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Chapter I
INTRODUCTION

Semi-trailer trucks are amssuming 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
incressed importance, the understanding of its vibrational characteristics
has lagged. Therefore the development of a three.dimensional model for 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 planer 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 complexity of a
"real" truck, energy methods aﬁd 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 & 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
vas 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, Fach of the six tires was supposed equivalent to linear springs
and viscous (linear) dempers 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 dempers were
assumed to be attached to the tractor and trasiler 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 positions were supposed small, so that
rigid body motions could be described by linear functions of the chosen

coordinates. _



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

such as cafgo 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 coordinate systems. Figure 1 shows a
general set of rectahgular 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 7 sxis points outward and left of the vehicle, as
defined by the driver. The verticel 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,

e reoll
X 4_//’f\\
Longitudinal K//_ Center of
direction mass
yaw
$
pitech :::
2
Transverse
Y
direction E::::::gn

Pigure 1: Rectangular axes.
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Figures 2, 3, 4, and 5 show that twenty-cne 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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Figure 3: Transverse section of tractor at front axle.
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Figure U: Transverse section of tractor at rear axle.



Section T=T

AN
s
6 «,, LS

Panar S

R(t-1,)

T

L(t-rz)

Figure 5: Transverse section at trailer axle.



*I9TTEI1 JO DTIBWRUDS [BUOTSUSWIQ X SInBTy




10

6 e
r 1 §
/\Ez |
‘ b
X6 (!Ii’ a
| KP
——— —. —
‘ s
b
T
% o o 1
f5 fpe—oe b g d
14 St h ?
¢2'{,--\\\ XT ’,f——h\\‘
P S— e
6 I )
3 KP KP
{1 ] | [
& = i 4
da d
r5 5 5
Figure T: Dimensional schematic of tractor.
Pia" A— L o
|q——— 2u e las———- 2u -———————4—r
] e
2 1 . *rL ay 3 g\ 4, |
zl : z
S L ® . i
fh *x f3 dh < d3
1 3

.

'l x t3

T 15

le : 2u 2w,1 ‘
1 ta* 5@ .?;'1

f

Figure 8: Dimensional schematic of vehicle axles,



Chapter III
MATHEMATICAL DESCRIPTION OF MODEL

Legrange's Equation

The Lagraﬁgian equations of motion are

a4 oI y o BT_+3D + 3V =gq, , [1]
at ‘3% ax ok, Ox
i i i i

where

[o"
]

Ly @5 & o o oy Dy

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

D = dissipation function,

V= potential energy function,

x = generalized coordinate,

generalized force,

ffa}
n

When linear theory is used to\qpalyze a vibrations problem, certain
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

[ a3 =]
N

1
T =3

e

11
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]
#
PO f
~1
(2]

where the mij's, kij‘s‘ and cij's are constants., OSubstituting the above into

[1] yeilds an equivalent expression in summation form as

n - .
g (minJ + cinJ + kinJ) = qi (1=1,2, ... ,n),

or in matrix form as
[mg, 100 + [eg,](X0+ [ky,]00) = {a},

where

m = BzT 3
iJ aiiai

ey = 2D (2]

3x13§J

2
3V

BxiaxJ

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

easily obtained by taking partial derivatives of the respective functions,
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Energy Functions
Referring to figures 2, 3, 4, and 5, the kinetic energy can be written

down immediately as

2 2 ol o2 2 o2 ol 3 o2
T = %’{mlxl tmox, +max, +omX, +mgXg + mXe + m,X, + mgXg +

2 2

2
L] L] [ ] L 3
Mgkg + M 2, + myZ, + mg2z. + 1161 + 1.6, +1

é2 2 al ol 2 é o 6 &
Ighs + 3,8, + 3,8, + Hpby + HE, - 2P, 8,8, - 2P;,0,4, -
2P27’:252 - 2Psuéu£q - Pag”qiu = 2P, q8 9, }. [3]
The potential energy in terms of the rigid body attachment points (see
figures 3, 4, and 5) is given by
V=g (ke lr, L(t)]1? +x (£, 1% + & [f, -R(t)]% + Xk [£, 1%+
5 7" 3y 137 3h 8 "Lv 147 4h
k[t ~L(t=t )17 + & [t 1% + k[t -R(t-t,)]% +
11" "3v 2 21" "3h 127 "4y 2

2 2 2 2
kpoldyyRlt=r )17 + Xk gla,) 17 + k [a, -d, 1% + Xk .[a, 17 +

iv
2 2 2 2
kygldg-d) 17 + k [do=d, 1% + k) [dg,-a,, 17 + K, [t,,]17 +
k. (£, =212 + k_[d. ~D(t=1 112 + k. [f. -2, 12 +
16""6h "2h 9* "3y 1 1'"75v "1v

2 2 2 2
kls[fsh"flh] * ks[t5v't1v] * kzsltsh“tlh] ¥ ks[tav’tzv] +

2
N N A R T LRL (1]

vhere the second subscripts, v and h, represent respectively the vertical and



1h

transverse displacements of the various attachment points.
Before the potentiel energy function can be written in terms of the
chosen coordinates, the displacement of a general point in a rigid body due

to small rotations is required. Consider the general point shown in figure 9

and defined by the column vector

{R} = | r .

Figure 9: Definition of rigid body point.
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The final position of point P after three successive rotations is

{r} = [2] [e] (o] (R},

where

cos £ 0 8in &

[E] = 0 i 0 N
=gin £ 0 cos (2

cos ¢ =sin ¢ 0

[¢]

sin ¢ cos ¢ 0 3

0 0 1

1 0 0
[e] = 0 cos 8 —sin @ .

0 sin @ cos 6

From theory of matrices, it is known that general matrix products are
noncommutative; thus the final 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 1f 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 g =1,
cos $ = 1, cos & = 1; and that sin € = £, sin ¢ = ¢, sin 6 = 0, 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
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order of rotations.

With the above assumptions, the new position vector is given by

1 =$ E
{R*} = b 1 -8 {R}.
g ¢ 1

The displacement of P is

{K} = {R"} - {R} ,

or in scalar form,

M|
W

- &
ry¢ rzE N

X

= B

ry rx¢ 2 (5]
}- =—rE+r3.

k- x y

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, 7, and 8) and using the equations of [5]. Substi-
tuting the appropriate relationships for the point displacements gives the

potential energy function in terms of the chosen coordinates as
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2 2 2 2
V= %_{k7[xl-w81-L(t)] 4 k13[21+y61] + ks[xl+wel-R(t)] + klu[z1+y91] +
2 2 2
k,[x +w8 ~R(t-1,)] + k,,[z ty0,] + ks[xu-r¢h-(t;2d)eu—x5+ue5] +
2 2 2
kyolx,#+hE,+e, -z 4v0,] + k) [xo=wB-L(t-t,)] + X, [z.4y0.] +

2 2 2
kg[xa—wea—L(t-tl)] + k17[z3+y83] + klo[x3+w63—R(t-rl)] +

2 2
kl[x2+g¢2-(s;23)62—x1+u81] + kls[x7—g52+c92-zl+vel] +

2 2
kz[x2+g¢2+(é;23}Bzvxl-ual] + X, [x,-gE, +cO =z +v0 ] +

2 2
klg[x7+h52+c62-z3+v03] + ku[xz‘h¢2*(sgea)az'xs'“eal +

2 2
kzs[x9+r5u+fﬂu-zs+v05] + ks[xq-r¢q+(t;2d)eu-xs—uﬂs] +

2 2
k18[23+y93] + ks[xz-h¢2-(s;2a)82—x3+u93] +

2
k[ Xg+rg +28, ~z4v0 ] 1, [6]

Since it was assumed that a viscous 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 function 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 e 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
common 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.

ﬁg Sc + Skp/ca;
KP = Sc, + SkPIQ‘ -

Equating the two expressions gives

s oumm oz

5 +8 = +8 ..
e kpfe ¢ kp/e

2]

Resolving this vector equation into its rectangular components by using the

equations of [5] yeilds the three constraint equations

Xg = ap, *dE, =x. - pp, +af, ,

x + ed, - de, = x, = b@z - a0

M B 5 *

xg - eEh + qe“ = x, + bgz + pe2 .

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

dependent coordinastes, given by
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Xg =X, - pb, +af, +qb, -4, ,

Lol
x
(1]

x, - b, - a8, - ed, + d8, , [7]

el
i

X, + bE, + pB, + eE, - q8, .
Thus the number of coordinates required to describe the motion of the vehicle
has been reduced by three,

After eliminating the dependent variables fram [6], using the equations
of [7T], it was observed that V was not a function of Xg (note this also
implies that D is not a function of %.). As described by Wells(19), the
coordinate Xg is recognized to be an ignorable coordinate, After the dependent
velocities have been eliminated from [3] by the time derivative of the equa-
tions of [T}, the Lagrangien equation of motion corresponding to the variable

Xe becomes

]

]

g
¥

y=0=m is + ma(is-p$2+afz+q3“-dfu) " [8]

JCG &

Solving [8] for §5 gives

w g

X . (psz-agz-q;u+dgu). (9]
68

Integrating [9] twice with respect to time yeilds
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m

X (pb,=ak,~gd +E,) + Cit + C, , [10]
The constant ¢, is equal to zero because the coordinate X, describes

oscillations about a fixed point and can not grow with time, BSince it was

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

the constants C, and Cz' the ignorable coordinate X, is discovered to be

equal to

m

8
% = g (Phymefymabsac,) (]

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 [1b4] respectively.

2 2 2 2 o2
T =_% {m 2] + mk, + m3 + mu[iz-b$2-a62-e&u+déh] + mx, +

mm ® ® 1 ® 2 L] ® ® ® ® ® 2
_jhﬂ_ [p¢2'352'Q¢u*dEu] + m7x7 + mg[x7*b£2+P92*e£u“qeu] +

e +mg
L) [ L) ¥ ° 2 2 (¥ 2 2
m, %, + m,Z, + meZg + Ilal + 1292 + 1383 + I“au + 1505 + J2¢2 +
T2+ HE2 e HE2 2P 8. F -op 8.4 -2 E 4
WPy 3 uby = 2Pg, 858, 6792%2 2752°2 -
EPE. e ® e @
suuly = Pgqalyt, = 2P, E. 9, by (12]
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¢ 2 . 2
V=1 {kg[xy-we =L(t-r,)] + km[x3+wea-R(t-rl)] + k“[xs-wes-l.(t-tz)] +
2

2 2 2
kyp[xgtwog=R(t=1,)] + (k g¢k, Iz 4y0, ] + (k 4k )z eye,] +

2 2
(k) gk ) [xym2 470 1 +cB,~gE,] + (k g+k, ) [x)=2 40, +vo +he,] +

2 2
kl[xz-xl+uel-62(s;2a)+g¢2] + kz[xz-xl-uel+92(s;aa.)*g(bz] +
2 2
katxz-x3-ez(sZEa)+u93-h¢2] * ku[x2-13+92(s;aa)-uaa-h¢2] +
%0 2 2
ks[xp=xs~80,- 2% +ubg-bp,~(etr)¢,] *+ k,[x,-vo,=L{t)] +
6 2 2
2

2
(ky #k,,) [z¢y0.] 3, (13]



D= é.{c
2

L ] [ ] [ ] L] [ ]
+wo -R(t= ¥ +¢ 7 + + (e +c 2 + +
clz[xs 8 ( 12)] (c13 14)[ . yell ( 17 18)[ . yss}

X =W
9[ 3

. » 2
6 «=L{t~ + 0
3 { rl)}

v e 2
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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

qgawea (izljzgiol'n)a

vwhere

the generalized farce associated with the ith coordinate

Ee]
I

=
]

total work done by external forces.,

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

foree vector becomes



2k

kyL(t) + c7L(t) + kBR(t) + cBR(t)
0
kgL(t—rl) + ch(t-rl) + klﬂR(t-Tl) + chR(t-tl)
kllL(t-rz) + clIL(t-rz) + klZR(tntz) + clzR(t-Tz)
0
0
0
0
{Q}= wl-k L(t) = c,L{t) + kR(t) + c R(t)]
o}
w[—kgL(t-Tl) - ch(t-Tl) + kIOR(t-Tl) + clOR(t-tl)]
0
w[—kllL(t—rz) - cllL(t~12) + klzR(t-Tz) + clzﬁ(tnrz)]
0
0

0

o

After the generalized forces and the energy functions were determined,

the seventeen equations of motion were written in the concise matrix form
[M){x}+ [C]{X} + [K}{X} = {q} , [15]

where the mass, demping, and stiffness matrix elements were determined by
applying the relationships of [2] to the energy functions [12], [13], and
[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
demping is to find the modal columns which satisfy the homogeneous matrix

equation

[(M){X} + [K]{X} = (O} . [16]

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

in general uncouple the matrix equation

[MI{X} + [CI{X} + [K){X} = {0} .

Thus the primary objJjective for using normal coordinates i1s lost, This
difficulty can be overcame by introducing an equivalent matrix equation called
the reduced equation,

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

was written in the equivslent form

[(AHY} + [BMY} = {F} , [17]

where

[c] [M]
[M] [o]

(4] =

25
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(k] [o]
[B] = »
[o] -[M]
I {Q}
{F} =
{0}
I {x}
{Y} = .
{x}

Hemogeneous Solution
The hamogenecus sclution of [17] is determined by premultiplying by

-[A]-l. Then homogeneous [17] becomes
~{Y} + [D}{¥} = 0 , (18]

where

[o] [1]

-]
(D] - [A] ~ [B] .
-7k - e

After substituting the assumed solution {Y¥} = {v} eAt into [18], the result is
[D-ATI]{v} = 0 . [19]

BEquation [19] possesses a non-triviel solution if and only if

det[D-)I] = 0 . [20]
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This is recognized to be the characteristic equation of the matrix [D]. The
2n(34) roots of [20] are the eigenvalues of the matrix [D]. In general, the
eigenvalues occur in complex conjugete pairs with corresponding conjugate

eigenvectors or modal columns,

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

satisfy the equation resulting from premutiplying [19] by ~[A],
Ag[Al{u}; + [BI{uw}, = {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],
T T _
AJ{u}J[A] + {u}J{B] = {0} . [22]
Premultiplying [21] by {u}g and postmultiplying [22] by {v} 4 &ive respectively
Tlal{v}, + (o)1 [Blu}, =
Agloly[al{vly + {u}y[Bl{v]y =0, (23]
A (W} [Al{v}; + {v}.(Bl{v}, = O [24]
J v J v i v J v i ®

Subtracting [24] from [23] yeilds

(Ag=2g) {0}y [A1 0} = 0 [25]
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If the eigenvalues are distinct (ki#AJ), we obtain the orthogonality relation
{u}§[A]{u}i =0. [26]

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

{Y} into a modal series of the form

2n
{Y} = J {ulyz (t) . (27]
d

After substituting [27] into [1T7], we obtain

2n 3 2n
[A] J (v}yzy(t) + [B] | (u}yzy(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
{U}T[A]{u} z,(t) + { }T[B]{ },2,(t) = (v} {F} [29]
J b e e P
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 # - T
{U}J[A]{U}J(zJ(t)-AJzJ(t)] {u}J{F} . (30]

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

J
form
zj(t) - AJzJ(t) = fj, [31]
where

= (T
fd {U}J{F} .

Assuming the initial conditions are zero, the soclution of [31] can be

written in terms of the convelution integral

t AJ(t-T)
ZJ(t) = f fJ(T)e dar .
0

Recall that

[¥]

[av]

{X(t)}

L

{x(¢)}

{(x(t)} = = [T]{Z(t)} = {z(¢)}) , [32])

vhere [¥] is the upper n x 2n rectangular matrix of the square mecdel matrix

{r].
From [32] it is seen that the displacement vector is given by

{x(¢t)} = [vH{z(t)} ,
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2n t Ai(t-t)
{x(t)} =} v}, [ e £,(t)ar , [33]
1 0
Note that since
{y} T 1 )
£ (1) = ’
1 {2y} {0}

the expression far f;(t) in [33] may be replaced by {y} {Q(7)} to give

2n t A (ter)
x(£)) =] (), [e i {w:}'f{q(r)}dr . [34]
i 0

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

form
8 Jw. t
(@(r)} = Re | J {c} e B 1,
k
where

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

information
wk = one of the S fording frequencies
] =<1

then [34] becomes
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2n t T 8 Jvkr Ai(t-r)
x(e) =] b, [ 0} (T (ch e Je dr
i o} k

°n s t t{=A 4w )+r b
= w e, Je TTF Ta, [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 t(=A,+iw )+2 t
{c} [e 150 1 g, i
r
0
t
(=) +jw )#r .t
s {C}r 1 & i r i .
mhghdw 0
Jw t Ait
={C} {e T _et) . [36]
-y +iw
i r

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

2n p 8
{X(t)} =Re | ] (v}, (v} )} {c}
i k

Ju.t At
te oo} i [37]
-J\i-i-ka :

k

When only the steady state solution is desired, the second exponential
term of [37] 1s recognized to be the transient response for the assumed zero

initial conditions., Therefore, given sufficient time,the contribution of
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At
e 1 in [37] may be ignored; thus the steady state response for sinusoidal

inputs is given by

2n p 8 kat
{x(t)} =Re | } wd, {w}] ) {cy, _e 8 [38]
i k -Ai+5wk

Alternate Determination of Particular Solution

The particular solution for the equations of motion
[M1(X} + [c]X} + [K}X} = {Q} , [39]

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

+ {q,}sin B (where B is a linear function of time), assume that
{X} = {E} cos B + {F} sin B , [ko]

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

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

.2 a
(-8 [M]{E} + B[C]{F} + [KI{E}) cos B = {q,} cos 8 ,

.2 L]
(-8 [MI{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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.2 L ]

-8 [M]+[x] |  B[c] {E} {q,}

W o g R Sl Bl R Aol I (1]
-B[C] | -8 [M]+[K] {F} {q,}

Since the tires on a given side experience the identical sinuscidal bump,
the vehicle response for a single input at the respective tires may be deter-
mined simultaneously by altering [41] to the form

' -w2[M1+[K] | wlcC] ’

el ] sl

[42]

where w is the common forcing frequency for a given side of the vehicle.
Assuming the equations of [42] represent forcing of the left side, the
solution of the 2n1hlgebrain equations gives the response of the vehicle as
{x} = {El} cos wt + {Fl} sin wt + {Ez} cos (mt-rl) +
{Fz} sin (mt-tl) + {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,} 8in 1, + {Ej} cos 1, = {F3} sin 1,,

{s} = {F;} + {E,} sin 1| + {F,} cos 1y + {E3} sin 1, + {F3} cos 7,,
it can be shown that [U3] is equivalent to

{X} = {R} cos wt + {S} sin wt. [Lb]

Following the same procedure as given sbove, 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} sin w t + {R} cos w t + {8} sinw &, [45]
L L L 4 r r r r

where the subsceripts 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 methed
and the undetermined coefficients method discussed in chapter IV. The followe
ing parsgraphs include a discussion of the output for the twe programs along

with a brief description of the numerical methods employed.

