI(T2),-0SINIT2}))
ITIME(3)=DCHPLXIDCOS(BT),-DSINIBT)}
T1=WRE®TL/ WL

T2=WR*T2/WL

ZTIME (4 )=DCMPLX{OCOS(TLI+8T),~0SINITL+BT)]
ZTIME(S)=DCMPLX(DCOS(TZ2¢BT1,~CSINIT248BT))
ZCLIL)=DCHPLX(CVII*wmL*AL,-KVI[®AL)
ICLI2)=DCHPLX(CIX?WL*AL ,—KIX$AL)*ZTIMEL(L}
2CLE3)=DCHPLX(CXISHL*AL ,~KXISAL)#ITIME(2)
ZCLI4)==2WIDE®2ZCLIL)

ZCLIS) =—-IwWIDE®ICLI2)

ICLIG)=-ZWIDE*ZCL(3)
ZCRIL)=DCHMPLX(CVIII*WR*AR,-KYITI®ARI®IT[HE(3)
ICRI2)=DCHPLXICX*WR*®AR,-KX%AR)SITIME(4)
ZCRIB)=UCHPLX (CXT1*WR#AR,-KX[1®AR)*ZTIME(S)
ICRI4)=2WIDE®ICRIL)

ICRIS)=ZWICE*ICRI( )

ICAL&)=IWIDE#2CRI(2]

IWl=0CHPLXLC DO, Wk}

IWR=DCHMPLX{0.D0,mR)
WAVEL=6,2831E5307173586*SPEED/ WL
WAVER=6,283185307L79566*SPEED/WR

RETURN

END

T4
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22

55

33

44

1]

SUBROUTINE RIDE(ZmR,ZWLsNT,N)
TMPLICIT REAL*B(A-H,0-Y),COMPLEX®*]61Z])
COMPLEX®1S DCLUNJG
COMMON/CCMX/2ZVECI35,34)
COMMON/ZRIDE/ZRIDLILT) ZRIDR(LT)
COMMDN/ZROAD/ICLIE) +ICRIED
COMMON/ INCUT /NREAL 4 NWRITENPUNCH
DIMENSION ZSCALLIE34),25CALR(34)
DIMENSION ZHDLD(®)

DO 1 K=1,NT

ILAMB=ZVECINT+1,K]
ITHOLD(L)=ZVEC(LaK]
IHOLDI21=IVEC(3,K)
ZHOLDI3 ) =2VEC(4,K)
IHOLD(4)=ZVEC(9,K)
ZHOLD(S5)=ZVEC(L1L1,K])
IHOLD(6)=ZVEC(13,K)
ISUM=(0.00,0.00)

DO 11 1=1,%&
1SUM=ISUM+ZHOLODI T Y *ICL(1)
ISCALLIK)I=2SUM/ [ZWL-ZLAMB|
LSUM=10.00,0.00)

00 22 I=1l.8
I5UM=7SUM+«IHOLOLEI ) *#ICRIT)
ISCALR(KI=ZSUM/ (IRR=-ZLAME)
FORMAT(*1%,34(" ",1P4030.15/))
00 33 I=14N

IRIDOLI11={0.00,0.C0)
IRIDRITI=10.00,0.C0)

DO &4 K=1.NT

DO 44 [=1,N
IRIDLIT)=ZRIDLITI+IVECII K)*®2ZSCALLIK)
IRIDRII}=ZRICR(LI+ZVECIL XK)*ZS5CALR(K)
DO 66 [=1.N
IRIOL(I}=CCONJGIZRIDLITIN)
IRIDR(I)=0CANJGIZRIDRIL))

RETURN

END
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SUBROUTINE WEQULY

1MPLICIT REAL *38(a4-H,D0-Y],COMPLEX *[&{2)

COMPLEX*Ls CTABS

COMMON/ZRIDE/SZRIOLELTILZRIBRILT)
COMMONZUHDERZNSC A o NP NTMOWNT o NTPO AN, NTNT

COMMON/R[PPLE/BAVIL «WAVER,FAST AMPL ,AMPR FRLZE
COMHON/ INCUT ANREAL pNWRITE, NPUNCH
DIMENSION AMPHMAX(LTY)
00 1000 1=1.h
AMPMAX (1 )=CDABS{ZAICLIT)+ZRIDRIT Y

WRITE (NKRETE,LIL1]
WRITE [NWR[TE, 222!

WRITE [NmRITE, 1
WRITE [NWRITEs 2
TEs 3)
TEs 4)
TEy 51
TEy &)
TEsy TI

WRITE(NWR]
WRITEANWR]
WRITEINWR]
WRITE(N®RI
WRITE (hwAL

WRITE(NRRITE,
WRITEINKRITE,

!
!

a)
31

WRITEINWRITE 101
HALTE{NRRITELLL)
WRITE[NRRITE,L2)
WRITEINWRITE13)
WRITE{NWRITE 14
HRITEINWRITE,L5)
HRITE(NWRITE.L16)
WRITE(NWRITE,LT)

FORMAT{*C"
FORMAT("G?
FORMAT{ 0"
FORMAT(*G"
FORMAT (10!
FORMAT({'O*

FORMATY (1G,

FORMAT (10!
FORMATI1Q"
FORMAT{108
FORMAT{IQ"
FORMAT('y"
FORMAT ('
FORMAT [*2¢
FORMAT('0°®
FORMAT (45"
FORMAT (10!
FORMAT('1*
FORMATL 1=
RETURN

END

156X,
WSbKy
-1
56X,
1% &
rSEX,
56X,
156X,
156X,
156X,
I-1-E 5
s Dby
i SGX,y
156X,
150X,
P ShXy
» 56X,
ra s
135X,

FaAlZE
AMPMAX( 1}
AMPHAXL 21
AMPMAX( 3)
AMPMAXT &)
AMPMAX( S)
AMPMAXL &)
2MPRAX( T)
AMPHAL B)
AMPNLL] 9
AMPMAXL1D]
AMPMAXC LYY
AFOMAK(12]
AMPMAX(]13])
AMPMAY(14]
AMPMAYX(15]
AMPMAX (15)
AMPMAKLLT)

' X1 = ', 1PID%.2}
v X2 = 0, 1PiD9.2)

YoA3 = ,1PIDY.2]

TOXS = ', [Pl09.2)

tx7 = 1,1P109.2]

vzl = 1,1P10%9.2)

t 73 = 1,1P109.2)

T 25 = ,1P109.2)

"THETAL = *,lP1C3.2)
fTRETAZ = *,1P109.2)
PTHETAZ = 9,12109.2)
PIFTTASL = P ,1PICR.214

'TRETAS = ',1P1D%.2

YUPHIZ = 1, 1P105.21

UUBHI4 = v, 1P1D9.2)

YOXEZ = 'L, IPLDY.2)

¢ XIs = ', IPLGY.2)

YT HAK[FUM 2MPLITUDES AKE'//)

TrE RELATIVE PHASLL ANGLE

[S'/'0%¢0X 1PLIDLC.3/ /21
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Appendix B

EXPLANATION QF INPUT DATA FOR UNDETERMINED

COEFFICIENTS PROGRAM WITH SOURCE LISTING
The required input for this program is identical to that for the program
explained in appendix A except for the namelist data group FORCE. Data group

FORCE contains the same variables as data group ROAD, except ZWIDE becomes
the REAL®*8 variable, WIDE, and possesses the additional variables defined

below, If & Bode plot is desired for a given vehicle, these variables may be

employed.

