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INTRODUCTION

The requirement for feedback control systems in underwater vehicles
is well established. 1In its absolute form, feedback systems are used to
control vehicle depth and yaw, while rate feedback (pitch or yaw rate)
can be used to improve a vehicle's handling characteristics. The pur-
pose of this report is to present a step~by-step procedure for the analy-
sis of vehicle longitudinal feedback control systems.

The control system discussed is general in that it allows the
designer to select any or all of four feedback loops (pitch rate, pitch,
depth rate, and depth). Each loop is analyzed separately for this pur-
pose. The root-locus technique is used in the analysis. To aid the
engineer in the design process, a computer program has been written
that will perform all the necessary computations. This program is suit-
able for analyzing both self-propelled and towed vehicles. Inputs to
the program consists of vehicle length, speed, mass, moments of inertia,
and the 30 linear hydrodynamic coefficients. Vehicle mass and moments
of inertia are computed usin% the MIDCOHV computer program WIBAL re-
ported in NCSL Report 220-74'1’, The hydrodynamic coefficients are com-
puted in the MIDCOHV computer program GEORGE. The details necessary
for running the program are presented in the users guide section. An
example design is included to illustrate the analysis of a longitudinal
feedback control system. The analysis of lateral feedback control sys-
tems is discussed in an NCSL report(z).

(1)Naval Coastal Systems Laboratory Report 220-74, The MIDCOHV Weight
and Balance Computer Program (WTBAL), by K. W. Watkinson, September
1974, Unclassified.

(®)Naval Coastal Systems Laboratory Report, The Analysis of Lateral
Control Systems for Self-Propelled and Towed Submarged Vehicles,
by Douglas E. Humphreys, Richard W. Miller, and Larry F. Dewberry,
(in publication), Unclassified




LONGITUDINAL CONTROL SYSTEM ANALYSIS

BACKGROUND

A general model of a longitudinal feedback system is shown in
Figure 1. The feedback loops are pitch rate (6), pitch angle (8),
depth rate (2), and depth (Z). The sensors are modeled as pure gains
and are denoted as K, K;, K;, and Kz. There are two command inputs:
desired depth (Z,) and desired pitch angle (6,).

The purpose of a feedback control system is to either stabilize
an unstable system, improve the system response characteristics, to con-
trol a certain variable, such as depth, or a combination of these. The
desired vehicle control is achieved by successively closing each loop
and varying the loop gain until the desired system dynamics are
acheived. The root-locus method is used here to aid in the analysis
process. For additional details on the root-locus method and the mathe-
matics of Laplace transforms, See References 3, 4, 5, and 6 and
Appendix A.

FIRST LOOP

The inner-most loop (or first loop) is shown in Figure 2. The
vehicle transfer function relating pitch rate response to stern plane
input is

8

0
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(3)lark, R. N., Introduction to Automatic Control Systems, John Wiley
and Sons, Inc., 1973.

(*)Hale, F. J., Introduction to Control System Analysis and Design,
Prentice~-Hall, Inc., 1973.

(S)Blakelock, J. H., Automatic Control of Aircraft and Missiles, John
Wiley and Sons, Inc., 1965.

(G)Hildebrand, F. B., Advanced Calculus for Applications, Prentice-
Hall, Inc., 1963.

(Text Continued on Page 4)




/s

¥ W
e
h
i
C
1 »
. 5
Ko
L

o

1/s

A

W
~J
w

FIGURE 1. BLOCK DIAGRAM FOR LONGITUDINAL CONTROL SYSTEM
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FIGURE 2. BLOCK DIAGRAM FOR THE FIRST LOOP

Where Ng = Pitch angle/control deflection transfer function
s numerator

D = Denominator of vehicle transfer function.