Reduced Equations Program

The vehicle parameters (springs, dampers, masses and characteristic
lengths) are read into the progream 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 damped 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 equatibn [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 1,

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

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

35
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THE N UNDAMPED CIRCULAR FREQUENCIES ARE

3.3101152642670590 00
6.726432012399262D 00
845160046452790790-00
1.0006333740397800 01
1.0894043010320810 01
1.467898336854767D 01
2.028969153925486D 01
2.113439555437766D 01
3.2176894694621080 01
3.702877707342676D 01
3.7809286794358090 01
4.2580381661623450 01
4.4859043734842520 01
5.7976935911773220 01
6.8485182855290340 01
6.942691803003756D 01
8.202576240139486D 01

THE ERROR IN THE EIGENVALUES IS COMPARABLE 7O
1.0482861823122200-11

Figure 11: Undamped netural frequencies.



THE

THE N DAMPED.COMPLEX CONJUGATE EIGENVALUE PAIRS

REAL PART

-6.9773653672883580-03
-6.9773653672883580-03

-2433228024426425D~-02
~2433228024426425D-02

-2.620388770238901D-02
~2.620388770238901D-02

-B8.605615222299350D-02
-8.6056152222993500-02

-9.9247878849819810-01
-9.924787884981981D-01

-1.865423224962665D-01
-1.8654232249626650-01

-1.04B82292492139300 00
-1.0482292492139300 00

-2.475289146000497D~-01
-2.4752891460004970-01

-2.1942993701019390 00
-2.1942993701019390 00

-4.360803660253532D 00
-4.3608036602535320 00

-2,0645982989079530 01
-2.0645982989079530 01

-7.2289196896387350-01
-T.2289196896387350-01

-1.063615812073526D 00
-1.063615812073526D 00

-1.769412451678008D 00
-1 T694124516780080 00

-2.690821992762824D 00
-2.690821992762824D 00

-2.6238911273365200 00
-2,6238911273365200 00

-4,0648459923170230 00
~4.064845992317023D 00

IMAGINARY PART

3.310119819904249D
=3.3101198199042490

5. T7266T7T81536936400D
-6, T7268678153693640D

B.5168190420618240D
-8.516819042061824D

1.001290943392688D
-1.0012909433926880D

1.1107758774T764420
=1.1107758774 764420

1.468319147763928D
~1.4683191477639280

2.0441772859850400
-2.0441TT2859850400

2.11422864G8377300
-2.1142286408377300D

3.3112755323788400
-3.3112755323788400D

3.5942189220008950
-3.5942189220008950

3.6089728559998700D
-3.608972855999870D

3,713737221178032D
~-3,7T13737221178032D

4,485141758916870D
-4,485141758916870D

5.793561668086176D
-5, 793561668086176D

6.0840986622337274D
-6.8409866223372740D

6.936841336596851D
-6.936841336596851D

8.191993220959171D
-8.191993220959171D

ERROR IN THE EIGENVALUES [S COMPARABLE TO
1.0482888046253880~13

Figure 12: Damped eigenvalues.
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THE MAXIMUM AMPLITUDES ARE

THE RELATIVE PHASE ANGLE IS
0.0

XL = 3.59D-02
X2 = 1.170-02
X3 = 6.25D0-02
X5 = 4.99D0-02
XT = 2.,67D-13
Il = 2.270-12
23 = 1.300-12
I5 = 6.950-12
THETAL = &.24D-13
THETAZ = 1.53D-13
THETA3 = 5.19D-14
THETA4 = 9.600~-14

THETAS = 5.640-12

PHIZ = 3.77D-03
PHI4 = 2.120~03
XI2 = 4,270-14
XI4 = T.68D-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
progrem, 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 solufions 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 MAXIYUN AMPLITUNES (FC@T,RATTANS) Akt

THE RELATIVE PRASE ANCLU(RAL.) BSTWEEN SIDES IS

Cat

X1 = 3.,39Db-0¢

X2 = 1.17D-C2

X3 = 6.25D-72

X5 = 4.59D-L;

kKT = L.C

I1 = 0.C

3 = L.

159 = 0.5
THETAL = .7
THETAZ = 0,0
THETA3 = 7.0
ThiTAg = 2.3
THETAS = 7.G

Fhi2 = 3.770-713
PEI4 =  2.120-.3
xfz = ¢€.¢

Xla = 0,0

Figure 16: Maximum smplitudes for the coordinates using
the method of undetermined coefficients.



Chapter VI
RECOMMENDATIONS AND CONCLUSIONS

Recommendations

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 a 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 solutions 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 completed using this
three-dimensional model. Bode plots similar to those presented by Potts (1k)
could be cbtained for this three dimensional vehicle with few additions to the
current programs.

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 aqd ;ight sides of the vehicle could also be
studied with small modifications to the present programs., Bode plots of the
above phenamenon, considered separately or combined, would give a vivid display
of the vehicle's response.

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

Dugoff (2) examined the lateral stability of highway vehicles due to sero-

by
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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 functions.

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

Since road profiles represent a random phenomenon, & random vibrational
snalysis might give the most practical information sbout 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} = z {w}i{Q}{w}l
i Jw-ki

vhere {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 required by the undetermined
coefficiente program if far less for up to twenty separate solutions. 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 program cen 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 author
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 contrel.
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®k, fortran varisbles correspond to the subscripted parameters defined in
the nomenclature (e.g, K1l = 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 = k7). The

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

AL = gmplitude of left side sinusoidal rosd (feet)
AR = gmplitude 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 sinusoidal road relative to the left

sinusoidal road (radians)

GH1 = longitudinal distance fram tractor front axle to tractor rear
axle (= g+h, feet)’
GBERZ2 = longitudinal distance from tractor front axle to trailer axle
(eg+b+e+r, feet)
SPEED = vehicle speed (feet/second)

FWL = left sinusoidel frequency (radians/second)

FWR = right sinusoidal frequency (radiens/second)

k9



2N gl sl

IMPLICIT REAL#8 (A-H,0-Y),COMPLEX *16(Z)
COMPLEX#16 DCMPLX,COSQRT,DCONJG '
COMMON/COMX/ZVEC (35, 34)
COMMON/DYNAM/D(34,434) ,2VALU{3442)
COMMON/MATMCK/AM(1T517) 4AC(L1T,17),AK(17,1T7)
COMMON/AL/ DLI(17,17),AFALLT,1T7)
COMMON/ZRIDE/ZRIDL(17),ZRIDR{(1T)
COMMON/ ZROAD/ZCL (615 ZCR{6)
COMMON/ORDER/NMO Ny NP0, NTMO,NT NTPO o NNy NTNT
COMMON/ INOUT/NREAD y NWRLTE s NPUNCH
COMMON/RIPPLE/NAVEL , WAVER , FAST, AMPL , AMPR , FAZE
CALL DEFINE
CO 2 I=1,N
00 2 J=1,N

2 AMALJ, T)=AM(J, 1)
CALL MINV(AM,N,NN)
CALL GMPRD{AMyAK,DLyNyNyNyNNyNNyNN)
00 1 I=1,N
LLR=[+N
00 1 J=1,N

1 DILLR,J)=-DL(I,J}%1.D-2
CALL FRANCI(DLyVALUsN,ANORMyN)
CALL ARANGE (VALUyN,NMO,NPO,1)
ERR=1.110223D-16+ANORM
WRITE (NWRITE,7) ERR

CALL GMPRD(AM,AC:DLyNsNyNsNNyNNsNN)
DD 11 I=1,N
LRR=T+N
00 11 J=1,N
LRC=J+N
11 D(LRRsLRCI==DL{I,J)*1.C=2
DO 22 I=1,N
IPNC=I+N
22 D{I,IPNCY=1.D-2

DETERMINE DAMPED EIGENVALUES AND EIGENVECTORS

CALL FRANCI(D,VALU,NT,ANORMyNT)
DO 300 I=1,NT
VALULT 1) =VALU(I,1)*1.02
300 VALUILT42)=VALU(I,2)%]1.C2
CALL ARANGE( VALU,NT,NTMO,NTPO,3)
ERR=1.110223D-16*%ANORM
WRITE(NWRITE+7) ERR
DO 43 J=1,NT,2
DO 33 I=1,NT
33 ZVEC(I,4)={1.D0,1.D0} .
IVEC(35,J)= DCMPLX(VALU(J-Ii.VALUlJ.Z!I
43 IVEC(35,J+1)})=DCONJG(ZVEC(35,J))
CALL VECITR
CALL BIORTH
WRITE(NWRITE,155)
155 FORMAT(®1®435X, *THE DAMPED EIGENVALUES AND THEIR ASSOCIATED®
1,1X+ *"EIGENVECTORS ARE"})
DO 133 J=1,NT,2
WRITE(NWRITEy144) ZVEC(NT+1l,J),ZVECINT#l,J+¢1)

50



144 FORMATI(°0°,10%¢1P2D25.15510X,1P2D25415)

WRITE(NWRITE,146)

JPO=J¢1

WRITE(NWRITE,1122) J+JPO
1122 FORMAT('D® ,38X,12:58X:1277)

D0 134 M=1,NT

134 WRITE(NWRITE.145) ZVEC(MyJ)ZVECIMsJ+1)

145 FORMAT({®* °,10X,1P2D25.15,10X,1P2D025.,151}

133 WRITE(NWRITE,147)

147 FORMAT(v1°}

146 FORMAT(//77)

T FORMAT(®=%,42X, *THE ERROR IN THE EIGENVALUES IS COMPARABLE TO®
17° ®454Xe 1PD24,15)
NOREAD=1
CALL ROADIN{ZWL,ZWRoWLoWR;NOREAD)
CALL RIDE(ZWRZWL ¢NT¢N}
WRITE(NWRITE;179)
179 FORMAT(®*1®)
WRITE(NWRITEs210) FAST
WRITE(NWRITE; 1901
WRITE(NWRITE,178) WLsHR
WRITE(NWRITE,3000) AMPL,AMPR
3000 FORMAT(®-*,25X,*THE AMPLITUDE (FEET) OF THE LEFT AND RIGHT®
lilx;'S!NUSDIDAL PATHS ARE RESPECTIVELY'/%0'4T7X,1P20154%1)

190 FORMAT{®*=*,10X,*THE SINUSOIDAL FORCING FREQUENCIES (RADIANS/SEC)°®
1ol1Xe *FOR THE LEFT AND FDR THE RIGHT SIDE WHEEL PATHS ARE®
21Xy YRESPECTIVELY"}

210 FORMAT(® °®,30X,*THE SPEED (FEET/SECOND) OF THIS VEHICLE®"

1elXe*1IS EQUAL TO®,1P1D12.4)

178 FORMAT(®DY 335X, "WL=olP1l022.15,10Xs*WR=",1P1lD22,15)

WRITE(NWRITE,4} WAVEL:WAVER

4 FORMATI%=9 25X, *THE WAVELENGTH OF THE LEFT AND RIGHT SINUSOIDAL?®
lelXo "DISPLACEMENT FUNCTIONS ARE RESPECTIVELY'/°0Q",40X,1P2D25.10)
WRITE(NWRITE,177)

177 FORMAT{®D® 425X, 'OUTPUT(I) = A(I)*COS{(HLET) + B{IJ}ESIN(WL*T) + °*
LolXo *COIV=COS{WR%T) + CULI)®SINI(WR%*T}?)

180 FORMATI(®0",1P4D30.15)

HRITE{NWRITE,181)
181 FORMAT{ "= o 17X "A(I) Y26 X, *BIL)*426X,°ClE) "26X°D(L1)0)

00 149 T=1,N .
149 WRITE{(NWRITE,180) ZRIDL(I),ZRIDR(I}

DIFFER=DABS (WL-WR)

IF{IDIFFER«LE«-1laD~-7) CALL WEQULZ

sTOP

END
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SUBROUTINE DEFINE
REAL*B MyCeK
REAL ®4 ML M2 ;M3 ML M5, M, MT,HB, MO
REAL %4 MIL1,MIZ2oMIB MIGeMIS MI2,MIb, HHZ-HHﬁyPﬁT'PﬁZ'Pvapﬂﬁgpaﬂu
UP49
REAL #4 KLloK2Z K3 Kb K5 Ko KToKBsKIyK10, K11 K12,K13,KL4KL5. KL
REAL *4 KLT7eKIB:K19,K20,K21,K22,K23,K24
COMMON/ INOUT #NREAC s NWRITE , NPUNEH
COMMON/MATMCK /MELTolT)pCULT o1 T)KLLT,1T2
NAMEL IST/MASSES/MI o M2yMI  MA MGy M6, MT MB: M9
NAMELTIST/INERTA/MIL+MIZoMI3 MI4oMIS \MI2eMIb MHZ MHEG
IPET PO2,P2T, P84, PET P49
NAMELISTIDAHPERIEI.rz.C3.C&.C5.CﬁgCT.CE.C?.ClB.CI1.C12sC13.614,C15
1eCl6,C17,C18,C19,020,C21,C22,C23,C24
NAMELTST/SPRING/KL yK2 KA K& gK5 qKEeKToKByKIe K10 K11 K12, K13, K1 %:K15
LoKlboK1T,K1BoK19,K20,K2L,K22,K23,K24%
NAMELIST/DIMEN/ABsCCeDsEoF3GyHoPyQoR o SoaTeUs VoMYl
READINREAD,MASSES)
READINREAD, INERTA)
READINREAD ,DAMPER)
READ(NREAD, SPRING}
READINREAD D] MEN)
30 FORMATI*1°%,T43,*FCR THIS SEMI-TRAILER TRUCK THE CHARACTERIZING®
17 '.TSB,'PARAHETERS ARE AS FOLLOWS.*////)
40 FORMAT{® *,T14,"DAMPERS?,T40, *SPRINGS",T460, *DIMENSIONAL LENGTHS'
1.T87|'MASS MOMENTS OF ENERTIA®,Tl20,*MASSES®)
60 FORMATI(® ",TL12,"({KIP=- SEC/FT I 4 T40, " (KIP/FT), Y68, " EFT)T, TOL,
LY (KIP-SEC*#2-FT)°, TILS, " (KIP-SEC*%2/FT1"}
1 FORMATI'0" pT1Lp*Cl="pELl3.6¢T3T4 "KL="4EL13.6sT64,"A="yEL13a6,T90,
1'MIL="yEL13.6+TLLG,"ML=",E13.6]) - .
2 FORMAT('0"yTLl14°C2="9ELl3.6,T37T, ' K2=2"4E13.b,TO&4s"B=V4E13,6,T90,
29MI2="E13.6,T1lb6,"M2=",E13.6])
3 FORMAT('0"sTLlL+°C2=*E13.6,T379"K3=7,EL3.6¢T63,°CL="3E13.6,790,
JIMII=®,E13.6,TLL6,"MI=* E13.6) ’
4 FORMATI('0®,T11,°C4=",E1l3.6, T37.'K#*'.E13-5'T64|'DS"Ellqbifgo.
GOMI4=" EN13.6,TLLE,"M4=" ,E13.6)
S FORMAT('0°', T1Ll,'CH=793E13.6,T37, "K5="* vEL3abs Thh*E=" yE13.6,T90,
5PMIS=® jFE13.6,T116,"M5=%,EL3.6) ;
G FORMAT("0"T11, CE="9ELl306,T37,%Kb=" jELIaboTEh"F=",E13,.6,T90,
GPMI2=9 3 ELl3o6eTl1l6,"ME="E13.06])
T FORMAT{'0® 4 ThLe®CT="4E13.05T3Tp " KT=' 3 ELYabyTOG "G="oELl3.6,T790,
ToMIG=% E13ef,T11b,"MT=" E1l3eb )
8 FORMAT('0°sTLL,o*CE8="4ELl3.64T3Tp "KB="4EL3eb6,T64, °H=9EL35,6,T90¢
BYMHZ=% EL3.6,TLl6, "HB=' ,E13.6) .
9 FORMAT['Q®,TLlL,o"CS="4F13.6,T37,°K9=")EL3ab,T64,"P=",E13,.6,T90,
FOMHA=* yE13.6,s TL16, "MI=* EL3.5])
LO FORMATI(®O0'+TL0,°ClO="4EL3uf, T30, "K10="yEL3, 6;764.'0='.E13.6.700|-
2°P6T=*4EL3.6)
11 FDRMAT['O':TIG.'CII='1El3-6nf36"K11='|E13.b'164|'R="EA3J6.T90.
2%P62=",ELl3.8)
12 FDRMAT['D'.TIG-'CIZ"r513-6|736"K12"|El3obrT64|'S='rEl3-6|190'
2°P2T="4EL3.6)
13 FORMAT(®°0°, TLhOs"Cl3="3EL13.64T36,°K13="E13.0,Tb4,"T=' jEL3,6,T90,
2°PB4="4EL13.6)
14 FORMAT{®0",T10,°Clé="E13.6,T36, " KLé=',E13.6,Tbé4, "U=",E13,6,790,
2'PB9=",EL3.6]
15 FURHAT('Q'.T]G.'C[5 *yE13, 6'736|'K15="513.6.T66"V="E13.b,1q0'
2°P49=" 4E13.6)
16 FURHAT('D'ITIO.'C|6='IE13.6'T369'K16='1E13.53T64c'H"'El3ubi
17 FORMAT(0" ,T10s CAT="4E13ebsT3I6 " K1T="4EL3 ot Tohy " X="E13.6)
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C