NUMB = the number of discrete steps desired (integer)
RUNGL = the step size for the left side (radians/second)

RUNGR = the step size for the right side (radians/second)

17



100

333

110

120

130

IMPLICIT REAL®B(A-H,0-Y)
COMMON/DOYNAM/DI34, 341 yVALU(34,2]
COMMON/MATHCK/AMILIT,17),ACILT,1T),AKILT,1T)
COMMON/COROER/NMO 4N (NPO NTMO T ,NTPO, NN, NTNT
COMMON/AL/DLULT07) sAMACLT LT

COMMON/ INUUT /NREAC, NWR ITE, NPUNCH

COMMON/RL/TIME(LD)

COMMON/MISC/wL o WA ,FAST,STEPL,STEPR,AMPL , AMPR,FAZE ,NSTEPS
DIMENSION CLULT)LCIICLT)CLLICLT) SIULT)WSITLLTYSLLEICLITY
COMMON/DOUT/XCLULT) o XSLALT) 4 XCRULT)4XSR(1T)
COMMON/CUSSIN/SACI34,3)
EQUIVALENCE(SAC(L,11,CI)o(SACIL142)4CII)4(SACI1,3),CII1)
EQUIVALENCE(SAC(LEBy L1 4ST),(S5ACI18,42),SIT1),1SAC(1B,3),5111)
CALL DEFINE

DO 2 [=1,N

DD 2 J=1,N

AMA( 14 J)=AN(T,4J])

NOREAD=0

ERD=0.00

NSIDE=1

DO 3 J=1,3

00 3 I=1,NT

SAC(14J1=0.00

CALL FORCIN(NOREAL 4NSIDE)

DD 100 I=1.N

IPN= 1 +N

DO 100 J=1,N

JPN=J+N

WHK=-WL*WL *AMA( ], J)+AKI],Jd)

WC=WL®AC([4J)

DU, Jd)=WHK

DOIPN, JPN)=wWHK

CUI,JPN)=WC

DOIPN,J)==-WC

CALL OGELGISAC,D4AT4341.E-14, [ER)

IF(IER.NE.O) WRITEINWRITE,333)

FORMAT(*~",50%,11C)

00 110 I=1,N

XCLUI)=ERD

XSL(1)=EKD

XCR( I )=EROD

XSR(1)=ERD

DG 120 I=1N
XKCLOI)=CI(ID)+CII(D)*TIMEI2)-STIMTI*TIME(LD+CITICTI)I®TIME(S)=SIII(I)

1*TIME(3)

XSLOI)=SECI)+CITA L) *TIMECL)#STNAT}*TIME(2)+CIITADI*TIME(B)+SLITMT)
1#TIME(4)

0O 130 J=1,3

00 130 I=1,.NT

SAC({ 1, b=ERU
NOREAD=1+NOREAD

NSIDE=2

CALL FORCININOREAC,NSIDE)
GO 140 I=1,N

[PN=T+N

N0 140 J=1,N

JPN=J 4N
WHK=~WREWR®AMA( [, JI+AK([4J)
WC=WR®AL(T,J)

D(Isd)=mMK
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DUIPN, JPN)=WHK
DIy JPNI=WC
140 DUIPN,Jl==KC
CALL DGELG(SAC+D4AT4341.E-14,1ER)
IF{IER.NE.O) WRITEINWRITE,333)
DO 160 [=1,N
XCROII=CLUI)I®TIME(S)-SIII)®TIME(S)+CIIILI)STIME(BI-SII(TI)*TIME(T)
LeCITI(I)*TIMECLO)I-SITI(I)*TIMEIT)
160 XSRET)=CLCI)®TIME(S)#STIT)I*TIMEIS)+CTILI(I)*TIME(T)+SIT(I)*TIME(B)
L+CTIT(II®TIME(G)I+STELI(L)*TINE(LD)
WRITE(NWRITE,LT79)
179 FORMAT('1")
WRITE(NWRITE, 2101 FAST
WRITEINWRITE,190)
WRITE(NWRITE,L78) WL,WR
WRITE(NWRITE,3000) AMPL,AMPR
3000 FORMAT(*-'",25X,*THE AMPLITUDE (FEET) OF THE LEFT AND RIGHT®
lo1X,*SINUSOIDAL PATHS ARE RESPECTIVELY'/'0°:4TX,1P2015.4%)
190 FORMAT(*—=*,10X,*THE SINUSOIDAL FORCING FREQUENCIES (RADIANS/SEC)®
151Xy *FOR THE LEFT AND FOR THE RIGHT SIDE wHEEL PATHS ARE!
2,1X, "RESPECTIVELY"?}
210 FORMATI(" *,30X,"THE SPEEC (FEET/SECOND) OF THIS VEHICLE"
LolXe'1S EQUAL TD*,1PL0OL244)
L78 FORMAY(['0",35X,"WL=",1P1022.15,10X%, 'WR="',1P1D22.15)
WAVEL=6,2831B853071795B6%FAST /Wl
WAVER=6,2831E5307179586%FAST /hR
WRITEINWRITE,4) WAVEL ,WAVER
& FORMAT("-",25X,"THE WAVELENGTH OF THE LEFT AND RIGHT SINUSUIDAL"
141X, "OISPLACEMENT FUNCTICNS ARE RESPECTIVELY'/'0"',40X,1P2025.10)
WRITE(NWRITELLT7)
L77 FORMAT('C",25X,"OLTPUT(I) = A(1]1%COSIWL®T) + BOI)*SIN(WL*T) + *
LolX,*CI1I#CUS(WR®T) + DI(I)I®SINIWR®*T]")
WRITE(NWRITE.LBL!
181 FORMAT(*'=* I 7X,"AIT1* 26X, 'BI1)", 26X, CUI)Y, 26X D(1)")
DO 170 I=1,N
170 WRITE(HWRITE,1B0) XCLIE)oXSLII)XCRIT)4XSR{I)
1B0 FORMAT('0',1P4030.15)
DIFFER=NABS(WL=-WR)
IFIDIFFER.LT.1e0-7) CALL WEQUAL
WL=WL+STEPL
WR=HR+STEPR
IF(NSTEPS.GE.NOREAD) GO TO 200
sTae
END