The numerator and denominator are functions of the vehicle hydrodynamic
coefficients. Appendix B gives the expanded form of each of the
vehicle transfer functions,

By solving for the closed loop transfer functionm, é/e , and varying
the feedback gain, Ky, the system dynamics can be adjusted to yield the
desired performance. Solving for this closed loop transfer function
yields

3“2 6 :
. 8 BN6 /
e 5 D - 8 /
o aNo D - sNO K g
8 8 0
V=" ¥
D 8

For stability: Ké > 0.

Note that although Figure 2 shows the feedback signal being added to
the input signal, the system is actually a negative feedback system
since the numerator, N6 , will always carry a negative sign.

8




Closing the first loop yilelds a new vehicle; i.e., a rate con-
trolled vehicle, with a new characteristic equation

8
' = - ¢
D D SNG KG .

]

The single prime indicates a system with one loop closure.

SECOND LOOP

Figure 3 shows the vehicle second loop after the first loop has
been closed, The vehicle transfer function with one loop closed is
denoted by Q/el. The vehicle transfer functions with two loops closed
is

1/s S Ng
8 - Bl - -
~ 5 e . ]
2 1 + o D - SNG Ke + KBNG
1 s s
For stability: Ky < 0.
\'
e
e e h 5
__L’®—L—ﬁ i l/S ® >
c
1
l "

FIGURE 3. BLOCK DIAGRAM FOR THE SECOND LOOP




Note that in order to solve for the above transfer function, the pitch
angle command was set to zero. Since the commanded pitch angle does
not affect the vehicle characteristic response, this requirement in no
way restricts the analysis capability. After the system response has
been evaluated for 6, = 0, trajectories for other pitch angle commands
can be evaluated using time domain solutions such as the one shown in
Reference 7.

THIRD LOOP

Figure 4 shows the block diagram of the third loop. The vehicle
transfer function with two loops closed is denoted by 6/e;. To form
the depth rate signal (Z) requires the combination of the pitch signal
and the vertical velocity according to the following equation

Z=yw-U6,
o

or

Z2/8 = w/6 - Uo.

The w/6 transfer function is obtained by dividing the w/Gs transfer
function by the 6/§; transfer function which yields

w

NSS N
O w__ . . %
6768 ) e 0

8 S

8 8

D

The theoretical basis for this operation can be found in an NSRDC
report(7).

(7)Naval Ship Research and Development Center, Report No. P-4-3-H-01,
Usar's Guide NSRDC Digital Program for Simulating Submarine Motion
2ZMN Revision 1.0, by Ronald W. Richard, June 1971, Unclassified.




The vehicle transfer function with three loops closed is

8w _

z e2 9 (o]
e. 6 w

) l+je—2 (E—Uo) KZ

w G

- TS
z 8 s
e (5 . 3 w 0

3 D - SNGS KG + KBNB + Kz (N(SS - NGS Uo)

For stability Ki > 0.

Note that from Figure 4 this is a positive feedback system. This con-
vention was chosen to conform wi?h the Navy's standard motion simulation
program in Hildebrand's textbook ©), The reader should note the dif-
ference between a negative feedback and a positive feedback root locus.
In a negative feedback system, the locus of roots on the real axis lies
to the left of an odd number of poles or zeros. In a positive feedback
system, the locus of roots on the real axis lies to the right of an odd
number of poles or zeros. In both cases, the locus emanates from a
pole and terminates at a zero.

Also note from Figure 4 that the value for Kz is dimensionalized
by dividing it by 57.3 (= 4 arctan 1).

FOURTH LOOP

Figure 5 shows the model of the fourth and final loop. The vehicle
transfer function with three loops closed 1s denoted by Z/e3. The
vehicle transfer function with four loops closed is

Z, - K, gg-é

, —KZ(Ng -N U)

4 < 8

% s[b - sngs Ky + KeNgs + K, (N‘gS - Ngs vl - K, (N‘gB - Ngs u)
(6)1b1d.