FORMAT('0' o TLO,°C18=" yEL13e6,T36,°K182" jEL3.6,Tb4,°Y=",E13.6)
FORMAT(®0® 4 TLO0,%C19=" yEL3ab,o T30, "K19=" 4EL3. b, TEGy"2="4EL13.6)
FORMAT('0"3TL10,°C20="yELDab,T36,%K20=",EL13.6)
FORMATI®0*3T10,°C21="yEL3ab,T36,°K21=*4E13.6)
FORMATL'0®yT10,°C22=*yE136+T36,*K22=%,E13.6)
FORMAT (0" yTL0"C23="4E13.6:T36,"K232"4E13.86)
FORMATI®0® o TL0¢"C24=" yEL13aboTA6,y "K24="1EL36b)
WRITE(NHRITE, 30}

WRITEINWRITE,%0)

WRITEINWRITE,60) .
WRITE(NWRITE, 1) Cl +K1 sA ,HILl,Ml
WRITE(NWRITVE, 2) C2 +K2 o8 oMIZ,M2
WRITE{NWRITE, 3) C3 ,K3 4CC,MI3,M3
WRITEINWRITE, &) C4& +K& oD yMl4,VF4
WRITEINWRETEe 5) C5 ¢K5 sE 4MI5.VMS
WRITE(NWRITE, 6) C6 oK6 oF sMJ2,M&
WRITE(NWRITE, T) C7 oKT7 oG sMI&,MT
WRITE(NWRITE, 8) C8 4KB sH ,HHZ2,M8
WRITE(NWRITEs 9) C9 4K9 4P ,MH4, M9
WRETE(NWRITEsLO) CLOsKL04+Q,P&T
WREITEINWRITE,11) Cl1,K1LsR,4P62

WRITE(NWRITE,12)
WRITE (NWRETE,13)
WRITE(NWRITE,l%)
WRITE(NWRITE,L15)
WRITEINWRITE.L6)
WRITE(NWRITE4LT7}
WREITE(NWRITE, 181
WRITE(NWRITE,19)
WRITE(NWRITE,20}
WRITE(NWRITE,21}
WRITEINWRITE,22)
WRITE(NWRITE,23)
WRITE(NWRITE 424)

MR=M&*MB/ (M6+MB )
SPA=SE,5+A
SHMA=S5#,5-A
EPR=E+R
TT=T*.5
FMQ=F=-Q
Mileld=M1
Hi2,2)=M24HM4
Mi2:10)=—Ha*A
M{2,12)=M4*D
H{2,14)=—Ma*p
MI{2y L5)=-Ma*E
M(3,3)=M3
Ml4e4)=M5
M(5:5)=MT+M9
Mi15,10)=M9%P
M{5,12)=-M9%Q
H{5,161=M9%R
H{5,171=M9#E
Mlbe6)=ML
M{T,7T)=M3
Mi8,B)=M5
M{9,9)=MI1

Cl2.+K12,5,P27
C134K13,T,PB%
Cl4,Kl4,U,PB9
Cl54K15,VeP%9
Clo,KlbsW
Cl7:+K174X
C1BsK1BsY
Cl9,X 192
C20,K20
C2LlyK21
C22,K22
€23,K23
C24,K24

’3



HMU10,10) =M&a*ARA+MIEPEPEN]2
M{10¢12)==A%D*ML=P RQ*NI
M{LlDyl4)= Ma*ASB-P6T
M{10,15)= PoaEASE
M{10,16)=M9*P*B~PH2
M{10,17)=MI*P%E
Mill,11)=MI3
MUL12,12)=M4*D*D+MI*Q*Q+M] 4
M(12,14)=-M4+D*B
M{12,15)==M4*DeE-PBI
M{12,16)=-M9%Q*B
M({12,17)=-MI9%Q®*E-P B4
M({13,13)=MI5 ;
M{léylbl=MakBrp+MRE=PEP+M 2
M{l4,15)=M4¥BRE=-MR*P*(
M{14,416)=—PkA®MR-P2T
M{l4,1T)=MR®P#D
M{15,15)=M4*ESE+MREC*Q+MI4
M(15,16)= MR#Q*A

M{LS 41T )I=—MREQ*L-P4H9

M{LE ¢ 16 ) =MREAXA+MGERBEAEMH2
M{16417)=—A%D*MR+B*E*M9
M{L7+17)=MRED*D+MGEE*E+MHS

C
(o ol oL o o of o i of o . o ] o o o o oL 1 o o o o o o o o o o o o o o . o o o o o ] o ] o o o o o o o o of o o o o % o o of o o o of o o1 o o i of o] o o o o1 %
c i

Cil,1)=Cl+C2+CT+CH
Clley2)==Cl-C2

Clly9)= W*(CB=-CT)+U*(C2-C1)
Clley10)= SPA*CL-SVMARC2
Cllyl4)=-G*#(CL+C2)
Cl2,2)=CL4C2+CA+C4+L5+CH
Cl2+3)=~C3-C4

Cl(244)=-C5-Co

Cl(2,9)=u*(Cl-C2)
Cl2,10)==SPA*(C1+C3)+SMA®(C2+4C4)=A*({CS5+C6)
Cl2yL11=Ux(C3-C4)
Ci2412)=TT*(C6~C5)
Cl2Zy13)=U%iCS-CHI
Cl2y14)=C1%G+C2*%G-C3*H-C4¥H-C5%B-C6*B
Cl2415)=—~EPR*(C5+C6)
Ci3,31=C3+4C4+C94C10
Cl3,10)=5PA%CI-SMA*C 4
Cl3,11)=WE{CLO=-CI)+U=({C4~CI)
Cl3,14)=C3*H+C4*H
Cla,4)=C5+C6+C1L1+C12

Cléue 1O)=A*(C5+L6)
Cl4,12)=TT®*(C5-Cb)
Cla,13)=W*(Cl2-ClLl1+UBLC6-C5]
Cl4y14)=CS5*B+C6*R
C{4y15)=EPR*(C5+CE&)
Ci5,5)=C15+C16+CL5+C20+C23+4C24
C(5,6)=-C15-Cl6

Cl5, T1==C19-C20
Ci5,8)=-C23-C24
C(5,9)=Vv%{C15+C1l6)
Cl5:10)=CC*(CL5+C16+4C19+C20)+4C23#P+C24%P
CiS,11)=ve(C19+C2C)
Cl5,12)=(C23+C24)%*FMQ
Ci5,13)=v*{C23¢L24)
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C

C{S¢16)=~CLl5%G-CLE*G+CLI®H+C20%H+C2I*B+L24%B
Ci5,17)=(C23+C24)¥EPR

Cléeb)=CLI+CLA4+CL5+C 1S

CleeFl=¥R(CL34+CL4)-V*(CL15¢C18)

Cl6,10)=-C15#CC-C16%CC

Cl6:16)=CL5¢G+C16%G

CUlTeTI=C1T7+C1B+C15¢C20

Ci7y10)==C19*CC-C20%CC

ClTelll=Y®R(CLT+CLlB)~V*{C19+C20)

CiTp16)==C19¥H-C2C*H

ClBeB1aC214C22+C234024

CUBy10)==C23%P-C24%P

CiB 12V =-FMQ*{C234C24)

ClByl3)=¥*({C2L¢C22)-V*(L23¢C24)

CiByLb)=-Ra([23¢C24)

CiBy1T7)=~{C23+L26)%EPR
C(9.9)SHOH*ICT*CGI+Y‘Y'1C13+CIQJ+U*U*IC1+621+VOV*ICIS+C1¢I
C{9:10)=~U*{SPASCL+5MARC2 I +V2LL*(C154C 161
Cl9:14)=UsG(CL=C2)

Ct9 16)=~VaG¥(CI5+C16)
ctlu.lOl-SPArSPA'lcl+63|6SMnGSMA*IC2+64)+CC*GC#ICIE+CI6+CI9+C2G!+
LAAS{CS+CO)+P*PH(L23+C24)

Cll0, L0 ) ==Uk(SPA®CI+SMA*CL)+CCRVHICL19+C20)
ClLl04L2)=A8TTR(CH-CoILPAFMQE{C23+(24)

Cl10,13)=A%U*[CE~C5 +P% VY*(C234(2%)

Cl10,14)=—G*(SPA*C]~ 5MA#C2)+H*ISPA¥C! SMARCSH ) +A¥B®{CS+CH )
Cli0,15)=A% EPR (C5+4CH)
Cll0416)==CC*G*{CIS+C161+CCRHEICLI+C20)+P*BR{L234C24])
C{l0,17)=P*EPR H(C23+C24)

ClLls L1 )=WeW*ICA+CLO)+Y2Y*{CL1T+C1B)+USU*[CI+CH)+VeVFICLI+C20)
Clll,14)=UsH*{C4-C3])

Clll,16)=v#H*(C194C20)
Cl12¢12)=TVETTH(CE+CE)+FMQFFMQE(C23+C24)
Cl12,13)==FT+U*{CS5+CHI+FMQ*Y*(C23+C24)
Cl12,14)=TT*B*(C5-CH)

C{12,15)1=TT*EPR*(L5-CH)

C{l2.,16)=B*FMQ*(CZ23+L24)

ClL241T7)=EPREFMQ*{C23+C24]

Cll3, 1) =WeWk(CLLI+CL2I+YoYR{C2L+C22I4UsUR(CE5+CH)+VFVHIC234C24)
Cll3,14)=y*B*(C6~-CS) ]

Cl13,15)=U=EPR*{CE~CS)

Cil3,16)=v¥Bx(C23+4024])

Cil13,17)=V*EPR*(CZ3+L24)
Cll4,14)=GoG*{CL+C2)¢HUHR(C3+C4)4+B#BR(C5+CH)
C{l4,15)=B*EPR*(LC5+C6)

Cl15,151=(C5+C6) #¥EPR¥EPR
Clibelo)=GoGa({CL50CLE) ¢ HIH*(C19+L20)+B*B#(C23¢C24)

Cllo, L T)=B*EPRE(C23+C24)

Cl17,1T7)=(C23+C24)*EPR*EPR

[+
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Kile L) =K1+K24KT+KE
Killy2)=-K1-K2

K{le9) sWE[KA-KT)#LE(IK2-K1)
K{ly 10} =SPASK ]-SHA®K2Z
Kilalbl=—GrIKL4K2}
KL2o292RivH24RIPRAIRI 4N
K{Ze3)==KI=-Ké
K{2p%)m-K5-K&

25



Ki2,9)=UniKLl-K2)
K{2,10)==SPAR{KI+KI )+ SMAS{KZ+KE ) -AEIK5+KE}
Ki2ell)=U®(K3I=K&)

Ki2,12)=TTR{KH-KS)

K{2y13)=Us(K5-Kb)

K129 14)=KLeGH+K2#G-KISH-K4*¥H-K58B-K6%8

K25 15)=~EPR® (K5+Kb)

K(3:3)=K3+K4+KF+K1D

Ki3s10)=5PA*KI=SMARK G

K311 =W# (KLO-KI)+UR(K&4~KF)

K3 14)=KI*NH+ KL *H

Kby 4)=KS+KE+K]11#KE2

K4y 10)=A%*(K5¢K6)

Kiby 121=TT#(KS=KED

Ki4e13)=wo (KL2=-K11)+U®(K&=~KS5)
Ki&ylé)=K5*B+K6%8

Kl4;15)=EPR*(KS+KéE)
K{5;5)=K154¢K169K15¢K20¢K23+K24&
K{5:6)=-K15~K1&

(S, T)s=KL9-K20

K{S:8)=-K23=K24

K{5:,9)=v8{KL5¢K16}
K{Se10)=CCR({KIS+KI6+¢K194K20) 4 K2I%P2K24%P
K{Ss11)=v#(K19+K2C)

K€5,12)={K2I+K241*FMQ

K{5:13)=v&[K23+K24]}

KIS 16)=-K15%G-K LEXG+K1FBH4K200H+K23+B+K 244D
K(5417)=(K23+K24)9EPR
KiGeb)=K13+K14+K15¢K1 6
Ki6s91uY®(KL3+KL4)-VE{K154KL6)
K{by10)==K15%CC-K16%CC

K{bs 16)=KL15*G+KL69G

KETyTh=KLT+K1B+K1G+K20
K{Ty10)s=K19CL-K2(F¥CC
KETy110=Y*(K1T+K1E}-v*{K19+K20)
K(Ts16)==K19¥H~K2C *H

KiByB)=K214K22+K23+K24

E{8;10)==K23%p-K24%P

Ki8s12)==(K23+K24)*FMQ

KBy 13 =Y o (K2L+K22)-VE[K2I4K24])
KiBy16)=~B#{K234K24)

Ki8s 17)==(K234K24)EPR )

K9 Q) =WEWe (KT+KB)+YEVEIK]II4K 14 ) +UBUE{KLI+K2) 4 VEVH(K]15¢K1 6}
KI9:10)==Us [SPASKL#SMASK2 ) ¢y#CCH(K154K16)
Ki9s 14)=URGHIKI-KZ]

K9 16)==VaGE{KL5+K16)

KILD, 10I-SPA*SPAClNl+K3)+SMA*5MA¥(K2+K4)fEC*CC'(KlStKlBtK19+K201
l‘ﬁ*ﬁ'tKS'KbI+PtPilK23+K2h}

K{LID, 10 )=—US{SPA*KI+SHAEKSG ) +CCEVIEKLO+K20)
KOID 12 =A% T & (KS-KE) +PEFMQE(K2ZI+K24)
KOL1D,13)=A%U*(K&=KS)+P*VE(K23¢K24)

KI10, 14 )=-G*(SPA¥KI=-SMASKZ ) +HE{ SPARKI-SMASK L) ¢ AUB (KS+K6 )
K{lD,15)= A®EPRE(KS+KE)
K{10416)=~CC¥GR{KIS+K16)+CCRHE(K1T+K20) +P*B*(K23+K24)
K{IDp17)=P*EPR ®(K23¢K24)

K1l o 11 =WeW* (KOEKLOT + YRYH[K1T+KLA) +USUR{KITKL)$VAYE (K1I+K20)
Killglg)=UsHe (K4—K3)

KE1l;16)1=VeHa(K19+K20)
KI12,12)=TTRTT#(KS5+KO) +FHQRFMO* (K23+K24)
KE12,13)==TToUS(KS+KE I +FPQAY{K230K24)
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Kil2,14)=TTHDE(KE-K&)

O K{12,15)=TT#EPR¥IKS-KS)

&80
10

KE12 ,16)=B%FMQ  *{K23¢K24)

KIL2 o LTI=EPREFMQE{IK 234K 24])
K{13,13)=Wewa(K114KE2 4V EYR({K214K22)eUnUS {KEHKG) e VEVR{K2I+K24)
K13, 14} =0*pa(Ke~KS5)

Ki13,15)=U%EPH %[K&~K5}
K{13,16)=VEBR(K2I4K24)

K13, 17D =VeEPR®* [KZ3¢K24)

KLt LA)=GoG (KL+KZ I +HEHE (K30 K4 }+BEB8% (K5¢K6)
K{14,15)=B% EPR¥ (KS+Kb&}

Kil5 ¢L5)=(K5+K& I ¥EPRFEPR

K{l6 o161 =G#G% (K1S+KLO ) +HYHR{K LI+ K20) ¢ BRA* (K23 4+K24 )
K{l& s 1TI1=HEEPR  #(K23+K24)

KALT 1T ={K234K24 ) *EPREPR

DO 70 1=1l.18

N=[¢1

00 BO J=N417

M{Je T)=MI1,0)

ClI, I1=Cil,d}

Kide Th=K({1,J}

CONT INUE

RETURN

END

o7
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MINV
BB A8 8eBEaR eI sUs0s0MEsasERLISPENODEOARSacsssasancasanessonasnnsss MINY
HINV
SUBROUTINE MINV MINY
MINY
PURPOSE MINV
INVERT A MATRIX MINV
MINY
USAGE MINV
CALL MINVIA N DsLH) MINV
MINV
DESCRIPTION OQF PARAMETERS MINY
A = INPUT MATRIX, GCESTROYED IN COMPUTATION AND REPLALED BY MINV
RESULTAAT INVERSE. HINV
N — ORDER OF MATRIX A MINY
D - RESULTANT ODETERMINAMT MINV
L - WORK VECTCR OF LENGTH N MINY
M - WORK VECTOR DF LENGTH N MINY
: MINV
REMARKS MINYV
MATRIX A MUST BE A GENERAL MATRIX : MINV
. HINY
SUBROUTINES ANC FUNCTION SUBPROGRAMS REQUIRED - MINV
NONE MINYV
MINY
METHOD MINV
THE STANDARC GAUSS-JORDAN METHOD IS USEDs THE DETERMINANT MINV
IS ALSU CALCULATED. A DEVERMINANY OF ZERO INDICATES THAT HMINY
THE MATRIX IS SINGULAR. HINV
MINY
tn.-ﬁﬂﬂl-‘--o----o-Iouiclc.lnn---t--l-Dlu'..l...t..cul.ua--‘u--.utuHINv
MINY
SUBROUTINE MINVIAGNNN]
REAL *B A4D,BIGA,FOLD,DABS
DINENSION A(NNJ,LIN),MIN)
DIMENSIUN L(3&4),M(34)
DIMENSEON A(NN)
MINV
s ®0enEBccesaENeeTIIUss RO BEEateERBERIRaD NSO UsRaessabaaenonansasal[NV
MINV
IF A DUOUBLE PRECISION VERSION OF THIS ROUTINE TS5 DESIRED, THE MINV
C IN COLUMN I SHOULD BE REMOVED FROM THE DOUBLE PRECISION MINV
STATEMENT WHICKF FOLLOWS. HINY
MINY
DOUBLE PRECISION A4D.BIGA,HOLD MINV
MINV
THE € MUST ALSC BE REMOVED FROM DOUBLE PRECTISION STATEMENTS MINY
APPLARING IN OTHER ROUTTINES USED IN COMJUNCTION WITH THIS MINY
ROUTENE . MINV
HINY
THE DOUBLE PRECISION VERSTON OF THIS SUBROUTINE MUST ALSO MINV
CONTAIN DOUBLE PRECESION FORTRAN FUNCTINNS. ABS IN STATEMENT  MINV
10 MUST BE CHAMNGED TO DABS. HINY
MINV
ssTscavsnssssssebaonsEasRaecdbBta0neesror0usenssannesonaasesca NV
HINY
SEARCH FDR LARCGEST ELEMENT MINY
MINY
D=1.0 MINY