SUBROUTINE DEFINE

REAL®8 M,C,X

REAL %4 HY,M2,M3,F4,M5,M8,H7,M8,M5

REAL #*4& MIL,MIZ4MI3 MIayMIS,MI2 M4, MH2Z1MH4,POTP6E2,P2T7,P84,PB9,
uP&9

REAL *4 K1,K2,K3,Ké, K5, Kb KT, KB,K94K10,K11,K12,K13,K14,K15,K16
REAL *4& K17.K1B,K13 K20, K21 +K22,K23,K24

COMMON/ INOUT /NREAC 4 NWRITE, NPUNCH
COMMON/MATHCK/M(1T7417)4CILTo17),K117,17)
NAMELTST/MASSES/MI+HM2 M3 M4, M5, M6,MT, M8, HT

NAMELIST/INERTA/MIL yMIZ2MI3,HI4,MI5,MI2,MJ%,MH2,MH4&,

1P6T P62,P2T,P84,PEF,P4T

NAMELIST/DAMPER/CL+C2+C34C44C5.C64C7,C8:C99CL0+C104C12+CE3.C14,C15

1.Cl&,C17,C18,C19,C20,C21,C225C23,C24

NAMELIST/SPRING/KL K2 K3 gK& K5  KEZKT K84 K9y)K10,K11,K12,K13,K144K1l5

1,K16,K17,K10,K19,K20,%2LK22,K23,K24
NAMELIST/DIMEN/A4B+CCoDtEsFsGaHoPoQoRySeTolUeVaHsXeY,yl
READ [NREAD +MASSES |
READINREAD, INERTA}
READ(NREAD,DAMPER)
READ(NREAD,SPRING)
READ{NREAD,DIMEN)
30 FORMAT('14,T43,*FCR THIS SEMI=TRAILER TRUCK THE CHARACTERIZING'
1/ *+T53,"PARAMETERS ARE AS FOLLOWS.'////7)
40 FORMAT(' *,TL&,*DAMPERS® 740, 'SPRINGS®,T60, 'DIMENSIDNAL LENGTHS®
1,787, "MASS MUMENTS OF INERTIA®,T120,'MASSES®]
60 FORMAT[' ¢, T12, " (KIP-SEC/FTI'yT40 {KIP/FT]1*,T6B,"(FT)*,T9l,
1Y IKIP-SEC*%2-FT1*,T11S5, " {KIP-SEC*#2/FT)*)
1 FORMAT('0",T11,"Cl=* (EL3a64T37,"K1="4E13.64T64,"A=",EL13,6,T790,
L'MIL=%,E13.6,T116,*'H1="1E13.86)
2 FORMAT(*0",TL1,°C2=",E13.6,T37,"K2="*,E13.6,Tb4,"8="',E13.6,T90,
2°MI2="yEL3.6,T1l6,"42=",EL3.6)
3 FORMAT('0* 3 T11,°C2=",£E13.6,T37,'K3=",E13.64T63,'CC=",E13.6,790,
30MI33',EL13.6,T11l6,"M3=",EL13.6)
& FORMATU 0! (T11¢"Ca="4EL3.6,4T37,%K4=" EL3.6,164,"'0=",E13,6,790,
LYMIL="EL13.6,T116,"M4=",E13,5)
S FORMAT{'O%yTLL,"C5=*4EL13.64T37,'K5=",EL3.6,Tb4,"E=",E13.6,T90,
SIMI5=" yE13.6,TL16,7M5=",E13.6)
& FORMAT('0"yTL1,*CE=",E13.6,T37,"K6=",EL3.6+T64,"'F=",E13.6,T90,
BYMI2=* EL3.6,TL16, 'H6="4E13.6)
T FORMAT('0" yThL4*CT7=",EL2.04T37y KT=",EL3464Tb4y'G="4E13.6,T790,
TPMI&=* E13.6,T11l6,"MT=",013.6)
B FORMAT('0',T11,°C8=1,513.6,T37,"'KB=*,E13e64T64, H=",EL3.6,T90,
B*MHZ=",EL3.6,T1l6,'M8="yEL3.6}
9 FORMAT('O',T11,'CS5=",Fl3.6,T37,"K3=",E13.6,T64,'P=",£13,6,T790,
QUIMHA= TS EL3 6, TLL6, M= ,E13.6)
10 FORMAT('0",T10,'Cl0=*,E13.6,736,"K10=",E13.6,T64,°0=",E13.6,T790,
2'P6T=",EL3.6)
11 FORMAT('Q* T10s'Cl1l=* yEI3e64T36, KLL=",E13.6,T64,"R=",E13.6,790,
2'P62=",E13.84]
12 FORMATU'0"yTLh0s°Cl2=",E13.6,T36,'K12=*,EL3.64T644"5=",E13.64T90,
2'P27="',E13,6)
13 FORMAT('0",T10,'C13=",E13.6,T36,"'K13=%,E13,6,Tb4,"T=",E13.6,T90,
2'PBG=",E13.6)
14 FORMAT('0',T10,°Clé=",E13.6,T36,"%14=",E13.6,T64,"U=",E13.6,T790,
2'PBI=",EL3.86)
15 FORMATE'OY,TI0,*C1S=" EL13.6,T38, ' K15=" ,EL3.b6,T64,*V=",EL13.6,T90,
2*P49=" ,EL13.8)
16 FORMATI'0',T10,'C16=",EL13.6,T36,'K16=",E13.6,T64,"W=",EL3.6)
LT FORMAT('0%,T10,'Cl7=*,EL3.6,T36,'K17=",E13.6,Tb4a, ' X=",E13.6])



1B FORMATI{®"0*  T10,°Cl8=" yELl3.6+T36,"KL1B=3" E1l3ob,Tob,"'Y=",EL3.56)
19 FORMAT(*0",T10,"C19="4El13.64T36,"'K19="4El3.6+T64,"2=",E13,6)
20 FORMAT(*0',T10,'C20="4E13.6,T36, 'x20=",E13.6)
21 FORMAT(*O*,TIO0,*'C2L=",ELl3.6,T36,'K2Ll=",E13.06)
22 FORMAT('0",T10,'C22="4E13.6,T356,'K22="',E13.6)
23 FORMAT('0" T10w"Cc3="4EL3.6+T36,"'K23=",E13.6)
24 FORMAT('0',T10,%C24="4EL13.6,T36,'K24=",E13.08])

WRITE(NWRITE,30)

WRITE(NWRITE,40])

WRITE(NWRITE,60!