(Text Continued on Page 9)




Vv
e W
n
€3 2 i
—_— & F _
1 o -u Z >
e (o]
K.
z «
57.3

FIGURE 4, BLOCK DIAGRAM FOR THE THIRD LOOP

\'J
e
2 h
o -K 3 i z z
z |——3 - 1/s
Dl 3 1
e

FIGURE 5. BLOCK DIAGRAM FOR THE FOURTH LOOP




For stability: K, <0.

Note again that this is positive feedback. Again notice that the value
of K; is dimensionalized by dividing it by 57.3.

The augmented vehicle response is achieved by the commanded deflec-
tion of the stern plane. The control law that determines the stern
plane position as a function of time 1s seen from Figure 1 as

58 - Ke 6 = (Bo - 8) Ke - KzZ - (Z° - 2) Kz .

This conforms to the control law used in Reference 8.

COMPUTER PROGRAM USERS GUIDE

BASIC PROGRAM DESCRIPTION

This program computes the roots of the numerator and denominator
for a submerged vehicle with the feedback control system described in
the previous section and Appendix C. The basic inputs to the program
are the vehicle nondimensional hydrodynamic coefficients, mass, and
moments of inertia as defined in a SNAME publication‘g). The vehicle
length and speed, whether the vehicle is a towed or self-propelled body
(inputed by means of a disk data file), and the range of loop gaims to
be analyzed (inputed systematically from an interactive terminal).

The main program computes the coefficients of the numerator and
denominator equations that are shown in Appendix B. This calculation
is broken down into four basic segments; one segment for each loop
analyzed. The resulting polynomial equations are solved for the roots
of the system by using a polynomial root factoring routine.

At the completion of the main analysis program, a data file can be
automatically written for a companion program known as TIMEPLT (Appen-
dix D). TIMEPLT is another analysis program which takes the S-domain

(®)Air Force Flight Dynamics Laboratory Research and Technology
Division, Wright-Patterson Air Force Base, Analysis of Multiloop
Vehicular Control Systems, by D. T. McRuer, I. L. Ashkenas, and
H. R. Pass, March 1964.

(S)Society of Naval Architects and Mechanical Engineers, Nomenclature
for Treating the Motion of a Submerged Body through a Fluid,
1952.




analysis and transfers it back into the time domain, complete with plot
diagrams of the system output response due to standard input signals.

INPUT REQUIREMENTS

Data input to the object program L@PCSAP/@BJECT is through the disk
data file L@PCSAP/DATA and from an interactive terminal. All inputs are
in a free-field format. Refer to Figure 6 for an example of data file
input.

INTERACTIVE TERMINAL DATA

As described earlier, the control system analysis proceeds by
closing each successive feedback loop. This is accomplished by input-
ing a range of loop gains for the innermost loop and then deciding on
a single value before proceeding to the next system loop. At any point
in the analysis, the operator is allowed to change any previous loop
gains until a full set of four loop gains have been chosen. Details
of the interactive terminal data can be found in the example problem
(Figure 7).

EXAMPLE PROBLEM*
The program is executed as follows:
?77EX L@CSAP/@BJECT * [charge number]
FILE FILE 1 = L@CSAP/DATA;END.

At the interactive terminal, the programer is now allowed to have
outputed three different data sets. The program prints the statement:

PRINT STAB DERIV, DIMRTS, TFCPRT . . .

These data sets are the vehicle nondimensional stability derivatives
(input to the program from the previously mentioned data file L@CSAP/
DATA), the dimensional polynomial roots, and the dimensional polynomial
coefficients, respectively. A "1" input for each of the variables al-
lows the data to be printed out; an "0" means that the printout is not
desired. Following these data sets, the numerator roots (zeros) for
the four control system loops are printed.

*This example problem is for a self-propelled vehicle, consequently
some additional terms are zeroed by the program.

(Text Continued on Page 14)
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Record 1
Record 2

Note:

Line
Number

Data Description

0000:10.1270, 49.3330, 0,*

0010: -.15020E-01,

0020: .0 5
0030: .0 R
0040: .0 s
0050: -.16230E-02,
0060: .0 B
0070: .0 s
0080: .0 ,
0090: .0 .
0100: .0 R
0110: .36397E-01,

column, and line.