NK=-N MENV

10
20
30
40
50
60
70
a0
S0
190
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

270

280
2490
300
3l0
320

350
360
370
igo
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
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10
15

20

25

D

35

38

40

45
46

48
50
55

DO 80 K=1,N
NK=NK &N

LiK) =K

MO D =K

KK=NK+K

BIGA=A(KK)

DO 20 J=K.N

TZ=N#(J-1}

00 20 I=K.N

TJ=12+]
IFIDABS(BIGAI-DABS(ALTJII} 15,20,20
BIGA=A{EJ)

LIKI=]

MIK) =4

CONT INUE

INTEACHANGE ROWS

J=L{K}

EF(J=K) 35,35.,25
KI=K~-N

DO 30 [=1l4N
KI=K[eN
HOLD=-A(KI)

JI=K =K+
A{KI)=A(J1)
ALJI) =HOLD

ITNTERCHANGE CULUMNS

I1=M{K)

TFII-K) 45,45,38
JP=N®[{]~-]1)

DO %0 J=1.N
JK=NK+J

JI=JpPed
HOLD==A(JK)
AlJRY=A0J1)
AfJlh =HOLD

DIVIDE COLUMN EY MINUS PIVOT (VALUE OF PIVOY ELEMENT Is
CONTAINED IN BIGA}

IFIBIGA) 48,464,448
D=0,0

RETURN

DO 55 I=1leN

IFII-K} 50455,50
TK=NK+1
AUIK)=A(EK)I/(-BIGA)
CONT INUE

REDUCE MATRIX

DO 6S T=1,N
IK=NK+|
HOLO=A{IK)
1J=1-N

D0 65 J=1,N
1d=1J¢N

MINY
MINY
MINV
MINY
MINY
MINV
MINY
MINY
MINV
MENY

MINY
MINY
MINV
MINV
MINV
MINV
MINY
MINY
MENY
MINY
MINY
MENY
MINV
KINV
MINV
MINV
MINV
MINY
MINY
MINV
MINY
MINV
HIMY
MINY
MINY
MINV
MINV
MINV
MINV
MINV
HINV

580
590
600
&10
620
630
640
650
660
670

690
700
710
120
730
740
750
760
70
T80
790
800
a10
a20
a3p
840
aso
860
870
880
890
900
910
920
930
940
950
360
970
380
990

MINVLIGO0
HINYIGLO
MINV1020
MINV1030
MINVLO40
MINV1050
MINY1060
MINVLIOTO
MINVLDBO
MINVLO90
MINYL100
MINVL1L1D
MINVLL20
HINVL13O
MINV1140
MINY1150
MINVI1&O
HINVLLTO
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60
62

&5

70
75

BO

100
105
108

110
120

125

130
150

IF(I-K] 604+65,60
IFLJ-K) 62:65,062
Kd=1J~1+K

A1) b =HOLD®A(KIN+AL L D)
CONTENUE

DIVIDE ROW BY PIVQT

KJ=K~N

DO 75 Jd=1.N
KJ=KJ+N

IF{J-K}) T0,75,70
ALKJ)=ALKI) FBIGA
CONY INUE

PRODUCTY OF PLIVCTS
D=D*B1GA
REPLACE PIVOT BY RECIPROCAL

A{KK}=1.0/BIGA
CONT INUE

FINAL ROW AND COLUMN INTERCHANGE

K=N

K={K-1)

IF{KY 150,150,105
I=L(K}

IF([-K] 120,120,1C8
JQ=N¥(K-1}
JR=N%{1~1]

DO 110 J=1.N
JK=J0+J
HOLD=A[JK]
Ji=JR+d

At =-ALJI)
AtLJTY =HOLD
J=MIK)

IF(J-K) 100,100,125
Ki=K-N

DD 130 1=14N
Ki=KI+N
HOLD=A(KI)
JI=KI-K+J
AfKI)==ACJI)
AT} =HOLD

GO 70 1ud

RETURN

END

MINV1180
MINV1LOO
MINV1Z00
MINVIZ2L1O
MINV1Z220
MINVI230
MINVEZ40
MINVLI250
MINVL1260
MINVL1270
MiNV1Zao
MINV1290
MINV1300
MINVI3LIO
MINV1320
MINV1330
MINYL340
MINVYL1350
MINV1360
MINVL3T70
MENV13BO
MINVIZ90
MINV1400
HMINV1410
MINV1&420
MINV1430
MINV1440
MINVL450
MINVL460
MINVI&TO
MINV1480
MINVL490
MINV1S00
MINVLSLO0
MINVLS20
MINVL530
MINVL540
MINVL550
MINVL1560
HINVLISTO
MINVL580
MINV1590
MINV1600
MINVL&10Q
MINV1620
MINV1630
MINV1640
MINVI&ESD
MINV1660
MINVI6TO
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SUBROUTINE GMPRD

PURPOSE

MULTIPLY TWC GENERAL MATRICES TO FORM A RESULTANT GENERAL

MATRIX

USAGE

CALL GMPRD{AGB,R NyMelL)

DESCRIPTION OF PARAMETERS
A = NAME OF FIRST INPUT MATRIX

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

REMARKS

ALL MATRICES MUST BE STORED AS GENERAL MATRICES
MATRIX R CAMNOT BE IN THE SAME LOCATION AS MATRIX A
IN THE SAME LOCATION AS MATRIX B

MATRIX R CANNOT BE

INPUT MATRIX

GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GHMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR

NUMBER OF CCLUMNS OF MATRIX A MUST BE EQUAL TD NUMBER OF ROWGMPR

OF MATRIX B

SUBROUTINES ANLC FUNCTION SUBPROGRAMS REQUIRED

NONE

METHOD

GMPR
GMPR
GMPR
GMPR
GMPR
GMPR

THE M BY L FATRIX B IS PREMULTIPLIED BY THE N B8Y M MATRIX A GMPR

AND THE RESULT IS STORED IN

THE N BY L MATRIX R.

GMPR
GMPR

tessesccosssenntusssdedssncoacacensednsrssscsrosoasonssasensnssass CMPR

SUBROUTINE GMPARD(AeB RoN+MoLoNMyMLyNL )

REAL #B A B4R

DIMENSION ACNM) BIML) 4RINL)

I1R=0

1K=-M

DO 10 K=1.L
IK=1K+M

DO 10 J=1,.N
IR=1R+1
JI=J-N
I8=IK
RUIR}=0

00 10 I=1.n
JI=J1eN
18=1D+1
RUIR)=RIIR)+A(J])*BLLB)
RETURN

END

GMPR

GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR
GMPR

10

20

30

40

50

60

7J

80

90
100
110
120
130
140
150
160
170
1LBO
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

390
400
410
420
432
440
450
460
470
480
490
500
510
520
530
540
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110

SUBROUTINE FRANCI [A,VALU,NSUByANORM,NMAX)
EIGENVALUES DF REAL MATRICES

REMDVE DR MODIFY NEXT FOUR STATEMENTS IN SINGLE PRECISION VERSION
IMPLICIT REAL®*8 (A-H,0-1}

REAL*4 DEL

COMMON /fQR/ ITER[Z0O1, DUMMY{100)

DATA EPS/ZI3B0000CO000GA00Q7

DIMENSION AINMAX ASUB) . VALUIMMAX,2Z)

N=NSUB
REDUCE MATAEX 7O LPPER HESSENBERG FORM
CALL SUBDIACA,N,NFAX)

COMPUTE MATRIX NORM

L=1

ANDRM2=0.0

DO &40 [=1,N

Il=1-141/1

00 40 J=I1,N
ANDRM2=ANUORMZ+A[ T o h %2

CONT INUE !

CHANGE FUNCTION N#ME IN NEXT - "STATEMENT TN SINGLE PRECISION
ANORM2=05QRT (ANORMZ}

IF (L.EQ.2) GO TO 190

L=2

ANOR M= ANORMZ

DEL=ANORMZ #*EPS

BEGINNING OF LOOGP FOR JITERATIVE DETERMINATION OF EIGENVALUES
{ARRAY ITER HAS EFFECTIVELY BEEN CLEARED TD ZERO BY SUBDIA)

K=NSUB+1-N
FIND ROOTS OF LOWER 2X%X2 MIMOR

IF(N.EQ.0) GO YO 250 CC ADDED
ANN=A [N, N) )

IF (N-1} 250, 220, 70

CHANGE 0ABS TO ABS FOR SINGLE PRECISION

IF (DABS(A(NN-L})I.LE.DEL) GO TO 220

DIF={AIN-LyN=1)~ANN %045

DISCSQ=DIF##2+ATN=L, N} #A{N,N-1)

IF {D15C50.LE.0.0) GD TO 10G

CHANGE FUNMCTEON NAMES IN NEXT STATEMENT IN SINGLE PRECISIGON
DISC=DSIGN(NSORTICISCSQ),01F)

E=DISCeDIF +ANN

G=E-DISC-NISC

F=0e0

GO TO 110

E=DIF +ANN

G=E

CHANGE FUNCTION NAME IN MEXT STATEMENT [N SINGLE PRECISION
F=DSURT(-DISCSQ) |

IF {NJEQ.2} GD TO 230
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190

200

220

230

250

CHANGE ODABS TO ABS FOR SINGLE PRECISIDN
IF (DABSEAIN-1,N-2)1.LE.DEL) GO TO 230

CHOOSE SHIFT TOWARD ACCELERATING CONVERGENCE

SIG=E+G
RHO=E#GeFu%2
60 YO 200

SHIFT UNSUCCESSFUL-- CHOOSE DIFFERENTLY TO BREAK P CLUSTERS
$1G=0.125% ANORM2

PERFORM QR JITERATION

CALL QRZ{A,N,DEL,STGyRHO,NHAX)

ITER(K)=ITER(K)#1
IF € MOD (ITER(K),501.NE.0) GO ¥OD 60
G0 7O 10

SINGLE EIGENVALUE CONVERGED

VALU{K o 1}=ANN
VALU (K ¢21=0.0
N=N-1

GO TD 50

PAIR OF EIGENYALUES CONVERGED

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

GO TO 50

RETURN
END
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SUBROUT INE SUBDIACA,H NHAX]
HOUSEHOLDER REDUCTION OF REAL MATRIX VO UPPER HESSENBERG FORM
d#rese REMOVE OR MODIFY MNEXT STATEMENY [IH SINGLE PRECISION VERSION
IMPLICIT REAL#*B (4-H,0-1)
DIMENSION A{NMAX.A), WVEC(100}, PVEC(100)}, QVEC(100)
COMMOMN /QR/ WVEC, PVEC
EQUIVALENCE {(PVEC,QVEC)
DO 200 I=1.N

REDUCE COLUMN OF MATRIX

[aNaNg]

WVEC(1)=0.0

I1=1+1

12=11+1

IF {12.GT.N) GO TC 200

SUM=0.0

DO 70 J=12.N
TO SUM=SUM+A(J,1) %2

IF {SUM.EQ.0.Q) GC TA 200
75 J=11

TEMP=ALJ, T}

Ceex® CHANGE FUNCTION NAMES IN NEXT FOUR STATEMENTS IN SINGLE PRECISION
SUM=DSQART(SUM+ TEFP 222)
AlJ, 1 )=-DSIGNI(SUMy TEHP )
WVEC L) )=LSARTIL 1.0+DABST TEMP }/5UM)
DIV=D51GNL WYECIJ )&5UMy TEMP )
00 85 J=12.N

B5 WVEC{J)=A{J,y1)/DIV
SCALAR=0.0
00 95 J=I1.N
PYECLJ)=0.0
00 90 K=I1,N
90 PVEC(J)=PVEC{J)+A(K,J)*HWVECIK]}
SCALAR=SCALAR+PVEC{J)#WVEC{J])
95 CONTINUE
SCALAR=SCALAR/2.0
00 120 J=11+N
OVECH{J)=PYEC(J)-SCALAR®WVECIJ}
00 120 K=I1sN
AlKo JI=AIK,JI-WVEC(K)*QVEC(J]
12C CONTINUE
DO 180 K=1.N
QVEC{K}==SCALAR*WVYECIK}
00 170 J=I1eN
170 OVEC(K)=QVECIK)+A(K,JY*WVECIJ}
00 180 J=[1,N
ALKy J1=ALK,J)I-QVECIK) *WVEC[J)
180 CONTINUE

200 CONTINUE

RETURN
END
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SUBROUTINE QR2{AsMoDEL«SIG«RHO, NMAX)
DOUBLE QR ITERATICN

REMOVE OR MODIFY NEXT THREE STATEMENTS IN SINGLE PRECISIDN VERSIDN
IMPLICIT REAL*8 {A-H,0-L)
REAL *4 DEL
REAL*B KApP
DIMENSION A(NMAX.N)e GAMIZ), PSI(2)
INTEGER P,Q

Hl=N-1
N2=N1=1

FIND P

D0 50 Il=l¢N2

I=N1-I1

IF {11.ECQ 1) GO TE 40

ALO=A(T+1,1)

CHAMGE OABS TO ABS FOR SINGLE PRECISION

IF {DABSTALIQl.LE.CEL} GO TO 50

Al2=A[I+1l,1+2)

A21=Al1+2,7+1}

ALL=AlI+L,1+1)

DIF=ALL-5SIG

DENOM=DIFeALL+AL2+AZ1 +RHD

IF (DENOM.EQ.0.0) GO TO 4C

CHANGE FUNCTION NAME IN %EXT STATEMENT IN SINGLE PRECISIDN
A32=DABS{ACI+3,01+2})

A22=A[T¢2,1¢2)

CHANGE FUNCTION NAME 1IN NEXT STATEMENT IN SINGLE PRECISION
CHANGE ©ABS TO ABS FOR SINGLE PRECISTON

IF (DABS{ALQ*A2Ll*(DABSIAZ2YDIF)+A32)/DENDOMILLE.DEL) GO TD &0

P=1

CONT EWUE

FIND Q

oo 100 Tl=,P

I=P¢1=-11

CHANGE DABS TO ABS FOR SINGLE PRECTISION
IF [DABS{A(I+Ll,[})eLE-DEL] GO TO 110
Q=1

CONT INUE

FYERATE

DO 300 [=P,N1

IF {1.NE.P) GO TD 130D

NIF=ALI,1)~SIG
GAMELY=DIF*ACEI) ATl +T#L)¥AITI+]),1)¢RHO
GAMI2I=A( T+ IV¥ACIF+AL 41, 0¢L}}
GAM{3)=A[T+1l,1)%A([+2,141]

All+2,1)=0.0

GO TO 150

GAMEL)=A{T,1-1)

GAMIZI=At1+1,[-1])

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

65

CC ADDED
C ADDED



C NOT TERMINATE WHILE USING THE WATFIV COMPLIER 371971971 CC ADDED

C CC ADDED
IFII.EQ.NL} GO TO 140 CC ADDED
GAMI3)=AlT42,[-1)

[ IF {1.EQeNL) GAM(31=0.0 CC ADDED
GO TO 150 CC ADDED

140 GAM[3}1=0.00 CC ADDED

Cokks CHANGE FUNCTION WAMES IN NEXT STATEMENT IN SINGLE PRECISION

150 KAP=DSIGN(DSQRT{GAMITI=+2+CAM(2)%22+GAM(3)%%2)} ,GAMILT)
GK=GAM{Ll)+KAP :
If (GK.NE.0Q.0) GO TO 170
ALF==2,0
GK=ALF
GO TO 1BO
170 ALF=-GK/KAP
180 PST(1)=GAM({2)/GK
PSI(2)=GAMI3)}/GK
IF {1.EQ.Q) GO YO 220
IF (T1.EQaP) KAP=A[I,[~-1)
AllyI-1b==KAP

[
C ROW OPERATION
o
220 DQ 250 J=14N
IFIT.EQ.NI) GO TO 230 CC ADDED
ETA=ALF*(A(IJ)+PST(L)*ALI+1, ) +PSTL2)%ALT142,3))
GO TO 221 CL ADDED
230 ETA=ALF®{A(TI . JI+PST{1)eAlL+1l,J]] CC ADDED
221 AlT.JI=ETA+A{]I,d) €C ADDED

AlI+1leJ)=ALI+1,J)¢PST(L)*ETA
IF (ToNESNL) ALT#2,0)=A(142,J)¢PSI{2}%ETA
250 CONTINUE

COLUMN OPERATION

[aRaNel

L=f+2

IF (LaGTuM} L=N

0o 280 J=Q.L

IF{I.EQ.NL) GO TO 260 CC ADDED

ETA=ALF#UA I T ) +PSTILI*A{J 14 LI4PSIL2)%A0S,042))

G0 TO 281 CC ADOED
260 ETA=ALF®(ALI, IV4PSTIALI*ATI,T41)) CC ADDED
2B1 ALJ, I1=ETA+A{J, 1} . CC ADDED

AlJo T#1)=A(Jy I+1}4PST{]}#ETA

IF TRaNESNLY AlJsT421=A00,142]14PSTL2)¢ETA
2B0 CONTINUE

IF {1.GE.N2} GO ¥YC 300

ETA=ALF*PST{2)#A(1+3,142)

AlTed, Th=ETA

Alle3,0+0)=Al1+3, 00 %PSHILI

Al1o3,042)=A11+3,142)+PSTI2)%ETA
300 CONTINUE

RETURN
END
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SUBROUTINE ARANGEI(VALU,NT NTMO,NTPO,NUMBER)
IMPLICIT REAL*BlA-H,0-Y) COMPLEX*1&6(Z)
COMMON/ INDUT/NREAC « NWRITE s NPUNCH

DIMENSION VALUINT,2)+VALRE(3&)}, VALIM{34)

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

IF THE EIGENVALUES ARE KNOWN TO BE COMPLEX SET NUMBER.NE«1le.
[FINUMBER.EQ.1) GC TO 100

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

D0 1 IsleNT
VALRE(Ib=VALU{I,1)
1 VALIMITI=VALUILI,2]}
81G=0.D0
D0 99 I=1,NTMD
JAQUI T=NTPD-1I
JQUTMO=JQUIT-1
00 98 J=1,JQUTMD
TIFIDABSIVALIMIJ}).LE.DABSIBIG)) GO TO 98
JPO=J#] ’
IF(DABS(VALIM(JPO})GE.DABS(VALIMIJII) GO TO 98
BIG=VALIMIJ)
REALPT=VALRE{(J}
DO 97 K=J, JQUTHO
KPO=K+1
YALIMIK)=VALIM{KPC])

97 VALRE{K)=VALRE{KPC]
VALIM(EJQUIT)=BIG
VALRE[JQUIT)=REALPT

98 CONT INUE
BIG=VALIM{JOQUTMO)

99 CONTINUE

THE OAMPED,COMPLEX EIGENVALUES HAVE BEEN ORDERED FROM SMALLEST TD LARGEST
IN ABSOLUTE VALUE WITH RESPECT TO THEIR IMAGINARY PARTS.(WHICH ARE THE
CIRCULAR FREQUENCIES)

WRITE OUT THESE ORDERED ENIGENVALUES,PLACE THEM IN VALU[I,2) AND RETURN
TO MATN.