WRITE(NWRITE, 1) Cl ,K1 .4 ,MIL,M]

WRITE(NWRITE, 2) C2 +K2 o8 +MI2,M2

WRITE(NWRITE, 3) C3 ,k3 ,CC,MI3.M3

WRITE(NWRITE, 4} C4 4K4 ,0 ,HI&,Fs

WRITE(NWRITE, 5) C5 +K5 ,E s+MIS,M5

WRITEINWRITE, 61 (6 K& 4F 4MJ2,M6

WRITE(NWRITE: T) €7 K7 oG +MI4 MT

WRITE(NWRITE, 8) C8 ,K8 4+H 4MH2,MB

WRITE(NWRITE, 9) (9 K9 ,P 4MH4,M9

WRITE(NWRITE,10) ClO,K10,Q,P67

WRITE[NWRITE,1Ll) CL1,K11l,R+P&2

WRITE(NWRITE.L12) Cl2.K12,5,P27

WRITE(NWRITE,13) C13,K13,T,PB4

WRITE(NWRITE,14) Cl4,K14,U,PEQ

WARITE(NWRITE,L5) Cl54K15,V4P49

WRITEINWRITE,L6) ClésKlb4N

WRITE(NRRITE,L17) C17,KLlT7,X

WRITE(NWRITE.18) ClBsK1B.Y

WRITEINWRITE,19) C1l9,K19,1Z

WRITE(NWRITE,20) C20,K20

WRITE(NWRITE,21) C21,K21

WRITE(NWRITE, 221 (22,K22

WRITE(NWRITE,23) C23,K23

WRITE{NWRITE,24) C24,K24

C

CPFHMMEPMPR PR R MM MM MM S0 B 000

[
MR=M&®MB/ (ME+MB)
SPA=S* 5¢4A
SMA=S#,5-A
EPR=E+R
TT=T*,5
FMQ=F-Q
Hil,1)=M1
H(2,2)1=M2+N4
M(2,10)=-H4%A
M(2,12)=M4%D
M(2,14)=-Mse
M2, 15)=—M4*E
M(3,3)1=M3
Ml4,4)=M5
HI5,51=MT+H9
M(5,10)=K98P
M{5,12)=-M9*Q
M{5,16)=M9%q
M5, 17)=M9*¢
Ml6,6)=M]
M(T,7)=M3
M{B,81=M5
M{9,9)=H]]



M{L10,10)=M4®ASA+HS*PSP+H]2
H{10,12)=-A®[*M4—FEQoMs
HILD,14)= M&sA®H-PLT
M{10+15)= M4*ASE
M{10,16)=MS*P*y—Pg2
H(10,17)=Mytpeg
Mill,11)=MI3
M(12,12)=M4*DsD+MGEQRQeM]4
Mi12414)=-M4*D#B
M{12,15)=-Ms*D*E-PBY
K(1l2,16)=-M3*Q=]
M{12,1T7)==MI*Q*E=PE4
M(13,13)=MI5
Mll&4,14)=H4*R*B+MR4PEP M )2
M({14,15)=M4%BSE-MR*P*Q
Ml14,16)=-P¥A®MR-F2T
MU14,1T)=HRE*P*(
M{15,15) M4 E#E+HA*CSQ+MI4
M{15,16)= MR*Q#*a
M{15,1T1=—-MR*Q*0-P49
MUl6,16)=HR*¥ASA+MSEBEB+NH2
M{16, 1T )=-A%*HR+ESECMT
MI1T+1T)=MR*D*D+MS*EXE+MHY

c
CccCcccccoccccocccocococooccecccocccceeccecocccccccceccececcocecececeoecccecceoccecceeccececcccccececccc
c
Cll,1)=CleC2+4CT+CE
Cll,2)=-Cl1-€C2
Cll,9)= We(CB-CT)+U*(C2-C1l)
Cil,10)= SPA®C1-SKA*C2
Cil,14)=-G*(C1+4C2)
Cl2,2)1=Cl+L2+4C3+L4+(5+CH
Cl2y3)=-C3-C4
Cl2,4)=-C5-C6
Cl2,9)=U%*(C1-C2)
Cl2,10)==SPA*(C1+C3)+SMAS(C2+4C4)-A%(CS+CH)
Cl2,111=U*iIC3-C4)
CL2,121=TT#[Cb6-C5}
Ct2,13)=Us*(C5-C6&}
Cl2,14)1=CLl*G+L2%G-CI*H-C4*H-C5%B~CE6*B
Cl2,15)=-EPR®{CS+(C&)
C13,31=C3+4C4+C9+C10
C13,10)=SPA=*C3-5MAa=C4
Cl3411)=W*(C10-CTI+U*(C&-C3)
Cl3,14)=C3#*H+C4*H *
Cla,a)=C5+C6+CLL+C12
Cla,10)1=A2(C5+Ca])
Cl&,12)=TT#{C5-Co)
Cl4,13)=ws(C12-C11) +U*(C6-C5]
C(4,14)=C5%B4C6%8
Cla,L5)=EPR¥(CS+CE)
C15,51=C15+CL64C15+C204C234C24
ClS,61=-Cl5-C16
Ct5,7)=-C19-C20Q
C15,8)2-C23-(24
C(5,9)=v#(Cl5+C16)
CI5,10)=CC*{C15+4C16+C19+C20)1+C23%P+C24%P
CIS,11)=Ve(C19¢C2C}
CI5+12)=(C23+C24)1%FHQ
Cl5¢13)=V*{C23+C24]