Record 1

0000:

Record 2* 0010:

0020:
0030:
0040:
0050:
0060:
0070:
0080:
0090:
0100:
0110:

.57700E-03,
-.50138E-01,

.0 .

-.31545E-01, -

.0 ,
.0 ,

.19170E-02,

The following information identifies the

UQ, LB, [Type]

. 81000E-04 , /
.95500E-02, /

.0 P
-.17455E-01,  -.

15709E 00,/
11310E-01, /

.0 N
.14600E-03, /
-.13000E-03,  -.
.0 o/
.0 ./
-.27695E-01,  -.

15730E-02, /

12797g-01,/

input by record,

U@ - Vehicle Velocity (ft/sec)
LB - Vehicle length (ft)
[Type] - 1 if a towed body,
0 if self-propelled

XU , ZU , MU
XW , ZW , MW
XTHUSQ**, ZTHUSQ**, MTHUSQ**
XQ » 2Q , MQ
XUD , ZUD , MUD
XWD , ZWD , MWD
XQD » ZQD » MQD
XX , ZX , MX
Xz » 22 , MZ
XDELT , ZDELT , MDELT
M, IY ,

*Nondimensional Stability Derivatives (Appendix A)
**Program reads XTHUSQ(=X' Ug), ZTHUSQ, MTHUSQ and converts
to XTH( = XTHUSQ/U2), ZTH, MTH

FIGURE 6.

EXAMPLE DATA FILE

11




5:LOCSAP/@$BJECT = 1 BOJ 1302 10/01/74 FROM 01/06
PRINT STAB DERIV. DIMRTS, TFCPRT...

1 Lyl

XU
XTH
XQ
XQD

XZ
XDELT

5

LTS I |

UGG
[ NN, B SO I Ul

S NAME NON-DIMENSIONAL

LONGITUDINAL STABILITY DERIVATIVES

-.15020E-01 ZU = -.57700E-03 MU = .81000E-04
.0 AL = -.50138E-01 MW = ,.95500E-02
.0 ZTH = .0 MIH = .15317E-02
.0 2Q = -,17455E-01 MQ = -.11310E-01

-.16230E-02 20D = .0 MID = .0
.0 ZWD = -,31545E-01 MWD = -,14600E-03
.0 Z2QD = -.13000E-03 MQD = -.15730E-02
.0 ZX = .0 MX = .0
.0 ZZ = .0 MZ = .0
.0 ZDELT = -.27695E-01 MDELT = -.12797E-01

M .36397E-01 IY = ,19170E-02

**%% DENOMINATOR DS(J) #***%*
DIMENSIONAL COEFFICIENTS
J= 1 DS = .0
J= 2 DS = «0
J= 3 DS = .273739387358E-04
J= 4 DS = .118877286995E-02
J= 5 DS = .185102157604E-01
J= 6 DSy = .108587460950E 00
J= 7 DS = .120470690538E 00
DIMENSIONAL ROOTS
ROOTR = -.59231E-01 ROOTI = -.22004E-01
ROOTR = -.59231E-01 ROOTI = .22004E-01
ROOTR = -.81096E-01 ROOTI = .0
ROOTR = -.70180E 00 ROOTI = .0
ROOTR = .0 ROOTI = .0
ROOTR = .0 ROOTI = .0

*%%% X NUMERATOR ##%%%
*%x%% XS(J) COEFFICIENTS ALL ZERQ *%k##

FIGURE 7. EXAMPLE PROBLEM
(Sheet 1 of 2)
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LS ST S T
[N R |
Vs W=

ROOTR
ROOTR
ROOTR
ROOTR

[SU AV S A
oo
ES RO S ]
[ |

[T =TI T S
[LF R S |
oW

ROOTR
ROOTR
ROOTR
ROOTR

(2] SVRN ST 2N
nn unn
SN

nnunn

ZEROS OF TD/E1l
-0.0811 0.0000 -O.
0.0000 0.0000

ZEROS OF T/E2
-0.0811 0.0000 -O.