WRITE(NWRITE, 7]
T FORMAT(®1",45X,'THE N DAMPED,COMPLEX CONJUGATE EIGENVALUE PAIRS
LARE® /*=1,54X, "REAL PART', 16Xy *IMAGINARY PART®)
WRITE(NWRITE.B) (VALRE(I),VALIMII),I=1,NT)
8 FORMAT(®0",40X,y1P202B415/% *,40X,1P2028.15)
RO 2 I=14NT
VALUL Lo L)=VALRE(I)
2 VALULT-2)=VALIMII)
RETURN

REAL EIGENVALUES ARE SORTED IN ASSCENDING ORDER IN THE FOLLOWING STATEMENT
ENDING ON 784

100 CONT INUE
DO 75 1=1¢NT
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Te
7
T8

9
8l
B3
BS

VALRE(I}=VALULL,1)

BIG=0.00

DO 78 I=1,NTMD

JQUIT=NTPO-I

JQUTMO=JQUIT=-1

DO T7 J=1,JQUTMO
IF(VALRE(J).LE.BIG)Y GO TO 77
JPO=J+1
IF(VALREIJPO).GE.VALRE(J)) GO TD 77
BIG=VALRE(J)

DO 76 K=J,JQUTHO

KPO=K+¢1

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

CONT INUVE

BIG=VALRE(JQUTMO)

CONT TNUE

THE UNDAHPED;REAL.EIGENVALUES HAVE BEEN ORDERED. PLACE THESE ORDERED
EIGENVALUES IN VALU(I,1l)e DETERMINE AND WRITE DUT THE UNDAMPED CIRCULAR
FREQUENCIES.

DO T9 1=1.NT

VALUCTL, L )=VALRE(I)

DO 81 [I=14NT

VALREIT}=DSORT(DABSIVALRE(I}]})

WRITE(NWRITE,83)

FORMATI*L1" 445X, *THE N UNCAMPED CIRCULAR FREQUENCIES ARE'/)
WRITE(NWRITE,85) (VALRE(L)y[=LyNT)}
FORMAT{*=* 48X, LP1D28.15)

RETURN

END
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SUBROUTINE VECITR

IMPLICIT REAL#B(A-H,0-Y).COMPLEX*L6LZ)
COMPLEX®*L6 DCMPLX,0CONJG
COMMON/COMX/LVEC!25,34)
COMMON/DYNAM/D(344534) 3 VALUL34,2)

COMMON/MATMCK/AM (1T 417} ACULT o LT)4AKILT 41T

COMMON/AL/OL(LT,17)AMA(LT,1T)

COMMON /ORDER/NMO 4Ny NPOyNTMOyNT o NTPO,NN,NTNT

COMMON/ INOUT /NREAC ¢ NWRITEy NPUNCH
DIMENSION ZHOLD(34]),ZRIGHT(LT)
DIMENSION OVERIR(34)

EQUIVALENCE (OVERZRy ZRIGHT)

DIMENSION RIGHT{34)

DO 1 L=1,NT,s2

ZLAMB=IVEC{35,L)

ROOTR=VALUI(L.1)

ROOTI=VALU(L,2)

RRMI I=ROOTR*ROOTR-ROOTI*ROODTI
TRI=2.00*ROOTR*ROCTI

D0 11 I=1:N

IPN=L+N

DO 11 J=1.N

JPN=J+N

R=RRMII*AMA(I ,J)+ROATR*AC(I 4 J)4AK(T,J)
AT=TRI#*AMA(I,J)+RCOTI*AC{I,J}
Di{l,Jd)=R

DUIPNyJPN) =R

DILl4JPN)==Al

DUIPNgJY=AL

DO 22 I=14NT

IHOLDI( I )=ZVEC(I,.L)

DO 33 I=1,N

IKX={0.00,0.00)

ZMY=ZKX

D0 44 J=1,N
ZKX=ZKX¢DCHMPLX(AK(T4J)¢0.00)*IHOLD{J)
IMY=ZMY+DCMPLX(AMAIT,J),0.D0)*ZHOLDIJ+N)
IRIGHTII ) =ZKX-ZLANBHZMY

DO 55 I=1,N

IR=2%1-1

[1=2#1

RIGHT (I }=0VERZIRI(IR)
RIGHT(1«N)=0VERZR (LI :

CALL DGELGIRIGHT,CyNT41lsleE-12,IER)}
DO 66 I=14N

IPN=14N

ZHOLD ( IPN) =DCHPLX{RIGHT (I ) 4RIGHT{IPN))
DO T7 I=1,N

ZHOLD( I }={ZHOLD(I+N)=2HOLD(I))/ZLAMB
D0 88 I=1,NT

IVEC(I,L)=ZHOULDLI)
IVEC(I,4L+1)=DCONJGIZHOLDILL}])
CONTINUE

RETURN

END . [

69
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PP IO AcREUEUePNERERe0a0N0sDUNERIRORsRSORbesNERaussnnennsenee DGELGOO2

: DGELG203

SUBRDUTINE DGELG (THIS IS ONE OF THE SUBROUTINES [N THE [BH
SYSTEM/360 SCHIENTIFIC SUBROUTINE PACKAGE ).

DGELGOOS

PURPOSE OGELGOOS

TO SOLVE A CENERAL SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS. DGELGOO7Y

DGELGOOB

USAGE DGELGOO9

CALL DGELGIRA:M¢N,EPS, IER) ’ DGELGGLO

’ DGELGOLL

DESCRIPTION OF PARAMETERS DGELGO L2

R = DOUBLE PRECISION M BY N RIGHT HAND SIDE MATRIX DGELGOL3

({DESTROYED)e ON RETURN R CONTAINS THE SDLUTIONS DGELGO1%

OF THE EQUATIDNS. DGELGOL1S

A - DOLBLE PRECISION M BY M COEFFICIENT MATRIX s DGELGOLS.

(DESTROYED )« DGELGOLT

M = THE NUMBER OF EQUATIONS IN THE SYSTEM, DGELGO1B

N = THE NUMBER OF RIGHT HMAND SIDE WECTORS, DGELGOL9

EPS = SINGLE PRECISION INPUT CONSTANT WHICH IS USED AS OGELGO20

RELATIVE TOLERANCE FOR TEST ON LOSS QF DGELGOZ1

SIGNIFICANCE. DGELGO 22

IER = RESULTING ERROR PARAMETER CODED AS FOLLOWS DGELGO23

[ER=0 — N0 ERROR, DGELGOZ4

[ER=~]1 - NO RESULT BECAUSE OF M LESS THAN 1 OR OGELGD 25

PIVOT ELEMENT AT ANY ELIMINATION STEP - DGELGD26

EQUAL TO O, DGELGOD27

TER=K = WARNING DUE TOD POSSIBLE LOSS OF SIGNIFI- DGELGO28B

CANCE INDICATED AT ELIMINATION STEP K¢k, ODGELGD29

WHERE PIVOT ELEMENT WAS LESS THAN OR . DGELGO 30

EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DGELGO31

ABSOLUTELY GREATEST ELEMENT OF MATRIX A. O0OGELGO32

DGELGO33

REMARKS DGELGO34
INPUT MATRICES R AND A ARE ASSUMED TO BE STORED COLUMNWISE DGELGO35

IN M#N RESP. M*M SUCCESSIVE STORAGE LOCATIONS. ON RETURN DGELGOD36

SOLUTION MATRIX R IS STORED COLUMNWISE TOO. DGELGO 37
THE PROCEDURE GIVES RESULTS [F THE NUMBER OF EQUATIONS M IS5 DGELGD3B
GREAVER THAN O ANO PIVOT ELEMENTS AT ALL ELIMINATION STEPS DGELGD39
ARE DIFFERENT FROM 0O, HOWEVER WARNING 1ER=K = IF GIVEN - DGELGO 40
INDICATES PCSSIBLE LOSS OF SIGNIFICANCE, IN CASE OF A WELL ODGELGO%1
SCALED MATRIX A AND APPROPRIATE TOLERANCE EPS, IER=K MAY BE DGELGD42

INTERPRETED THAT MATRIX A HAS THE RANK K. HD WARNING 15 - DGELGD %3

GIVEN IN CASE M=l. DGELGOS4 &
DGELGO %S

SUBROUTINES ANC FUNCTION SUBPROGRAMS REQUIRED DGELGO%&
NONE DGELGO&T
DGELGO %8

METHOD DGELGO&9
SOLUTION 1S DONE BY MEANS OF GAUSS—ELIMINATION WITH ’ DGELGOSO
COMPLETE PIVOTING. DGELGOS1
DGELGOS2

$ eI N00E800L0000EPUNIBUUCEssaRsesesbteneoanenounnoonssnsasssensess DGELGOS]
DGELGDS 4

SUBRDUTINE DGELGURsAsMyNyEPS, LER) DGELGOSS
, OGELGOS6

DGELGOST

DIMENSION ACL),R(1} DGELGOSE

DOUBLE PRECISION ReA,PIV,TB,TOL,PIVI DGELGOS59

To
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IFIM)}23,23,1

SEARCH FOR GREATEST ELEMENT IN MATRIX A
1ER=0

PIv=0.00

MM=M &M

NM=N&M

D0 3 L=l4MM

TB=DABS(ALL))

IFITB-PIV)3,3,2

P1V=TB

1=L

CONT INUE

TOL=EPS*PIV

A{I) IS PIVOT ELEFENT. PIV CONTAINS THE ABSOLUTE YALUE OF A(I).

START ELIMINATION LOOP
LST=1
DO 17 K=1.M

TEST ON SINGULARITY

IFIPIVIZ3:23.:4

IFITER) 745,47

IFIPIV=-TOL)6s 64T

IER=K~1

PIVI=1.00/A01)

J=(1-1)/M

I=]- M=K

d=J¢1=K

[+K IS ROW-INDEX, J+K COLUMN-INDEX OF PIVOT ELEMENT

PIVOT ROW REDUCTICN AND ROW INTERCHANGE IN RIGHT HAND SIDE R
DO 8 L=K,NM,M .

LL=L+I

TB=PIVI*RI{LL)

RILL)=R(L)

RIL)=TB

IS ELIMINATION TERMINATED
IF(K=M)9,18,18

COLUMN INTERCHANGE IN MATRIX A
LEND=LST+M-K

IF(J)12412+10

11=J%NM

DD 11 L=L5T4LEND

TB=A(L)

LL=L+11

AlL)=A(LL)

AlLL)=TB

ROW INTERCHANGE AMD PIVOT ROW AEDUCTION EN MATRIX A
DO 13 L=LST,MM,M

LL=L+I ) =

TB=PIVI#A{LL])

AfLL)=A(L)

AfL)=TB

SAVE CDLUMN INTERCHANGE INFORMATION

DGELGO60
DGELGO61
DGELGO®&2
DGELGO63
DGELGO&4
DGELGO6S
DGELGO6&6
DGELGO67T
DGELGO68
DGELGD6Y
DGELGOTO
DGELGOTL
DGELGOT2
DGELGOT3
DGELGOT4
OGELGOTS
DGELGOT6
DGELGOTT
DGELGOT78
DGELGOT9
DGELGOB0
DGELGOB1
OGELGOB2
DGELGOB3
DGELGOB%
DGELGOBS
DGELGOB6
DGELGOB7
DGELGOBS
OGELGO89
DGELGO90
DGELGOS1
DGELGO92
DGELGO93
DGELGO%4
DGELGD9IS
OGELGO96
DGELGO97
DGELGO98
DGELGO99
DGELGLOO
DGELG1OL
DGELGL02
DGELGLO3
DGELGL04
DGELG105
DGELGLOG
DGELGLOT?
DGELG1 08
DGELGLO9
DGELGL1O
DGELG111
DGELGL12
DGELGLL3
OGELGL114
DGELGL15
DGELGL1l6
DGELGLLT
DGELGL18
OGELGLLY
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[z s NaNal

[sXaksl

14
15
16

17

18
19

20

21
22

23

A(LST)=J

ELEMENT REDUCTION AND NEXT PIVOT SEARCH
PIv=0.00

LST=LS5T+]l

J=0

DO 16 1I=LST+LEND
PIVI==A(II)

IST=11+¢M

d=Je ]

DO 15 L=IST,MMsM
LL=L~J
A(L)=A(L)+PIVI*A(LL)
TB=DABS(A(L))
IFITB=PIVIL1S, 15414
Plv=TB

I=L

CONT INUE

DO 16 L=K,NM4H
LL=L+J
RELLI=RILLI+PIVI*R(L]
LST=LST+M

END OF ELIMINATION LOOP

BACK SUBSTITUTION AND BACK INTERCHANGE
IF{M-1)23,22,19
IST=MMeM

LST=M+1

DO 21 1=2,M
[I=L5T-1
IST=158T7-LST
L=1ST-HM
L=A(L)+.5D0

DO 21 J=I114NMsM
TB=R{J)

LL=J

DD 20 K=15T,MMyM
LL=LL+1
TB=TB-A(K)*R{LL}
K=J¢L

REJY=RIK)
RIK)=TB

RETURN

ERROR RETURN
IER==-1
RETURN

END

DGELGL 20
DGELGL 21
DGELG122
DGELGL23
DGELGL 24
DGELG125
DGELGl26
DGELGL27
DGELG128
DGELGL29
DGELGL 30
DGELG131
DGELGL32
DGELGL 33
DGELGL 34
DGELG135
DGELG]1 36
DGELGL3T
DGELG138
DGELGL39
DGELGL40
DGELG141
DGELG1l42
DGELG143
DGELGL44
DGELGL45
DGELGL 46
DGELG147
DGELGL48
DGELGL49
DGELGL50
DGELGLS1
DGELG152
DGELGLS3
DGELGL154
DGELG155
DGELGLS56
DGELGL157
DGELG158
DGELG159
DGELGL 60
DGELGlol
DGELGLl62
DGELG163
DGELG1 &4
DGELGLl&5
DGELGl 66
DGELGL1&67
DGELGl&8
DGELGL69
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BLOCK DATA

IMPLICIT REAL®B (A~H,0-Y),COMPLEX #1612}
COMMON/COMK/ZVEC 35434 )
COMMON/DYNAMSD (34,34 ) {VALULI4,2)
COMMON/MATMCKZAMILT 1T ACILT LT h4AKILT,1T)
COMMON/AL/ DLUY7, 07} AMA(LT,1T7)

COMMON /DRDER/NMO 2N ¢ NPO s NTMO G NT 4 NTPO NN NTNT
COMMON/ EINOUT ZNREAC ¢ NWR [TE s NPUNCH

DATA D,VALU/L224%C.D0/

DATA DL,AMA/578%0.D07

DATA NMOgNyNPOyNTFONT NTPOsNNyNTNT /164174185 33,34,35,289:1156/
DATA NREAD¢NWRITEsNPUNCH/ 54647/ : ’
DATA AMAC AK/B6740.00/

END

SUBRDUTINE BEORTH

[MPLICIT REAL#8 (A-H,0-Y),COMPLEX %16(2)
COMPLEX#*L6 CDSQRT,DCMPLX,DCONJG
COMMDON/COMX/ZVECL354+34)
COMMON/DYNAM/D (34,34} 4 VALUL 34,2}
COMMON/MATMCK /AMI LT o171 ,ACILT1714AKILTLT)
COMMON/ALZ DL(LTo1T1oAMACLT,1T)
COMMON/ORDER/NMOyh ¢ NPOyNTMO yNT o NTPO s NN ¢ NTNT
COMMON/ INOUT /NREAC ¢ NWRITE  NPUNCH