CiS,16)=-C15%G-CLe*G+C1lI*H+C20*H+C23#B+(24%B
CI5,1T)=1C23+C24)%EPR
Cle,6)=C13+CL4+CL5+CLl&
Clo6,91=Ye({C13+4C14)=y=(C15¢C16)
Cl6,10)=-C15%CC-Clbo*CC
Clb,16)=C15%G+C 162G
Cl7.71=C1l7+C1E84C1S+C20
Ci7,10)=-C19*CC-Cz0*CC
ClT,11)=Y®(CLT+CLlE)-v*(C19+C20)
ClTy16)==C19*H=-C2C*H
Cl(8,8)=C2L¢C22+C2240L24
C18,10)=-C23%P-C24%pP
ClBy,12)=-FMO#(C23+C24})
CI(Byl3)=Y*(C21+4C22)-V*(C23+4C24)
CIBy16)==B*(C23+C24)
CiBy1T)==1C23+4C24)%EPR
Cl{9:9)=W*W*ICT+CB |+ YeY* (CLILC LG} +UPUS [CL4C2)+VaVE[C15+Cl6)
C(9:101=-U*{SPA%CL+5SHMA®L2) +V*CC*(C15+C16)
C(9,1&4)=UsG*I(Cl~C2)
Cl9,16)=-V*C* (C15+C16)
C{10,10)=SPA*SPA*(C1+C3)+SHA*SMA®{C2+C4)+CC*CC*(C15+C16+C19+C201+
LA*A*({C5+CA)+P*Po((234C24)
Cl10, 11 )=-U*(SPASCI+SMA*CL)+CCHY*(CL9+C20)
Cl1l0,12)=A%TT*(C5-CH)+P&FMQ*(C23+C24)
Cll0413)=A%U*(CH-C5)+P® V*((23+C24)
Cl10,L4)==G*¥(SPA*C1-SMASC2) +H® (SPA*XCI-SMA®C4H) +A*B*[C5+CH)
Cl1D,15)=A% EPR #{CS5+C6]
Cl10,16)=-CC*0*{CL1S+CLAI4CC*H*(C1I+C20)1+P*B*(C23+4C24)
Cl10,17)=P*EPR *(C23+C24]
Cllly11)=wWHW2(CO¢CLlO)+YRYS(CLT+CLB)+U*US{C3+CA)+V*V*{C19+C20)
Clll,14)=U*H*((4-C3)
Clll,16)=v*H*(CL19+C20}
Cll12412)=TT*#TT*[CS¢CH)+FHO*FMO*(C23+C24)
Cl12,13)=-TT3UR(CS+Co)+FMQ*V#(L23+(24)
Cl12,14)=TT*#a%((C5-C6)
Cl12,15)=TT*EPR®((C5=C6&)
Cll2,16)=B*FHQe(C23+4C24)
Cll2,17)=EPR*FMQ*{C23+C24]
Cl13,13)=WeW*(CLL1¢CL2)+Y*Y*{C21¢C22)+U*USICE+COHI+VEVE(C234C24)
Cl13,14)=U*B*(C6-C5)
C(13,15)=U*EPR*((6-C5)
C{13,16)=V*E*{C23+(2&)
Cl13,1T)=VEPR*(C23+¢L24)
Cll4,14)=GoC* (CL+C2)+H*H®[C3+Co)+B*Be(L5+4C6])
Cl14,15)=B*EPR* (C5+C6}
Cl15+15)=(C5+C6)#EPR*EPR
Cll6416)=C*G*{C15+CLlE)+HeH*(C19+C201+B*8¢({C23+C24)
Cll6,17)=B*EPR®((23+(24)
ClL7,17)=(C23+C 24 *EPR¥EPR
c
CEKKKKKKKKKKK KEKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRKKKKKKKKKEKKKKKKKKKKKKKKKKK
c
K({ly 1) =K14K24KT+KE
K{ly2)=—K1-K2
Kll,9) =W (KB-KTI+L®(K2-K1} *
KElly10)=S5PA¥K | -SMASK?Z
KlLyl4)=-C¥(KL1+K2}
Kl242) =K1 +K2+KI+K4¢K54¢K5
K(2,3)1==K3-K4
Kl{2:4)=-K5-K§



K{2,9)=U*(K1-K2)
K({2,10)=-SPA®(KL+K3)+SMA®(K2+K4|-A*(K5+K&)
K(2y11)=U®iK3I-K&)

Kl2,12)=TT#{K&-K5)

K(2y13)=U*(K5-Kb6)
K(2)16)=K1*C+K2#(-KI*H-K4*H-K5%B-K&6%B
Ki{2315)=-EPR®(K5+K& )

K(3,3)=K3+K4¢K9+K10

KU(3,10)=SPAFK3I-SHARKL

K3, 11)=n*(KLIO-K9)+U*(K4-K3)
Kl3,l4)=KIeHeK&*H

K(&,4)1=K5¢+KbeK11¢K12

K4, 10)=A%(K5¢K6)

Ki(4,12)=TT#(KS-K5])

K{dy12)=we (K12-KL11)+U*{KE-KS)
Kl4,14)=K5%B+K6*B

K(4,15)=EPR*[K5+KE&)
K{5¢45)=K15¢K16+K1S+K20+K23+K24&
Ki5,6)==K15=K1l6

K(5,7T)=-K19-K20

K(5,8)=-K23-K24

K(S,9)=vs{KIS+K1b)
K{S5,10)=CC*(K15+K16+KL1I+K20)+K23¥PI1K24sP
KIS,11}=V*(K1F+K2C)

KI{S5,12)=[K23+K24 ) 2FMNQ

KiS, L3 )=Ve(K23+K24)
Ki5:16)==K15%G-K1&*C+K1I*H+K20*H+K23%B+K 2428
K(5:,17)={K23+K24]19EPR

Kl 6)=K13+K]4+K]|S+K1E
Klb6;9)=Y¥[K]13+K1&4 )=V (K]15+¢K]16)
K{6410)=-K15%CC-K16*CC

K(6,16)=K15*G+K 164G

K(TsT)=K1lT+K1B+K1G+£20
K(T,10)=-K19=*CC-r20*CC
K({Tyl1)=Y#(KLT+K1E)-Vv*(K19+K2C)
K(Ty16)=-K19*H-K2(*H

K{ByB)=K21+K22+K23+K24

K(85;10)==K23*P=K24%pP

K(8y12)==(K234K24)*FMQ
K(By13)=Y#(K21+K22)-V*(K23+K24)
K(Bylb)=—DB®{K23+KZ4)

K(Be1T)==(K23+K24)*EPR

K(9,9)=WeW® (KT+KBI4YrYS(K1I+K14)4UBUS K] +K2)+VEVE(K]IS+K]16)
K(9,10)=-U*(SPA*K]+5MA®K2) ¢VsCC*(K]1S+K]16)
K{Gy L4)=U*G*{KLl-Kg)