ZEROS OF ZD/E3 AND Z/Z0O
-0.0811 0.0000 -O.
0.0000 0.0000

*%x% 7 NUMERATOR *%%

DIMENSIONAL COEFFICIENTS

Z8 = +0

Zs = -.153127243398E-03
Z8 = -.116585064408E-01
s = -.128614635109E 00
Z8 = -.100337496561E 00

DIMENSIONAL ROOTS

-.15883E-01 ROOTI = .0
-.81096E-01 ROOTI = .0
-.11848E 01 ROOTI = .0
.0 ROOTI = .0
*k%x% T NUMERATOR *%%%
DIMENSIONAL COEFFICIENTS
TS = .0
TS = .0
TS = -.322969154535E-03
TS = -.548520303593E-02
TS = —-.185293864643E-01
DIMENSIONAL ROOTS
-.81096E-01 ROOTI = .0
-.21493E 00 ROOTI = .0
A ROOTI = <0
.0 ROOTI = .0

2149 0.0000 0.0000 0.0000 0.0000

2149 0.0000 0.0000 0.0000 0.0000

3690 0.0000 1.0384 0.0000 0.0000

FIGURE 7.
(Sheet 2 of 2)
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FIRST LOOP ANALYSIS

To analyze the first loop (pitch rate), the initial value of Kg
must be entered along with the step increment, &Ky, and the final
value of Ké. The program prints out the statement:

ENTER KTD@YRG, DELKTD, KTDFIN.
The programmer must then enter the desired values as follows:
@), =oiy 5

A root locus for the inner loop will then be generated for the gain
values of O to 5 in steps of .5 (Figure 8).

ENTER KTDORG,DELKTD,KTDFIN

057 5+
0.00
-0.0592 -0.0220 -0.0592 0.0220 -0.0811 0.0000 -0.7018 0.0000
0.0000 0.0000 0.0000 0.0000
0.50
-0.0407 0.0000 -0.0811 0.0000 -0.0897 0.0000 -0.7667 0.0000
0.0000 0.0000 0.0000 0.0000
1.00
-0.0307 0.0000 -0.0811 0.0000 -0.1094 0.0000 -0.8340 0.0000
0.0000 0.0000 0.0000 0.0000
15501
-0.0253 0.0000 -0.0811 0.0000 -0.1227 0.0000 -0.9030 0.0000
0.0000 0.0000 0.0000 0.0000
2.00
-0.0217 0.0000 -0.0811 0.0000 =-0.1328 0.0000 -0.9734 0.0000
0.0000 0.0000 0.0000 0.0000
2.50
~-0.0190 0.0000 -0.0811 0.0000 -0.1409 0.0000 -1.0449 0.0000
0.0000 0.0000 0.0000 0.0000
3.00
-0.0170 0.0000 -0.0811 0.0000 -0.1475 0.0000 -1.1172 0.0000
0.0000 0.0000 0.0000 0.0000
3.50
-0.0154 0.0000 -0.0811 0.0000 -0.1531 0.0000 -1.1901 0.0000
0.0000 0.0000 0.0000 0.0000 '
.4.00
-0.0141 0.0000 -0.0811 0.0000 -0.1578 0.0000 -1.2637 0.0000
0.0000 0.0000 0.0000 0.0000
4.50
-0.0129 0.0000 -0.0811 0.0000 -0.1618 0.0000 -1.3376 0.0000
0.0000 0.0000 0.0000 ©.0000
5.00
-0.0120 0.0000 -0.0811 0.0000 -0.1654 0.0000 -1.4119 0.0000
0.0000 0.0000 0.0000 0.0000

FIGURE 8. EXAMPLE PROBLEM: FIRST LOOP ANALYSIS

Each root is listed as a real and imaginary pair, read from left
to right, top and bottom. For example, at a gain value K; = 0.00 (first
three digit number printed) the denominator roots (poles) are

14




Real Imaginary

-.0592 -] .0220
~.0592 +j .0220
-.0811 10
-.7018 10

While the loop zeros (previously printed out) are

_Real Imaginary
-.0811 30

-.2149 j0

0.0 30.0

The two zero vlaue roots for each are not shown since this example is
for a self-propelled vehicle; for a towed vehicle they would have a
nonzero value.