DIMENSION ZHOLD(L7}

DO 1 K=l NT,2

RODTR=VALU(K, L)

ROOT I=VALU(K:2)

00 11 E=14N

EHOLDU 1) =ZVECI{I4K)

ESUMT=(0.D0:0.00)

DD 22 J=1,4N

LSUMO={0.00,0.00]

D0 33 I=1.N

ZSUMD=Z5UMO+

LOCMPLX (2. DO*ROOTRIAMAIT ¢ JI4ACTT 4 J )y 2. DO*ROOTI*AMA (T oJ ) ) *ZHOLDLT)

ISUMT=ZSUMT+25UMD# ZHOLD L)
2SQ=CDSURT ({1.D0+C0.D0}/ZSUMT)
ZSQCON=DCONJGI25Q)

DO 44 [=1,NT

ZVEC oK +1)=ZVEC(1,K+1)#250CON
IVEC[I,K)=2VECI 1, K)*Z5Q
CONTINUE

RETURN

END
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SUBRDUTINE ROADIMN{ZWL ¢ ZWRo WL WRyNOREAD)
IMPLICIT REAL®%8(A-H.Ko0-Y)COMPLER®16(Z)
COMPLEX®16 DCMPLX

REAL *8 DSIN,DCOS

NAMELIST/ROADY CVIL CVIIR CIXoCHoCXToCXIT oKYIT+KVITITIKIKsKX KX,
IKXIL ¢ AL¢ AR+ ZWIDE,ETsGHL 9y GBERZ2 ¢ SPEED FWL 4 FUR
DIMENSION ITIME(S)
COMMON/ZROAD/ICLIE) s ZCRLE)

COMMON/ [MOUY /NREAC s NWR ITE s NPUNCH
COMMON/RIPPLE/WAVEL ¢WAVER, FAST s AMPL, AMPR, FALE
IFINOREAD.NE.1) GC TD 10

READINREAD:ROAD)

HWLsFWL

WR=FHWR

FAST=SPEED

AMPL=AL

AMPR=AR

FAZE=BT

CONT INUE

T1l=WL*GHL/SPEED

T2=WL*GBER2/SPEED
ITIME{L)=DCMPLX(DCOS(TL},~DSINITL})
ITIMEL2)=DCMPLXIDCOSIT2),-DSINIT2))
ITIME(2)=DCHMPLX(DCOS(BT)—~DSINIBTH)
Ti=WR*TL/WL

T2=WR*T2/ WL
ITIME(4)=DCMPLX(OCOSITLI+BT),~-DSINIT1+BT))
ITIME(S)=DCMPLX{DCOSIT2+BY),-ESINIT248T1)]
ZCLEL)=DCHMPLRICVIT*wWl *AL,—KVII®AL)
ZCLLZ2)=DCHMPLXICIXOWL*AL o~KIX*ALI*ZTIMELL)
ICLE3) =DCHPLXICXISWL*AL ~KXI®AL)#ZTIME(2)
ICLE4) =~ZWIDE*2CLIL)

2CLUS5Y==2WIDE*ZCL(2]

ICLIG)=-IWIDE*ZCLID)

ZCR{IL) =DCMPLA(CVIII#WR*AR =KV [T I*ARI*ZTIME(3])
LCR{Z2)=DCMPLXICX*WR*AR,—KX*AR VXZTIMEL 4)
ZCR{3)=DCHPLX{CXTI*HR*AR ~KX[[*ARJ*LTIME(S)
ICR{4}=2WIDE®ZCR(1}

ICRIG)=ZIWIDERZCR(Z)

ICRIG)=2WIDE®ZCR (D)

ZHL=0CMPLE QD0 WL}

IWR=DCMPLX{0.D0,WR)
WAVEL=6,28318530T179586%SPEED/WL
WAVER=6,2831B53071795B6*5PEED/HR

RETURN

END

Th
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22

55

33

44

L.1.]

SUBROUTINE RIDE(ZWR,ZWLoNT,N)
IMPLICIT REAL®*B(A-H,0-Y),COMPLEX®16(E])
COMPLEX*16 DCONJG
COMMON/COMX/ZVEC{35,34)
COMMON/ZRIDE/ZRIDLULT)ZRIDRILT)
COMMON/ZROAD/ZCLGE)  ZCRL &)
COMMON/ [NOQUT /NREALC s NWR ITE  NPUNCH
DIMENSION ZSCALL{241,25CALR{34)
DIMENSION ZHOLD{6)

DO 1 K=1,4NT

ZLAMB=ZVECI(NT +],K)
LHOLD(L)=ZVEC(1,K]}
LHOLD(2)=2VEC(3,K)
IHOLD () =IVEC (& ,K )
IHOLD(4)=ZVEC( 94K}
IHOLDIS)=ZVEC(11,4K)
ZHOLD(&)=ZVEC(13,K)
ISUH=(0.00,0.00)

00 Ll I=146
ISUM=ZSUM+ ZHOLD( T Y *ZCL(T)
ISCALLUK)I=ZSUM/ (InL-ZLAMB)
ISUM=(0.D0,0.00)

DO 22 I=1,6
ISUM=ZSUM+ZHOLODUL I *ZCRLT)
IZSCALRAK)=ZSUM/ {IWR=ZLAMB)
FORMAT[*1",3%{" ",1P4D30.15/)]
DO 33 I=1,N

IRIDL(I)=(0.D0,0.CO)
IRIDRIII=({0.D0,0.C0O}

00 44 K=14NT

DO 44 [=1.N
IRIDLAT)=ZRIDLIN)4ZVECII (K)*ZSCALLIK)
IRIDROII=ZRIDR(L1)I4ZVEC(I,K)*ZSCALR(K])
00 66 1=1,N
IRIDL(I)=DCONJG(ZRIOLI(I))

IRIDR (1 )=DCONJG(ZRIDR(ILD)

RETURN

END

75



SUBROUTINE WEQULL
TMPLICIT REAL *8(A-H,0-Y} ,COMPLEX *156(Z)
COMPLEX*L6 CTABS
COMMONS ZIRIQESIRIDLILTILIRIDRILT)
COMMON/URDER/NMD )b o NPO NTMONT s NTPU NN NTNT
COMMON/RIPPLE FHAVEL y NAVER FASTAMPL ,AMPR FALE
COMMONZ INOUT /NREAL ¢ NWRITE ; NPUNCH
DEMENSION AMPMAX(LT])
B0 1000 I=L.N
1000 AMPMAXI{I)=COABS(ZRIDL(I}+ZIRIDR{T])
WRITE(NWRETE.L111)
WRITE(NWRITE 2221 FAZE
WRITE(NWRITE, 1) AMPMAX( 1)
WRITE(NWRITE, 2} AMPHAX( 2)
WRITE(NWRITE. 3) AMPMAX{ 1}
WRITE(NWRITE, 4) AMPMAX[ 4}
WRITE(NWRITE, 51 AMPMAXL 5)
WRITEINWRITE, &) AMPMAXL 6}
WRITEINWRITE, 7) AMPMAXI( T}
WRITEINWRITE, 8) AMPMAX( 8)
WRITEINWRITE, 9) AMPMAX{ 9)
WRITE (NWRITE,L0) AMPHMAX{LQ)
WRITE[NWRITES11) AMPMAX(1])
WRITEINWRITE,L2) AMPMAXILZ)
HAITE(NWRITE,13) AMPMAX{L3)
WRITE(NWRITEs 14) AMPMAX(14)
WRITE (NWRITE LS5} AMPMAX(LS)
WRITE(NWRITE, 161 AMPMAX(Ll6)
WRITEINWRITE. 17} AMPMAX(LT)

1L FORMATI"0® 56K, " XL = ',1P1D9.2)
2 FORMAT('G® 456X, " X2 = '21PLIDY.2})
3 FORMAT(Y0',56X,* X3 = '.1PLN9.2])
& FORMAT{"0' 56X, " X5 = *,1P1D9.2]
5 FORMATU('O® +56X," AT = "41PID9.2)
6 FURMAT(®0®:56X, " 21 = *,1P1D9.2)
T FORMAT(P0" 456X, " 13 = YL, 1P1D9.2)
8 FORMAT('0"456X," 25 = "41P109.2)
9 FORMATL®0® 56X+ "THETAL = ', LP1D9:2)
10 FORMATIY0?,56X:*TFETAZ = ',1P109.2)
11 FORMAT(*0" 56K "THETA3 = 1,1P109.2)
12 FORMATLI'G® »56X,*THETAG = *,1P10%.2)
13 FORMAT{®0%56X "TRETAS = ", LlP10G.2)
14 FORMAT[*0% 56X, PHI2Z = ",|P1C%.2)
15 FORMAY('0°,56X,"' PHI4 = °,LPLlD9.2}
16 FORMAT('0Q":56Xe* X12 = "41P109.2}
L7 FORMAT({®0Q*s56X," Xia = ',IPLD9.2}

111 FORMAT{®1%,52X,"THE MAXIFPUM AMPLITUDES ARE'//)

222 FORMAT(®—*,35)X,*THE RELATIVE PHASE ANGLE [S*/'0%,;60X+1P1D10.34//)
RETURN
END



Appendix B

EXPLANATION OF 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 a 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)



INPLICIT REAL®8{A-H,0-Y)
COMMON/DYNAM/DU34,34 ) 4 VALUI34,2]
COMMON/MATMCKZAMIL1Ty 1 T) 4 ACTILT,1T),AKILT,17)
COMMON/DRDER/NMO gk o NPO o NTMO G NT ¢NTPO NN, NTNT
COMMON/AL/DLA LT 17) vAMALLT,1T7}
COMMON/ INOUT/NREAC 4 NWRITE , NPUNCH
COMMON/RL/TIME(1D) )
COMMON/MISC/WL s WR yFAST ySTEPL, STEPR,AMPL  AMPR, FAZE JNSTEPS
DIMENSION CTOLTHeCITULTICIIRURThySICLT)oSILTLTSTINALT)
COMMON/DOUT/XCLI{LT) «XSLILT) ;XCR{LTY+XSR{1T)
COMMON/COSSIN/SAC(34,3) :
EQUIVALENCE(SACTL1,1)sC1)o[SACI142)4CII1,(SACI1,3},CI11)
EQUIVALENCE{SACA18451) ST, (SACILB,2}o5IT), (SACL18,31,5111)
CALL DEFINE
DO 2 I=1,N
00 2 J=lsN
2 AMACT,J)=AM([.d)
NOREAD=0
ERD=0.00
200 NSIDE=1
DO 3 J=1,3
DO 3 I=1,NT
SAC(T401=0.D0
CALL FORCIN{NOREAL ,NSIDE}
D0 100 I=14N
1PN=T+N
DO 100 J=1,N
JPN=J+N
WMK==KHL¥WL*AMAL [, J ) +AKTT4J)
WC=WLOAC (14}
DTy d)=WMK
DOIPN, JPN) =WHK
DI, JPNY=WC
LOD DUIPN,J}=~WC
CALL DGELG{SACsDsNT¢3pLleE=1%, TER)
IF(LERNE.O1l WRLITE (NWRITE,333)
333 FORMAT(*~*,50%, [1C)
00 110 I=1,N
XCLII)=ERO
XSL{T1=ERD
XCR{ [V =ERO
110 XSR(I}=ERO
DO 120 I=1,N .
XCLOT)=CRCNI4CTIAI)#TIME(ZI-STE (T USTIME(L)4CIITIIT}TIME(4)=-SIII(I)
14TIME(D)
120 XSLEID=SIAI +CITQI)*TIMECL)#SITQE)®=TIMECZ)SCTITI(I)*TIME(3)+STILIL)
L*TIME(4) :
DO 130 J=1,3
DO 130 I=14NT
130 SAC{{sJ}=ERU
NORE AD=1+NOREAD
NSIDE=2
CALL FORCIN(NOREAC ,NSIDE]
D0 140 I=1,N
[PN=T &N
N0 140 J=1,N
JeNs J4N . B
WHK=~WREWRSAMAL L, J)+AK([,J)
WC=WRBAL (1,0}
001,J)=HHEK

w
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DUIPN JPN) =HWMK
OlI4JPNI=HC
140 DUIPN,J)=-WC
CALL DGELG{SAC+DyAT¢3,1.E-14,1ER) -
IFCIER.NE.O) WRITE(NWRITE,; 333}
DO 160 I=1,N
XCRUDI)=CI(I)*TIME(O)-SE{TI*TIME(SI+CIT(II*TIMRE(B)-SIT(T)*TIMELT)
TeCITI(IN*TIMECLO)-SITICTI*TIME(D)
160 XSR{I)=CI(I)*TIME(S) +SI(I)I.TIME(S)I+CTRILII*TIME(T)«SII(I)*TIME(B)
LeCITICI)#TIME(9)+STTII(I)*TIMELLD)
WRITEINWRITE,L79])
179 FORMAT(*1")
WRITE(NWRITE,210) FAST
WRITE{NWRITE,190)
WRITE(NWRITE,L78) WL WR
WRITE(NWRITE,3000) AMPL,AMPR
3000 FORMAT{®*-*,25X,*TFE AMPLITUDE {FEET) OF THE LEFT AND RIGHT®
ToIX, *SINUSOIDAL PATHS ARE RESPECTIVELY®/%0%,4T7X,1P2D15.4)
190 FORMAT("-'410X,*THE SINUSOIDAL FORCING FREQUENCIES {RADIANS/SEC)'
11X *FOR THE LEFT AND FOR THE RIGHT SIDE WHEEL PATHS ARE'
291Xy *RESPECTIVELY®)
210 FORMAT(® *,30X,'THE SPEED (FEET/SECOND} OF THIS VEHICLE®
Loy1X,*IS EQUAL TO*",1PLD12.4)
178 FORMATI['0" 435X, "WL="31P1022.15, 10X, "WR=",1P1D22.15]}
WAVEL=6,28318530T179586#FAST /HL
WAVER=6,283185307179586%FAST /hWR
WRITEINWRITE,4) WAVEL ,MAVER
4 FORMATI®*-* 25X, "THE WAVELENGTH OF THE LEFT AND RIGHY SINUSOIDAL®
LolX, *DISPLACEMENT FUNCTIONS ARE RESPECTIVELY*/'0Q*,40X,1P2025.101
HRITEINWRITE,L177)
L7T FORMATI{"D® 4250, "0OLTPUTII) = A(I1#COSIWL*T) + B{I)*SIN(WL*T) + *
Lo lXo*CU1)#COSIWRET) + DUI)*STINIWR®ET)*)
WRITE(NWRITE,181)
181 FORMAT(*=" oLl TX,"ALL) " y26Xe*BI1)",26X,'CUI)",26X'DI1}7}
00 170 I=l.N .
170 WRITE(NWRITE,1B0) XCL(L)oXSL{L) XCRUTIDXSR(I)
180 FORMAT(*0"'",1P4D30.151}
DIFFER=DABS{WL~WR)
IFIDIFFER.LT.1.0-7) CALL WEQUAL
HL=WL+STEPL
WR=HR+STEPR
IFINSTEPS.GE.NOREAD) GO TO 200
sTop
END



SUBROUT IMNE DEFINE

REAL®B M,C4K

REAL #4 ML M2 M3, MG MS,ME, M7, MB,MT

REAL #*4 MILoMIZoMIIeMIGMIS MIZoHI49MHHZ I MHAP&TPE24P2T,PB4,PBT
UP%9 :
REAL #4 K1,K2¢K3 Ko oKS¢KOJKToKByKTsK10 K11 4K12,K134K14,KL15,K16
REAL %4 K1T,K18,K19,K20, K21, K22,K23:K24

COMMON/ INOUT /NREAC ¢ MWR ITE, NPUNCH
COMMON/MATHMCK/MI1T41T)CCLT31T7)4K(LT417)
NAMELIST/MASSES/MLoM2 M3 M4 M5 ML MTMB,MI