K{9y16)=-V*Cx([K]I5¢K16)
K(10,10)=SPA®SPAS(KLI+K3)¢SHASSMAR(K2+X4)+CC*CCHIKLIS5+K16+K19+K20)
LeA*A® (KS4KO I ¢P*PS(K23+K24)
K{1D411)=-US{SPA*KI+SMASKL ) +CCoVR(KL94K20)
K(10,12)=A*TT®(KS-K&E] +PEFHQ®(K234K24)
K({1D,13)=A%U*(K5E-KS]¢P*VS(K23+¢K24)
K{10414)=-GCe(SPASK]I-SHA#KZ ) +HE(SPASKI-SMASKS ) +A*B* (K5+K6)
K{lO415)= ASEPR®(KS+K&)
K(10,416)=—CC*G*(K1S5+K16I+CCrYH#(K]1I+K20)+P¥Be(K23+¢K24)
K10, 171=P*EPR & (K23+K24)

K(Il 1l i=WeWe(KI+K10)+ YOVYS[KIT+K1IB)eUSUS(KI+K&)eVEYE(K]1F+¢K20)
K(ll,l4)=UsH®(K4-K3)

KlL1l,16)=VeHe(K]19+K20)
Kl12,12)=TT*TT®(KS+KL)¢FEOQ*FMQ®(K234K24)
K{12,13)=-TT#US(KS+KE)+FFOUeVE (K234K24)

8k



80
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Ki12,14)=TT*B*(K5-K&)
K({12,15)=TT*EPR*(K5-K6)

K(12,16)=B%FHQ *IK23+K24)
K(12,1T)=EPR*FHL*(K234¢K24)

KIL3,13)=WewWe (KLL1+K12)¢YPYR(K21+K22)+UPUS (KS+KO)I+VIVE(K23+K24)
K(13,14)=U*B*(KL-X5]

KI13,15)=U%EPR *{(K&-K5)
Kil3,16)=V*B®(K23+K24)
K(13,1T)=VeEPR®(K2I+K24)
Kll4,14)=C¥C*(KL+KZ]|+HeH® (K3I+K&)+B*B*(K5+Kb)
K({l4,15)=B* EPHR® (K5+Kb)

Kl15:15)=(K5+K&) #EPR*EPR
Kll6,16)=G*G*[K154K16)+H®H®(K]19¢K20)+B*B*(K23+K2&)
K(l6,17)=B*EPR #(K23+X24)
K(L7417h=(K23+K24)*EPRSEPR

DO 70 I=1l416

N=1¢1

00 80 J=N,17

MUy 1) =M(I,J)

ClJ,y11=C(143)

KlJd, 1)=K(1,4J)

CONT INUE

RETURN

END
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BLOCK DATA

IMPLICIT REAL*BIA-H,0-Y}
COMMON/DYNAM/DI 34,340 , VALU(34,2]
COMMON/HMATHCK /AN 1T, 17),ACILT,1T),AKILT,1T)
COMMON/AL/DLULT,17),4FALLT7,1T7)
COMMON/QRDER/NMO 4N NPDNTMO,NT yNTPO NN, NTNT
COMMON/ INGUT /NREAL ¢ NWR [ TE,NPUNCH

DATA D,VALU/L224%C.00/

DATA NMO,N,NPO,NT¥D ,NT,NTPONN,NTNT/16,17,18,33,34,35,289,115&/
DATA NREAD ,NWRITE,NPUNCH/5,6,7/

DATA AM,AC,AK/B67%0.00/

END
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SUBROUTINE FORCININDREAD,NSIDE)

IMPLICIT REAL®*B(A-H,K,0-Y)

REAL*8 DCOS,DSIN
NAMELTST/FORCE/CVIT yCVITIoCIX CXyCXI4CXIT KVIT KYITTZKIX KX,KX1,
1KXT1 AL ARy WIDE,BT,GH1,GBER2, SPEED+FWL+FWR yRUNGL 4 RUNGR s NUMB
COMMON/RL/TIME(L1O)

COMMON/COSSIN/SACT34,1)

COMMON/MISC/ WLy HR+FAST ,STEPL,STEPR,AMPL, AMPR, FAZE NSTEPS
COMMON/ INDUT/NREAC ¢ NWRITE yNPUNCH

DIMENSION CICIT),CILULT)oCHIRCLT)SICLT),SITLLTI,SIITILT)
EQUIVALENCE(SAC(L1411,CI1)4(SACTEL1,2),CI1)+(SACIL1.3),CIII)
EQUIVALENCEISACULE,1),SI1,USACIL1B42]+SII),(SACILE,43),5111)
IF(NOREAD.NE.O) GC TO 10

READ(NREAD,FORCE)

WL=FHL

WR=FWR

FAST=SPEED

AMPL=AL

AMPR=AR

STEPL=RUNGL

STEPR=RUNGR

FAZE=BT

NSTEPS=NUMB

CONT INUE

IFINSIDE«EQ.2) GO TO 20

T1=WL*GH1/FAST

T2=WL*GBER2/FAST

TIME(L)=DSINITL)

TIME(21=DCOSITL)

TIHME(A]=DSINIT2)

TIME(4)=DCOSIT2)

Tl=WR*GHL/FAST

T2=WR*GCBERZ2/FAST

TIME(S)=0SINIBT)

TIME(6)=DCOSIBT}

TIHME(T)=DSIN(BT+«T1)

TIME(B)=0COSI(BT«T1)

TIME(91=DSIN(BT+T2)

TIME(10)=DCOSIBT+12)

AW=AL*WL

CIf{l)=AwWeCVII]

CI(9)=-wIDE*CI(1)

SIt1)=AL*KVII

SIt9)=-mIDE*SI(1)

CII(3)=AweCIX

CIT(11t=—wWIDE®CII{3)

SIII3)=K[X*AL

SIT({lL)=-wIDE®SII(3)

CIIT(4)=CXI*AW

CIIL(L3)=-WIDE*CII1I{4)

SITHI4)=AL®KK]

SITT(13)=-wlDE*SI1I(4)

RETURN

AW=AR®WR

CI(l)=aweCVITI

CI(9)=wWwIDE*CIC(L) X s

SItl)=ar*kKVIII

SII9)=WIDE®SI(1)

CITL3)=AneCX

CITC11)=wWIDE*CII(3]



SIT(3)=ARSKX
SINLLI1)=wIDE®*SII(3)
CIIl(4)=AmeCXI]
CITI(13)=WIDE®CIII(%)
SIITt&)=AR®KXI]
SINT(13)=wWwIDE®SI1I(4)
RETURN

END
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GBsessEcessassaaseEsattosssusess st sstrsecsasantisnnsnsesssnnaansesDGELGOO2

DGELG203

SUBROUTINE OGELG (THIS IS ONE OF THE SUBROUTINES IN THE IBM

SYSTEM/360 SCIENTIFIC SUBROUTINE PACKAGE).