Figure 9 is a plot of the root locus for this loop.

After printing the value for the roots over the galn range speci-
fied, the program will then print out the next statement:

jw
L. +.05

X

—r—rf C|><—®—(*<

W

s

ria L

FIGURE 9. ROOT LOCUS FOR THE FIRST LOOP
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D@ YOU WANT TQ CHTINUE KTD R.LCUS.
The programmer must enter:
0 - 1if he desires to go on to the second loop.

1 - 1f he desires to continue the root locus in the first
loop.

If 1 18 entered, the program will again ask for values of KID@RG,
DELKTD, KTDFIN.

If 0 18 entered, the program will ask for the desired first loop
gain by printing ENTER KTD. The programmer must enter the se-
lected first loop gain.

SECOND, THIRD, AND FOURTH LOOPS

The above procedure is repeated for the next three loops. When
new values are requested at the end of each root locus, three options
are available. This is to allow the programmer to go back to any
desired inside loop at any point in the program. For example, if after
completing the root locus in the second loop, the programmer may wish
to reanalyze the first loop based on what he learned from the second
loop root locus. This is accomplished as follows. The program prints
out the statement

DO / YQPU WANT NEW KID, O = N@, 1 = ENT, 2 = ENT & CPMP, KID NgW = 1
after the second loop root locus is complete. The programmer must enter

0 - If he desires to go to the third loop,

1 - If he desires to change the value of the first loop gain,

2 - If he desires to go back to the first loop and recompute the
root locus.

This return option is available at the completion of each loop's locus.

For the fourth loop, two gain values are printed, the loop gain
and the system gain. The system gain is defined as

25(5)

GAIN = Kz DS (5)

16




for self-propelled vehicles (see Appendix B for definition of terms).
The gain is the steady state value for depth, Z, for a unit step in
depth command, Z,. Normally, it is desirable for this gain value to
be equal to unity.

The remainder of the vehicle control system analysis follows as
shown in an example problem (Figure 10), along with root locus plots
for the second, third, and fourth loops (Figures 11, 12, and 13).

When the programmer is satisfied with the analysis and has se-
lected gain values for all four loops, the program prints out

D@ YPU WANT A TIMEPLT.

By inputing a 1 (yes) to the LPCSAP program, a data file is auto-
matically created which will later be utilized by the program TIMEPLT.
The root values to be passed to the file are determined by the opera-
tors answer to the next two questions asked of him by the program.

ENTER KTD, KT, KZD, KZ, GAMP
TIMEPLT FPR WHICH L@@P .

The K values are the individual loop gains, and the variable GAMP is
indicative of the type and magnitude of the standard test signal to be
inputed to the system. Answering the question as to which loop, deter-
mines which loop output will be plotted by the companion program. This
analysis can be repeated as many times as desired, until the operator
answers N@ (0) to the question:

D@ YQPU WANT AN@THER TIMEPLT,

at which point the root-locus program is terminated.

CONCLUSIONS

A computer program was written utilizing the root-~locus technique
to analyze a longitudinal feedback control system. An example problem
is included 1llustrating the use of this program.

To date, this analysis program has been utilized in the design of

control systems for swimmer delivery vehicles, a submarine, and towed
mine-hunting vehicles.
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DO YOU WANT TO CONTINUE KID R. LOCUS

=0,
Ov

-0.
0.

=05
00

-0.
00

-0.
0.

-0.
0.

-0.
0.

_00

-0.
0.