NAMELIST/INERTA/MIL MI2oMI3 o MI4MISsMI2Z MI4,MHZ MH&,
1P6TPE2Z,P2T,PB4,PEIPET

NAMELTST/DAMPER/C1+C24C3+C4,C5C6,4C7+C8,C9,C10,C11,C12,C23,CL4,C1S

1:C164CL7,C18,C19,C020,C214C224C23,C24

NAMELYST/SPRING/KL K2 K3 gKb K5 KOs KTyKByKI K10, K11sK12eK13,K149K15

1oK16 K17 oK B K19, K20+ K21 +K22:K23,K24
NAMELIST/DIMENSA B oCCoDeEsFoGyHoPoQoRsSeToUpVyHeXeVol
READIMREAD,MASSESY
READ{NREAD, INERTA}
READ(MNREAD, DAMPER }
READ(MNREAD,SPRING)
READINREAD,DIMEN) .
30 FORMATI®L',T43,'FCR THIS SEMI-TRAILER TRUCK THE CHARACTERIZING®
1/% ¢,753, "PARAMETERS ARE AS FOLLOWS.'////)
40 FORMATIY *3T14*DAMPERS® ;740 *SPRINGS s T60,; *DIMENSIDONAL LENGTHS®
14787, "MASS MOUOMENTS OF INERTIA',T120,°MASSES®Y)
60 FORMAT(® *3T12, " (KIP=SEC/FT)*yT40, " (KIP/FT) " F6Ba " (FT)"T9l,
LU {KIP—SECE#2-FT ), T115, " (KIP-SEC*®2/FT)*}
L FORMAT(®0*;TLL,"Cl=? EL3uboTIT, K1m"yEL3.6,T64, A= EL13.6,T90,
LoMIl="4EL3:.6,T1164"M1="4EL3.6) : . .
2 FORMAT(0"yTLL,"C2="4ELl3.6sT37,%K2="3E13.6,T64,'B="3EL3.6,T90,
2'MI2="4yE13.6,TL16,"H2=",E13.61
3 FORMATU'OYyTRL,"C3="yE13,6,T37, 'K3="4EL13.6,T63,°'CC='4E13.6,T90,
3'MIA= 4 EL3.64T11H,"M3=",E13.6])
& FORMATL'0® 3TL1Lp"Ca="yEL3.6,4 737, R4=yE1Bab,TH4,'D=",E13.0,T9D,
Gi¥MIG2% oELl3eb4,T1L6,"M4="ELl3.6)
5 FORMAT("O® T1h,*°CS=0ELl3.69T37, K55 "3EL3ubsT6hy"E="4EL1T.6,T90,
S5*MI5="gE13.6,TLL6E,"M5=",EL3.6)
6 FORMAT( Q"3 T1Lk,*Cel="4EL13ab,T37,"'KO="4EL30bsTo4s"F="3EL13.6,T90,
6'MI2=*3E13.6,TLLG,"Mb=",EL13.6])
T FORMATI'O" g ThL s "CT="pEL3.64T3T"KT="9EL1306,TH4e"G="pEL13.6,T90,
T ML= 3ELl3a6,T116,"MT=",L13.6])
B FORMATI'D"yTLhLl,"CR="pE13.64T3T,9KB="sELYabyTO4 " H="pE13.6,T90,
BYMHZ=® 4 EL3 .6, T11b,*MB=",E13.6)
9 FORMATUI'0® yT11,°CS="yE1346,T37 ;" KI="4ELIabTE4, " P=",EL3,6,T90,
QVMH4=* 3 EL3.6,T116,"M9=",E13.6)
10 FORMATI Q" T10,'Cl0="yE1l3,6,T36,°KL0="3E13ub,T64,°0=",E13,6,790,
2'P6T= 4 E13.6)
11 FORMAT('0'yT10,°ClLl=? E13.6,T36,'KLE=",EL3.6,Tb4y "R="1EL3.6,4T90,
2'P62=",F13.6])
12 FORMAT('0"3T104"CLl2="3E13e6,T36, " K12=3EL3:6,T645°53",EL3.6,T90,
27P2T=",E13.6)
13 FORMATI'0® ) T10,°C13="3EL3:.6,T36, 'K13=4EL3.b64ThA " T=?3EL3.6,T90,
2°PB4=" 4EL3.6)
14 FORMATI'0?yT10,°Cl4="yE1l3.6,T36, " K14=" ,E13ab, T4, 'U=?3ELA06,T190,
2°PBY="4EL13.6)
15 FORMATI"0'T10,%C1l5="+E1l3a6,T36, " KLS5="ELBo b, T4, *V=",EL3.6,T90,
2°P49=" E13.61)
Lé6 FORMAT('0"sT10,'Clo="4E13e6yTA64 " K16=",EL13,6,Tb4&y "W=",EL3.6)
1T FORMATI®O® 710, 'CLlT="E13a6,T36, " K1T="4EL13.6,Thé, "X="4E13.61)



18 FORMATI®0®,T10,"CLlB=" jE13.6,T36, " K1B=*E13at,TEh 'Y="4EL3.6)
19 FORMAT(®0"3T10,°CI9="yEL13a6+T36:"'K19="4EL13.6,T64y"2=",E13.6)
20 FORMAT(®*0*,T10,°CZ20="4E13.6,T36,"K20="4E13.61
21 FORMAT('0°®,T10,°C21=",E13.6,T36,'K2Ll=',EL13.6}
22 FORMAT('0f,TLD,'C22="4E13.6,T36,"K22=",4E13.56)
23 FORMATI®0*,T10,%CZ23=",EL3.64T36,'K23="4EL13.6)
24 FORMAT('0"4T105°C24="yE13a6,T36,'K24="E13461)
WRITE{NWRIVE, 301
WRITE(NWRITE,40)
WRITE(NWRITE,60)
WRITE(NWRITE, 1) Cl oK1 ,4 ,MIL,Ml
WRITE(NWRITE, 2) C2 ,K2 B ,MI2,M2
WRITE(NWRITE: 3) C3 4K3 CCoMI3,M3
WRITE(NWRITE, 4) C& K& ,0 JMI4,F4
WRITEINWRITE, 5) C5 4KS 4E +MI5:M5
WRITE(NWRITE, 6) C6 4K& oF ¢MJ2,M6
HRITE(NWRITEe T} CT +KT oG #MJI4oMT
WRITE(NWRITE, B) C8 K8 +H yMH2,M8
WRITE(NWRITEs 9) C9 K9 4P ¢MH4,M9
WRITE(NWRITE,10) ClO,K10.Q:P6T

c

CHVMMMMMMMMPMMEPY VMMMMMMF MY MM MMM PV M MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

C

WRITE{NWRITE(L1}
WRITE(NWRITE.12)
WRITE (NWRITE,13)
WRITE (NWRITE, 14)
HWRITEINWRITE15)
WRITE(NWRITE,16)
WRITE(NWRITE,LT)
WRITEINWRETE, 18]
WRITE (NWRITE,19)
WRITE(NWRITE,20)
WRITE(NWRITE, 21}
WRITE(NWRITE,22)
WRITE(NWRITE,23)
WRITE{NWRITE 24}

MR=M&6*MB/ (M6+MB)
SPA=S#*,5+A
SMA=S#.5-A
EPR=E+R
TT=T*.5
FMQ=F-Q
LISERREL )Y
K2y 2)=M2+14
M2 10)==-Ha%*A
M(2,12)=M4%D
M{2,14)=-MotD
M2y 15)=-M4%E
M{3,3)=M3
Hib,4)=M5
M5, 5)=MT+H9
M(5,101=M9ep
M(5,121=-M9%Q
M{5,16)=MI*R
M{5y 1T )=MI*E
MGy 6H) =ML
M{T, Th=M2
M(B,8)=M5
M{9,9)1=MI1

Cll.K1l+R,P62
Cl2,K12y5,P27
Cl3,K13,T,P8%
Cl4.K14,U,PB9
Cl5.:K154V,P49
ClosKlbeW
C1T:K1T X
Cl8+K1B,Y
C1l9:K19:2
€20,K20
C21.,K21
C22,K22
C23,K23
C244K24



MILD ;10 ) =M&FARA+ MS*PEP+M]2
MU1D,12)=-A%D¥HL—F*QEMT
MILDy1&)= Ma%ARB-P&T
MUID15)= M4®ARE
M{L1D,16)=MI9*¥P*B=-P6&2
M(10,17i=My*pPeE
M{11.10)=MI3
M{12:12)=M4%D*D+MG*EQEQ+M4
M{12,14)=-M4L*D%B
MU12,15)=-M4L*DEE-PBI
M{12,18)=-MT+Qep
M{12,17)=-M9+Q*E-PB4
M(13,13)=MI5
M{16414)=M4*B*B+MR¥P¥P+MJ2
M{14,15)=M4*B*E~MR¥P&Q
MELlGy 16 ) =—P*AXMR-P 27

MUl4 51T h=sMR*P*E
MILS5315)=M4tEXE+MRACEQ+MIS
M{15,16)= MR#*Q*A
M{15,:1T)=-MR¥Q*D-P4&9
M{16,16)=MREA¥A+MSEB*B+MKH2
M{16,17)=-A%D*MR+B*E*M9
MILTs LT )I=MR*D*D+MSHE*E+MHG

C
{8 o o o o o oo o o o o o o o o o oY o o o o o oo of o o8 of . of o o o o o of o8 o o o of o of Y o o of o o o o o o o o o] o o o f o8 of f o o of o of Y o1

c

Cllyl)=CleC2+CT+CE
Ci{l,2)=-Cl-C2

Cll,9)= wWe(CB-CTI+U*(C2-CL)
Clly10)= SPA®CL=-SFA*C2
Cllyl4)==G*(CL+C2) '
Cl2,2)=Cl¢C24CA+La+C5¢CH
Cl2,3¥=-C3-C4

Cl2;4)==C5-C6

Cl2.9)=U*(C1l-C2)
Cl2,10)==SPA*(CL+CI)+SMAS(C24C4)-AS(C5+CH)
Cl2,11)sU*{(C3-C4&)
Cl2,12)=TT#(C6-C5)
Cl2,13)=U*{C5-Co)
Cl2y14)=CL*G+C2%G-CI¥H-C4#H-C5*B-C6*B
Cl2,15)=—EPR*¥(C5+(C6)
C(3,3)=C3+4C4+4C9+C10
Cl3,10)=SPA*C3-SMA®CY

Cl3s 1l )=W*(C10-CII+U*{C4-C3)
Cl3,14)=CI¥H+CLOH '
Cl4,4)=C5+L6+CLL+CL2
Cl4y,10)=A%(C5+C6)
Cl4,12)=TT#(C5-C6)
Cl4,;13)=We(C12-Cl1l)+U*(C&~CS)
Cl4y14)=C52B+C62B
ClhyLSY=EPR¥(C5+CE)
CU5,51=CL5+CL6+C1G+C204C234C24
C(5;6==CL5-C1é
CI5,T)=-C19-C20
Cl5,8)=-C23-(24
Cl5:9)=v#(C15+Cl6)
CI5:10)=CC*(C15+C16+CL9+C20H4C23I%P+C24%P
ClS,11)=veiIC1l9eC2C)
C(5412)=(C23+C24)%FMQ
C(5:13)=Ve{C23+C24)
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c

CREKKKKKKEKKEK KKKKKKKKKRKKKKKKKKKKKEKKKRKKKKKKKKKKKKKKKKRKKKKKKKKKKRKKKKKKKRKKKKK

c

CI5,16)=-CLl5%G-Cle*GeC19®H+C202H+C23#A¢C 24D
Ci5,17)=0C23+C2%) %EPR

Clée6)=C134C14¢C15+C16

ClésII=¥*{CLlI+C14)-v*(CL5+C1lb)

Cl6,10)=-C1l5%CC-Cl6%CC

Clee16)=CLl52G+C16%G

ClT7T)=C1l7+CLB+C15+C20

CIT7410)==C19%CC~C20%CC

ClTy i)=Y (CLT+ClRB)-V*I{CLI+C20)

ClTe16)==C19%H=-C2C*H

C{ByBI=C21+C224C234C24

Cl8y10)=—C23¢P-C24%P

Ci8,12)=—FMO*{C23+( 24}

CiBsL3)=y&{C214C22)-V*(L23¢C24)

Clg,16)=-Bs{C23+C24)

Cl8,17)=~(C23+C24)*EPR

C{9s D) sWEWE{CTCBI+YHYF({CLI4C14) +USUR{CL4C2)+VEVE(CLIS+CLG)
C{9:10)1=-U*e{SPA*CL+SMAKC2} +VECCHICL5+C 16}
Cl9y14) =G (C1l-C2)

Ci{9 16)=~VeGE[C15¢C16)
Ci10,10)=SPA*SPA*(C1+CIDI4+SHARSHMAR(C2+C4I+CC*LO*(C154C164C19+4C 200+
LARAR(CS4CH)+PEPR((234C24)

CllO 11 )==UR{SPA*CI+SMA*CH) +CCHYR{CL19+C20)
CULD12)=A*TTH(CS-COI+PEFMQ¥(C234L24)
CllD+13)=AFU*(CO6=C5)+PE V*{L23+4C24)

CllD¢14)==G* {SPA*CL-SMA®C2) +H* [SPA*CI-SMARC4L) +A%B*(LS+CH)
CilDe15)=A% EPR #iC54C6) :
Cl10416)==CCoGH{C15+CL6)4CCHHR[CL1I+L20) +P*B#{C234C24)
C{10+17)=P*EPR #(C23+C24}
Clllell)=WAWe({CO¢CLO)+Y*YX{CLT+CLIBI+U*U*(CI+C4H)+VEVE(LCLI+C20])
Cllls14)=U*H*{C4=C3)

Cl1l1,18)=VeH*(C194+4C20)

Cll2+121=YT%TY2(CS+CH) +FHMQ¥FMQ*(C23+C24)
Cl12413)==TT#U*{CS5+C6) +FMQ*V# [C23+C24)
Cll2,14)=TT*B*(C5-CH)

Cl112,15)=TT*EPR*(C5=C&)

Cll2,16)=B*FMQ*(C23+L24)

ClI2,17)=EPR*FMQH{C234C24)
ClL3,13)=WeW{CL1+CL2)+YRYR[C2L+C22)+UsUS{C5+COI+VEYR(C234C24)
Cl13414)=U*BH{L6-C5)

Cl13,15)=U*EPR*{C6E-C5)

Cl13,16)=v*RE(C23+C24)

Cl13,41T7)=V*EPR*{C23+L24)
Clla,14)=G#G*{CL+C2)+H*H*{CI+C4 ) +B*BE(C5+C8H)
Cll4,15)=8%EPR*{CS5+CH)

CilS151=(C54CH)*EPR*EPR

Clle o160 =G*GE(CLS¢C16 ) +HIHE{C L19+C20)+B*B2(C23+L24)
Cll6,171=B*EPR*{C23+L24)

CLL7,17)=(C23+C24)*EPR*EPR

Kllel)=K14K2+KT+KE

Kllp2)==-K1-K2

Klle9)mW (KA-KTI+L*[K2=KL1) k A
K{ly10)=SPA*K1-SMA®K2
Kllyla)=~Gr{KL+K2)
Kl2¢2)=KL4K2Z+KI+KLH+K5+KE

Kl2e3)==K3=K4

Kl2¢4)=-K5-K6
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K{2,9)=U®[K1=K2)
K{2,10) ==SPA®[KL1+KI I+ SMARIKZ2+KL ) -AT(KS+KSE)
Kt2e LL)I=U*(K3-K&)
KI2,12)=TT#(K6-K5}
K{2y131=Us{K5=Kb}
Ki2p14)=K18G+K2¥G-KItH-K4*H-KS*B-Kb%8
Kl2e15)=—EPR®{KS¢K& )
K3 3)=K3+4K4+KI+KLO
K{3, 101 =5PA*KI-SHARKG
K3, 11) =W (KLO-KPI¢UR{K4&=-K3 )
Kl 14)=KI32HeK4*H
Kide#4)=K5¢KE+K1]1#K12
K&, 10)=A%[K5¢KE )
Kibel2)=TTH(KSE—-KE])
Kidgl3)=wr(KL2=-KLL1)+U®{KL-KS]
Kidy14)=K5%B +tKo*B
K{4y15)=EPR&{K5+KE)
KiSeS)=K15+K16+K1S4K20+K23+K24
KiS5:6)=-K15=K16
Ki{5: T)==-K19-K20
K(5,B8)=-K23-K24
K(S,9)=ve{K15+KL6)
KiS, LO)=CCo[K15+KI6+KLA+K20)+K23*¥PHK24¢P
K{Sg1Ll)=v*(K19+K2C)
K{5,12)1={K23+K24)*#FMQ

K5y LI =sVEIK2I+K24)
K(S;16)=-K1S#G-KLlE#G+K19#H+ K203 HeK234A+K 2448
KISs171=(K23+K24)EPR
Klbyb)l=K1I4K[4+KL15+KL&E
KL6,9)=Y¥{K1A+K14)=V*{KLI5+K LA}
Ki{6,10)=-K15#CC-K1lo6*CC
Kib6y 16)=K15%G+K164G
KT T)=K1T+K184K19+K20
KiTy101=—K19¥CC-K20%CC
KlTo 1) =Y*{KL1T+K1E)-V¥(KLI+K2ZC)
K{Ts16)=-K19#H-K2C*H
KiByBI=K2L+K22+4K234K24
K8y 10} ==K23#P=-K24%P
K(By12)=—(K23+K24 ) *¥FMQ
KiByl3)=Y*(K21+K22)~-VE[KZ23eK24])
K(By 161 =—B*{K23+K24}
KlBe 1T)=—{K23+K24)%EPR
K{Ds ) =REWR(KT+KBI+YEYS (K14 14 I+UBUR K1 +K2 )+ VRYE(KL54K16)
KI9y10) =—UR [SPARKL+SMASK2) ¢ VECCH(KL5+¢K16)
KiGy L&) =UB(GR{KL-KZ]
Kl 16)=~V¥GE(KL5¢K16}
KILD ¢ 10 ) =5SPA*SPAR (K1 +K3IJ+SMARSMARIK24K& ) +COCRCOR(KLS+K164+K194K20)
LHARA K KSHKG ) +POPR[K234K24)
KI10 211} =—Us(SPA¥KI+SMASKL)+CCHVERI{KLI9+K20)
KI10,121=A%TT*(K5~-K6)+P#FMQ*(K23+K24)
K{ID 4131 =AU {KE=KR5 ) +Pey ¥ {K234K24)
Kl1D o 14 )=~GH(SPASKL-SHA#K2 I 4H®(SPARKI-SMASRKS ) +A%B* [KS5+KE )
KI10415)= A®EPR¥(K5+KE)
K{l0¢16)=—CC*G* (KI1S+KL6) +CCHHE(KET+K20) +P*BR(K23+K24)
KiID, 1T)=PREPR &(K223¢K24)
Klllpll)=WeWe (KI4K10) ¢ YoV (KLIT+KLIBIeUsUR(KIeKG) e VEVE(KLI9+K20)
K{1l 4141 =U%H* {K4=K3)
KElly16)=VeH®{K19+K20)
K{12412)=TT4TT*{KS+K6) +FHQOFMQ®(K234K24])
KI12413)=-TToU* (K5+KO D #FPQrVH{K2I4K24)
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KILZ,14)=TT*B¥(KS-KAE)
K{12,15)=TT*EPR*{K5~-K6E)
K(1l2,16)=B*FMQ *(K23+K24])

K125 17)=EPR*FMQ#{K23+K24]
K(13,13)=WéWs(KLL+K12)+YRYR(K2L+K22)+URUR{KS+KE)+VEYE(KZ23+4K24)
K(13,14)=UsB*(Ka~K5)