DGELGOOS
PURPOSE DGELGOO®
TO SOLVE A CENERAL SYSTEM OF SIMULTANEOUS LINEAR EQUATIOMS. DGELGOO7
DGELGDOB
USAGE DGELGOQ9
CALL DGELGIR,A,M,N,EPS, IER) DGELGO10
DGELGO11
DESCRIPTION OF PARAMETERS . DGELGO12
R - DOLBLE PRECISION M BY N RIGHT HAND SIDE MATRIX DGELGOL13
(DESTROYED)s ON RETURN R CONTAINS THE SOLUTIONS DGELGO14
OF THE EQUATIONS. DGELGO15
A = DOLBLE PRECISION M BY M COEFFICIENT MATRIX DGELGOLG
(DESTROYEC). DGELGOLT
M - THE NUVMBER OF EQUATIDNS I[N THE SYSTEM. DGELGOLSB
N - THE NUMBER OF RIGHT HAND SIDE VECTORS. DGELGO19
EPS = SIAGLE PRECISION INPUT CONSTANT wWHICH 1S USED AS DGELGO20
RELATIVE TOLERANCE FOR TEST OUN LOSS OF DGELGD21
SICNIFICANCE. DGELGD22
IER - RESULTING ERROR PARAMETER CODED AS FOLLOWS DGELGOD23
1ER=0 - NO ERROR, DGELGO24
IER=-1 - NO RESULT BECAUSE OF M LESS THAN 1 OR DGELGOD25
PIVOT ELEMENT AT ANY ELIMINATION STEP DGELGO2&
EQUAL TO O, DGELGO27

TER=K - WARNING DUE TO POSSIBLE LOSS OF SIGNIFI- DGELGOZ8
CANCE INDICATED AT ELIMINATION STEP Kel, ODGELGO29
WHERE PIVOT ELEMENT wWAS LESS THAN OR OGELGO30
EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DGELGO31
ABSOLUTELY GREATEST ELEMENT OF MATRIX A. ODGELGO32

DGELGD33

REMARKS DGELGOD34
INPUT MATRICES R AND A ARE ASSUMED TO BE STORED COLUMNWISE DGELGD35

IN M#N RESP. M®M SUCCESSIVE STORAGE LOUCATIONS. DN RETURN DGELGD3S
SOLUTION MATRIX R IS STORED CULUMNWISE TOD. DGELGD37

THE PRUCEOURE GIVES RESULTS IF THE NUMBER DF EQUATIONS M IS DGELGO38
GREATER THAN O AND PIVOT ELEMENTS AT ALL ELIMINATION STEPS DGELGQ39
ARE DIFFERENT FROM 0O, HOWEYER WARNING IER=Kk - IF GIVEN - DGELGO40
INDICATES PCSSIBLE LOSS OF SIGNIFICANCE. IN CASE DOF A WELL DGELGO41
SCALED MATRIX & ANDO APPROPRIATE TOLERANCE EPS, IER=K MAY BE DGELGJ&2

INTERPRETED THAT MATRIX A HAS THE RANK K. NO WARNING IS DGELGOD43

GIVEN IN CASE M=1l. DGELGO44
DGELGO45

SUBROUTINES ANC FUNCTIDN SUBPRDGRAMS REQUIRED DGELGO&6
NONE DGELGOAT
DGELGO4B

METHOD DGELGO49
SOLUTION [5 DONE BY MEANS OF GAUSS-ELIMINATION WITH DGELGOS50
COMPLETE PIVOTING. DGELGOS1
DGELGD52
esseseesseessstsssssentsretttusestssansssnnnsanenssenansnansnssseDGELGOS3
DGELGO54

SUBROUTINE DGELG(RsyA,¥,N,EPS,IER) DGELGDS55
DGELGO56

DGELGOST

DIMENSION AlL),RIL1) DGELGOSB

DOUBLE PRECISION R,A,PIV,TE,TOL.PIVI DGELGO59
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IFiM}

SEARC
IER=0
PIV=0
MH=M*
NM=N*
oo 3

TB=DA
IF(TB
PIV=T
I=L

CONTI
TOL=E
AL}

START
LST=1
oo 17

TEST
1FIPI
IF(IE
IF(P1
IER=K
PIVI=
J={I~
1=1-J
J=J+l
I+K 1

PIVOT
oo 8
LL=L+
TB=P1
RILL)
RiL)=

15 EL
IF{K-

COLUM
LEND=
1F(J)
[1=J*
Do 11
TB=Al
LL=L+*
AlLl=
alLL)

ROW 1
0o 13
LL=L+
Te=PI
AlLL}
AlL)=

SAVE

2342341
H FOR GREATEST ELEMENT IN MATRIX A

+«00

“

L]

L=1,MM
BS{AILI)
-PIV)3,s3.2
8

NUE
PS*PIYV :
1S PIVDT ELEFENT. PIV CONTAINS THE ABSOLUTE VALUE OF AlI).

ELIMINATION LOQOP
K=1,M

DN SINGULARITY

¥123,23,4

RITy5,7

V-TOL &1 647

-1

1.00/7A01)

1)/M

M=K

-K

5 ROW-INDEX, J+K COLUMN-INDEX DF PIVOT ELEMENT

RDOW REDUCTICN AND ROW INTERCHANGE IN RIGHT HAND SIDE R
L=K NM, M
1
VI®RILL)
=RIL)
TB

IMINATION TERMINATED
M)9,18,18

N INTERCHANGE IN MATRIX A
LST#M=K

12,12,10

M

L=LST,LEND

L)

Tl

A{LL)

=TB

NTERCHANGE AND PIVOT ROW REODUCTION IN MATRIX A
L=L5T,MM,H

1

VIizaAlLL)

=A(L)

T8

COLUMN INTERCHANGE [NFURMATION

DGELGO&O
DGELGOS1
DGELGO®2
DGELGOSY
DGELGD 64
DGELGO &S
DGELGO&S
OGELGO6T
DGELGO &8
DGELGO&9
DGELGODTO

DGELGOTL

DGELGDT2
OGELGOT3
CGELGO 7«
DGELGOT75
OGELGO T8
DGELGOTT?
DGELGO 78
OGELGOTY
DGELGOBO
DGELGOBI1
DGELGO B2
DGELGO B3
DGELGO B4
DGELGO 85
DGELGO AL
DGELGOBT
OGELGOBB
DGELGDO B9
DGELGOSD
OGELGO9]
DGELGO92
DGELGD93
DGELGO94
OGELGD95
DGELGO96
DGELGOS7
DGELGOSB
DGELGOS9
DGELGLOO
DGELG1O1
DGELGl02
OGELGLO3
DGELGLO4
DGELG105
OGELGLOS
DGELGL1O7
DGELGL OB
DGELGLOY
DGELGL1O
DGELGLL]
DGELGL12
DGELGL13
OGELGl 14
DGELG115
DGELG1l1s
DGELGLL7
DGELG11E
OGELGL19
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sl alalal