K{13,15)=U%EPR *(K6&-K5)
K(13,16)=V*B*(K234K24)
K13, 17)=V*EPR* (K23+K24) 2
KlLG, 14)=G¥GH[KL+K2) tHEH* (KI+K4 ) +P*D%* (KS5+KE)
K{l4,15)=B% EPR* [K54Ké&)
K(15,15)=(K5+K6)+EPR*EPR

K16, 161=G*G*(K15+K16)+HEHS (K]19+K20)+B*B+{K2I+K24 )
K(16¢17)=B*EPR *(K23+K24)

K{1T 4L T7T)={K23+K24 | *EPRP®EPR

D0 70 I=1,16

N=l+1

DD 80 J=N417

MideT)=MU1,d)

CiJoI1=Cllsd)

KlJy T)=KI1sJ)

CONT INUE

RETURN

END
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BLOCK DATA

IMPLICIT REAL®B(A-H,0-Y]
COMMON/DYMAM/D 34, 34) ¢ VALU( 34,42)
COMMON/MATMCK/AMI1T L7 1, ACILT LT} AKILT,1T)
COMMON/AL/DLILT+17) AMALLT,1T)
COMMON/ORDER/NMOsh ¢NPOyMTMOsNT NTPO,NN,NTNT
COMMON/ INOUT /NREAC y NWRITE ; NPUNCH

DATA D,VALU/Ll224%C.00/

DATA NMO,NyMNPONTHDyNTNTPOsNNNTNT/165175»1B933,34935,289,1156/
DATA NREADyNWRITE,NPUNCH/S¢b¢ T/

DATA AM;AC,AK/B867T#0.D0/

END
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SUBROUTINE FORCIN(NOREAD,NSIDE)
[MPLICIT REAL®8(A=H,K,0-Y}

REAL #8 DCOS,DSIN
NAMELTST/FORCE/CVIT,CVITT LIy CHoCXToCRIT KV KVITT KIK KX, KXI,
AKXITsAL ¢ AR o WIDE BT yGH1 s GBER2y SPEED s FWL o F WR s RUNGL y RUNGR » NUMB :
COMMON/RL/TIME(LO]

COMMON/COSSIN/SAC(34,3)

COMMON/MISC/WL y WRFAST,STEPL, STEPR,AMPL s AMPR, FAZE (NSTEPS
COMMON/ INDUT/NREAL s NWRT TE s NPUNCH

DIMENS ION CLOLTI,CITILTIoCHET{17),SIALT),SITL{LT),STITIIT)
EQUIVALENCE{SAC(1,1),C1),(SAC{L42),C11),(SACCL,3),CIIF)
EQUIVALENCE(SACILE, L5101, [SACCLE,2) 4 STT) ¢ (SACILB,3),S1ET)
[F(NDREAD.NE.O) GL TO 10

READ (NREAD, FORCE }

WL=FWL

WR=F KR

FAST=SPEED

AMPL=AL

AMPR=AR

STEPL=RUNGL

STEPR=RUNGR

FAZE=BT

NSTEPS=NUMB

CONT INUE

IF(NSIDE.EQ.2) GO TO 20

TL=WL*GH1/FAST

T2=WL*GBER2/FAST

TIME(L)=DSINIT1)

TIME(2}=DCOS{TL]

TIME(3)=D5SIN(T2)

TIME {4}=0C051T2])

TL=WHAR®GHL/FAST

T2=WREGBER2/FAST

TIME(5)=DSIN(BT)

TIME(6)=DCOS(BT)

TIME(T)=DSIN(BT+T1)

TEME(B)=DCOS(BT+T1)

TIME[9)=DSIN(BT+T2)

TIME(10)=DCOS[BT+12)

AW=AL*WL

CIC(L)=AW*CYI]

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

ST1Y=AL*KVII

SI{9)=-WIDE*SI{L]

CII(3)=AMSCIX

CIT(11)==-WIDE*CTI{3)

SII(3)=KIX*AL

SIT(11)=-WIDE*SII(3)

CIIT(4)=CXI%AN

CIIT(13)==WIDE*CITE(4)

STIL(4)=AL#KX]

SITT(13)=-WIDE*SI11(4)

RETURN

AW=AR¥NR

CIM1)=AWSCVITT

CI(9)=WIDESCI(L] o

SICL)=AR®KVIINT

SI(9)=WIDE*ST(L]

CTI(3)=AN¥CK

CITILL)=WIDESCII(])



SIT(3}=ARSKX
SIILL1)=WIDE*STII13)
CIITR4Y=AWSCXI]
CIITtYI3)=WIDE*CIII{4)
SIIT(4)=aR*KKI]
SITILL3)=WIDE*S511114)
RETURN

END
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DGELGOO3
SUBROUTINE DGELG (THIS IS ONE OF THE SUBROUTINES IN THE IBM
SYSTEM/360 SCIENTIFIC SUBROUTIMNE PACKAGE).
DGELGODS
PURPOSE DGELGOO6
YO SOLYE A CENERAL SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS. DGELGOOT
DGELGDOA
USAGE DGELGOO9
CALL DGELGIRgAM N,EPS, IER} DGELGOLO
: DGELGOL1
DESCRIPTION OF PARAMETVERS “ DGELGO12
R - DOUBLE PRECISION M BY N RIGHYT HAND SIDE MATRIX DGELGD13
(DESTROYED)e« ON RETURN R CONTAINS THE SOLUTIONS DGELGDL%
OF THE EQUATIONS. . DGELGOI1S
A = DOLBLE PRECISION M BY M CDEFFICIENT MATRIX - DGELGO1&
(DESTROYED)« . DGELGOLT
M = THE NUMBER OF EQUATIONS IN THE SYSTEM. OGELGOLS8
N = THE NUMBER OF RIGHT HAND SIDE VECTORS. DGELGO19
EPS = SINGLE PRECISION [NPUT CONSTANT WHICH IS USED AS DGELGO20O
RELATIVE TOLERANCE FOR TEST ON LOSS OF DGELGD21
SIGNIFICANCE. DGELGOD22
[ER = RESULTING ERROR PARAMETER CODED AS FOLLOWS DGELGO23 .
IER=0 - NO ERROR, DGELGO24
[ER=-1 - NO RESULT BECAUSE OF M LESS THAN L OR DGELGO 25
PIVOT ELEMENT AT ANY ELIMINATION STEP DGELGO26
EQUAL TO 0, DGELGOZT

TER=K <~ WARNING DUE TO POSSIBLE LOSS OF SIGNIFI- OGELGO28

CANCE INDICATED AT ELIMINATION STEP K¢l, OGELGD29

WHERE PIVOT ELEMENT WAS LESS THAN DR OGELGD30

EQUAL TO THE INTERNAL TOLERANCE EPS TIMES DGELGOD3L

ABSOLUTELY GREATEST ELEMENT OF MATRIX A« DGELGO32

DGELGD33

REMARKS ' DGELGO3%
INPUT MATRICES R AND A ARE ASSUMED TO BE STORED COLUMNWISE DGELGOD3S
IN M*N RESP. M#*M SUCCESSIVE STORAGE LOCATIONS. ON RETURN DGELGD36
SOLUTION MATRIX R IS STORED COLUMNWISE TOO. DGELGOD37
THE PRUCEDURE GIVES RESULTS [F THE NUMBER OF EQUATIONS M IS DGELGO3R
GREATER THAN O AND PIVOT ELEMENTS AT ALL ELIMINATION STEPS DGELGO39
ARE DIFFERENT FROM 0. HOWEVER WARNING [ER=K = IF GIVEN - DGELGO40
INDICATES PCSSIBLE LDSS DF SIGNIFICANCE. IN CASE OF A WELL DGELGO41
SCALED MATRIX A AND APPROPRIATE TOLERANCE EPS, IER=K - MAY BE DGELGO42

INTERPRETED THAT MATRIX A HAS THE RANK K. NO WARNING IS DGELGO43

GIVEN IN CASE M=l. ) DGELGD44%
DGELGD4S

SUBROUTINES ANC FUNCTION SUBPROGRAMS REQUIRED DGELGO46
NONE DGELGOD4T
DGELGO48

METHOD DGELGD49
SOLUTION IS5 DONE BY MEANS OF GAUSS—ELIMINATION WITH DGELGOS0
COMPLETE PIVOTING, . DGELGOSL
DGELGDS2
©stsssscescs0ssrssncsseussocacNELEBTssssssssEssbssacnsansnnnnaoneeDGELGDS3
DGELGO54

SUBROUT INE DGELGU{RsA,M;N.EPS, 1ER} DGELGOSS
DGELGOS6

DGELGOST

DIMENSION A{Ll),RI(1) DGELGOSSE

DOUBLE PRECISION ReA.PIV,TBTOLPIVI DGELGO59
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IFIMIZ23,23,1

SEARCH FOR GREATEST ELEMENT IN MATRIX A
1ER=D

Piv=0.D0

MH=M M

NM=NaM

00 3 L=1,MH

TB=DABS(ALL]

IF{TB-PIVI3e3,2

PIv=T8

I=L

CONT INUE

TOL=EPS*P1YV :

A(I) LIS PIVOT ELEFENT. PIV CONTAINS THE ABSOLUTE VALUE OF Alll.

START ELIMINATION LCOP
L5T=1
00 17 K=1.:M

TEST ON SINGULARITY

IF(PIV)23,23,:4

IFIIERI T4 547

IFIPIV-TOL )60 647

IER=K~1

PIVI=1.00/A11)

Ja{I=11/HM

I=-J¥M-K

Jadel-K

1#K IS5 ROW-INDEX, J#X COLUMN-INDEX OF PIvOT ELEMENT

PIVDOT ROW REDUCTICN AND ROW INTERCHANGE IN RIGHT HAND SIOE R
00 8 L=K NMgM

Ll=L+1

TB=PIVI4RI{LL)

RELL)=R(L)

RIL)=TB

1S ELIMINATION TERMINATED
IF{K-M)9,1B,18

COLUMN INTERCHANGE "IN MATRIX A
LEND=LST+H=K

IF{J112,12,10

Ii=J#M

D0 11 L=LST4LEND

Te=AIL)

Li=L+T1

A(L)=A(LL)

AILL)=TB

ROW INTERCHANGE ARD PIVOT ROW REOQUCTION IN MATRIX A
00 13 L=LSToMMeM

LL=L+¢]

TB=PIVI®A(LL)

AlLLI=ALL}

AtL)=TB

SAVE COLUMN INTERCHANGE INFORMATION

DGELGOSO
DGELGOS1
DGELGOb62
DGELGO63
DGELGO 64
DGELGO6S
DGELGO&6
DGELGO&T
DGELGO68B
DGELGO6YS
DGELGO 70
DGELGOT1

DGELGOT2

DGELGOT73
DGELGO 74
DGELGOTS
DGELGO 76
DGELGO 77
DGELGO T8
DGELGOT9
DGELGO 8O
DGELGOB1
OGELGO 82
DGELGO83
DGELGO 84
DGELGO 85
DGELGO B&
DGELGOB8?
DGELGOSS
DGELGO 89
DGELGO90
DGELGO9L
0GELGO92
OGELGO93
DGELGO94
OGELGO9S

" DGELGO96

DGELGO9T
DGELGO98
OGELGO99
DGELGLOO
DGELGL1O1
DGELGLO2
DGELGLO3
DGELG1 04
DGELGL1 OS5
DGELGL1D6
DGELG1O7
DGELGl 0S8
DGELG109
DGELGL10
DGELG111
DGELGL12
DGELGL13
DGELGL 14
DGELG115
DGELGL 16
DGELGLLTY
DGELGL 18
DGELG119
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sl aNalal

[z alsl

14
15
16
17

18
19

20

21
22

23

ALST)=y

ELEMENT REDUCTION AND NEXT PIVOT SEARCH
PIV=0.00

LST=L5T¢lL

J=0

00 16 I1=LST,LEND
PIVI==A(L1)

IST=114H

J=del

D0 15 L=IST,MM,M
LL=L-J

ALY =A(LI+PIVISALLL)
TB=DABS (A(L))
IFITB-PIVIL5,15,14
PIV=TB

=L

CONT INUE

DO 16 L=K,NM,M

LL=L+J
RILL)=R{LL)+PIVI*R(L}
LST=LST+M

END OF ELTMINATION LOOP

BACK SUBSTITUTION AND BACK INTERCHANGE
IFIM-1)23,22,19
[ST=MMeM

LST=M+1

00 21 I=2.M
IE=LST-1
1ST=1ST=LST
L=IST=-M
L=A(L)+.5D0

DO 21 J=I1,NM:M
TB=R{J)

LL=J

00 20 K=IST MMM
LL=LL+1
TB=TB-A(K)*R{LL)
K=J+L

R{J)=R(K)
RIK)=TB

RETURN

ERRDR RETURN
IER=-1
RETURN

END

DGELG120
DGELGL121
DGELG122
DGELGL23
DGELG124
DGELG125
DGELGL 26
DGELGL2T
DGELGl28
DGELG129
DGELGL30
DGELG131
DGELGL32
DGELGL33
DGELGL1 34
DGELGL35
DGELGL36
DGELG137
DGELG138
DGELG139
DGELG140
DGELGL41
DGELGL42
DGELGL43
DGELGLl44
DGELGl45
DGELGL46
DGELGL14T
DGELG148B
DGELGl49
DGELG150
DGELGLS1
DGELG152
DGELG153
DGELG154
DGELGL55
DGELGLS6
DGELGLS7
DGELG158
DGELGL59
DGELGL&0
DGELGL61
DGELGL62
DGELG163
DGELGLO4
DGELGL165
DGELGl&6
DGELGLET
DGELG1 b8
DGELG169
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SUBROUT INE WEQUAL
IMPLICIT REAL®8({A-H,0-Y)
REAL #8 DSQRT
COMMON/DOUT/XCLULT) ¢ XSLULT) s XCRULT) 4 XSRULT)
COMMON/MISC/WL o WR (FAST,STEPL ) STEPRyAMPL,AMPR, FAZE ¢ NSTEPS
COMMON/ORDER/NMO 4N yNPO¢NTMD ,NT o, NTPO,NNgNTNT
COMMON/ INOUT/NREALC y NWRITE s NPUNCH
DIMENSION AMPHMAX(LT)
DD 21 I=l.N
KSIN=XSL(L}+ XSRII}
XCOS=XCLII}+XCRI(I)
21 AMPMAX(T1)=DSQRT(XSIN#X5IN+XCOS*XCOS)
WRITE(NWRITE.1LL1)
WRITE(NWRITE.222) FAIE
WRITE(NWRITE, 1) AMPMAX( 1)
WRITE[NWRITE, 2) AMPMAX( 2)
WRITE(NWRITE, 3) AMPMAX( 3)
MRITEINHRITEy 4] AMPMAXL 4)
WRITE(NWRITE, 5) AMPMAX( 5)
WRITE(NWRITE, 6} AMPMAXI &)
WRITEINWRITE: T7) AMPMAX( T)
WRITE(NWRITE, 8) AMPMAX( B)
WRITE(NWRITE, 9) AMPMAX( 9)
WRITE(NWRITE;10) AMPMAX(10)
WRITE(NWRITE,L1) AMPMAX(11}
WRITE(NWRITE,12) aAMPMAX(12)
WRITEINWRITE, 13} AMPMAX(13)
WRITE{NWRITE,L4) AMPMAX(La4)
WRITE(NWRITE,15) AMPMAX(15)
WRITE(NWRITE, 16) AMPMAX(16]
WRITEINWRITE.17) AMPMAX(17)
FORMAT(*0" ,56XK,* X1 = ", 1P109.2)
FORMAT(®*Q",56X,"* X2 = ',1P109.2)
FORMAT{*0*s 56X, " X3 'y 1P1D9.2)
FORMAT('0® 456X, " x5 v1PLD%.2)
t +1P10D9.2)
+1P10D9.2)
v1PLD9.2)

= 1
FORMATI*0® 56X, X1 =
FORMAT('0" 56X, ° 1 =1t

FORMAT (*0°" 56X, * 13 = ¢
FORMAT(*0" 56X,* 25 = *,1P1D9.2)
FORMAT('O®*356X, *"THETAL = *,1P1D9.2)
FORMAT('0® 456X, "THETAZ = ', 1P109.2)
FORMAT('0? 456X+ " THETA3 = ', IP109.2)
FORMAT{'0",56X,"THETAL = ", |P1D9. )
FORMAT("0"¢56X, *THETAS5 = ,LP1D9,2)
FORMAT('0",56X," PHIZ = ",1P1l09.2)
FORMAT(*'0" 456X, PHI4 = *,1P1D9.2)
FORMAT('0"y56X," XI2 = ",1P1D9.2)
FORMAT{®0® 456X," XI4 = "41P109.2)

111 FORMAT('L',46X,'THE MAXIFUN AMPLITUDES (FEET,RADIANS) ARE'//)
222 FORMATI(®—%,42Xy*THE RELATIVE PHASE ANGLE(RAD.) BETWEEN SIDES IS®
L/7'0° 460X, 1PLlD103///)

RETURN

END
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BLOCK DATA

IMPLICIT REAL¥B{A-H,0O~Y}
COMMON/OYNAM/DE 34,3461 ¢ VALUL 344 2)
COMMON/HATMCK/AMILT L7 1 ACELT 1T HoAK{LTo1T)
COMMON/ZAL/DLIL1To17}AMA[LT,41T)
COMMON/ORDER/NMOgh ¢ NPO+NTHO,NT NTPONNyNTNT
COMMON/ INOUT /NREAC +NWRITE s NPUNCH

DATA D,VALUSL224%C.00/

DATA NMO,N NPOsNTFO,NTsNTPONNNTNT/L6, 17|19133s34-351289.11561
DATA NREAD NHRITEsNPUNCH/ G567/

DATA AM AC,AK/B6T20.D0/

END ’
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