(aNalal

14
15
16

17

18
19

20

21
22

23

AlLST)=J

ELEMENT REDUCTION AND NEXT PIYOT SEARCH
PIv=0.00

LST=L5T+1

J=0

DO 16 [I=LST.LEND
PIVI=-A(II)

15T=11+M

JaJdel

DO 15 L=IST MM, M
LL=L=-J
ALLI=A{LI+PIVI*A(LL)
TB=DABS{AIL})
IFITB-PIVIL5,15,14
Plv=TB

I=L

CONT INUE

D0 16 L=K NM M

LL=L+J
RILL)=R(LLI+PIVI®*R(L)
LET=LST+N

END OF ELIMINATIDON LOOP

BACK SUBSTITUTION AND BACK INTERCHANGE
IFIM=-1)23,22,19
IST=HMeM

L5T=M+1

DO 21 1=2,K
I1=LST-1
IST=IST-LST
L=IS5T-HM
L=AIL)+.5D0

D0 21 J=IINMsM
Ta=R{J}

LL=J

DO 20 K=1ST MMM
LL=LL+1
TB=TB-A(K}*R{LL]
n=JrL

R{J}=R(K]
RIK)=TH

RETURN

ERROR RETURN
[ER==1
RETURN

END

DGELGL 20
DGELGL 21
DGELG122
DGELG123
OGELGL 24
DGELG125
DGELG126
DGELGL27Y
DGELGL28B
DGELGL29
DGELG130
DGELGL31
DGELGL32
DGELGL33
DGELG134
DGELGL35
DGELGL 36
DGELG137
DGELG138
DGELG139
DGELGLAD
DGELG141
DGELGLl42
DGELGL 43
DGELGl44
DGELG145S
DGELGL4s
DGELG147
DGELGL48
DGELGL49
DGELGLSO
OGELG151
DGELGL52
DGELGLS3
DGELGL154
DGELGLS5
DGELGLlS56
DGELGLST
DGELG1S58
DGELGLISY
DGELGL 50
DGELGls&l
DGELG162
DGELGLl63
DGELGl 64
DGELGL&S
DGELGl &6
DGELGL6ET
DGELGLl&S
DGELGLle9
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21

DN S W

SUBRDUTINE WEQUAL

IMPLICIT REAL#*8(A-H,0-Y)

REAL*3 ODSQRT

COMMON/DOUT/XCLELT) 4 XSLULT) XCRILT) 4 XSRILT)
COMMON/MISC/WL 4 WR 4 FAST,STEPL, STEPR,AMPL,AMPR,FAZE 4NSTEPS
COMMON/ORDER/NMO N ¢ NPOyNTMONT 4 NTPOWNNyNTNT
COMMON/ INDUT/NREAC «NWRITE s NPUNCH

DIHMENSION AMPMAX(LT)
00 21 I=1,N
XSIN=XSL(1)¢ XSR(I)
XCOS=XCL(11+XCRII])

AMPMAX { [ 1=DSQRT(XSIN#*XSIN+XCOS*XCOS)

WRITE(NWRITE,LLL)
WRITEINWRITE,222) FALE

WRITEINWRITE, 1) 2MPMAXI
WRITE(NWRITE, 2) AMPMAXI
WRITE(NWRITE, 3) AMPMAX(
WRITEINWRITEs 4) AMPMAX({
WRITE(NWRITE, 5) aMPMAX(
WRITE(NWRITE, &)} AMPMAXI
WRITEI(NWRITE, 7) AMPMAX(
WRITE(NWRITE, B) AMPMAXI(
WRITE(NWRITE, 9) AMPMAX(
WRITE(NWRITE,10) AMPMAX(10)
WRITE(NWRITE,L1) AMPMAX(LL)
WRITE(NWRITE,12) aMP™AX(12)
WRITE(NWRITE, 13) AHMPHAX(13)
WRITE(NWRITE,14) AMPMAX[1l4)
WRITE(NWRITE,L5) AMPMAX(15)
WRITE(NWRITE, 16} AMPMAX(L6)
WRITE(NWRITE,17) AMPMAX(LIT)

FORMAT(*Q",56X,* X1
FORMAT('0",56X," X2
FORMAT {10, 56X, " x3
FORMATI'0",56X, " x5
FORMAT('0",56X," x7
FORMAT ("D (56X, * z1
FORMAT['0*,56%,"* 73
FORMAT('0*,56X," 75
FORMAT{'O*,56X, *TFETAL
FORMAT['0G*,56X, "THETA2
FORMAT('0' 56X, THETA3
FORMAT('0",56X, 'THETAL
FORMAT('0" 56X, *THETAS
FORMAT('0',56X," FHI2
FORMAT('0",56X,* PHI4
FORMAT('Q',56X," XI2
FORMAT('0',56X," XI4

FORMAT("LY,46X,"THE MAXIMUN AMPLITUDES
FORMATI "= ,42Xy"TFE RELATIVE PHASE ANGLE(RAD.) BETWEEN SIDES IS*

1/7°0% ., 60X, 1P1ULQ3/ /)
RETURN
END

LI A | T A O (T T T (I B T T

1)
2)
3)
%)
51
&)
7
81
91

"+1P1D9.2)
'"y1IP1D9.2)
"4 1P1D9.2)
4 1P109.2)
'y 1P1D9.2)
'y1P109.2]
*y1P109.2)
'L 1P109.2)
*,1P109.2)
"y lP109.2)
*y1P109.2)
', 1P1DS.2)
', 1P109.2)
'elP109.2)
*y1P1D09.2)
'y1P1D9.2)
*y1P1D9.2)

[FEET,RADIANS)

ARE'//)
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BLOCK DATA

IMPLICIT REAL*B(A-H,0-Y])
COMMON/DYNAM/N(34,34),VALUL34,2)
COMMDN/MATHCK/AMI{L1T,17),ACELT,17)4AKILT,417)
COMMON/AL/DLILT4L17) ANALLT,1T)
COMMON/ORDER/NMO Ay NPOSNTHOSNT o NTPO NN NTNT
COMMON/ INDUT /NREAC s NWRITE(NPUNCH

DATA D,VALU/1224%C.00/

DATA NMO N NPONTFONT NTPO NN NTNT/16,17,18,33,34,35,289,115&/
DATA NREAD+NWRITEsNPUNCH/546,+7/

DATA AM,AC,AK/B86T7%0.D0/

END
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