0811 0.0000 -0.1094
0000 0.0000

1150 0.1130 -0.0811
0000  0.0000

1724 0-1651 _000811
0000 0.0000

2584 -0.2186 -0.2584
0000 0.0000

3110 0.0000 -0.3315
0000 0.0000

2726  0.0000 -0.3508
0000  0.0000

2565 0.0000 -0.3588
0000  0.0000

2476 0.0000 -0.3632
.0000 0.0000
.2410 0.0000 0.3661
.0000 0.0000
.2379 0.0000 -0.3681

.0000 0.0000

2349 0.0000 -0.3696
0000  0.0000

0. 0000

0. 0000

0. 0000

0.2186

-0. 3342

-0.4364

-0.5185

-0.5888

0.6514

-0.708

-0.7609

DO YOU WANT NEW KTD,0=NO, 1=ENT, 2=ENT&COMP,KTD NOW=

DO YOU WANT TO CONTINUE KT R. LOCUS

O«
ENTER KTD
1«
ENTER KTORG,DELKT,KTFIN
0,-.5,-5+
0.00
-0.0307 0.0000
0.0000 0.0000
-0.50
-0.1150 -0.1130
0.0000 0.0000
-1.00
-0.1724 -0.1651
0.0000 0.0000
-1.50
-0.0811 0.0000
0.0000 0.0000
-2.00
-0.0811 0.0000
0.0000 0.0000
-2.50
-0.0811 0.0000
0.0000 0.0000
-3.00
-0.0811 0.0000
0.0000 0.0000
-3.50
-0.0811 0.0000
0.0000 0.0000
-4.00
0.0811 0.0000
0.0000 0.0000
-4,50
-0.0811 0.0000
0.0000 0.0000
-5.00
-0.0811 0.0000
0.0000 0.0000
O+«
O«
FIGURE 10.

EXAMPLE PROBLEM:

(Sheet 1 of 5)
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3

1.

-0.8340

-0.7441

-0. 6292

-0.4572

-0.3315

-0. 3508

-0. 3588

-0.3632

-0.3661

-0.3681

-0.3696

00

0.0000

0. 0000

0.0000

0. 0000

0.3342

0.4364

0.5185

0.5888

0.6514

0.7083

0.7609

SECOND, THIRD AND FOURTH LOOP ANALYSIS




ENTER KT
-1«
ENTER KZDORG,DELKZD,KZDFIN
0,.5,5
0.00
-0.1724 -0.1651 -0.1724 0.1651 -0.0811 0.0000 -0.6292 0.0000
0.0000 0.0000 0.0000 0.0000
0.50
-0.0811 0.0000 -0.3992 0.0000 -0.0792 -0.6952 -0.0792 0.6952
0.0000 0.0000 0.0000 0.0000
1.00
-0.0811 0.0000 -0.3839 0.0000 0.1213 -0.9539 0.1213 0.9539
0.0000 0.0000 0.0000 0.0000
1.50
-0.0811 0.0000 -0.3788 0.0000 0.3270 -1.1186 0.3270 1.1186
0.0000 0.0000 0.0000 0.0000
2.00
-0.0811 0.0000 -0.3764 0.0000 0.5340 -1.2271 0.5340 1.2271
0.0000 0.0000 0.0000 0.0000
2.50
-0.0811 0.0000 =-0.3749 0.0000 0.7415 -1.2938 0.7415 1.2938
0.0000 0.0000 0.0000 0.0000
4.00
-0.0811 0.0000 -0.3739 0.0000 0.9492 -1.3249 0.9492 1.3249
0.0000 0.0000 O 0000 0.0000
3.50
-0.0811 0.0000 -0.3732 0.0000 1.1571 -1.3229 1.1571 1.3229
0.0000 0.0000 0.0000 0.0000
3.00
-0.0811 0.0000 -0.3726 0.0000 1.3650 -1.2877 1.3650 1.2877
0.0000 0.0000 0.0000 0.0000
4.50
-0.0811 0.0000 -0.3722 0.0000 1.5731 -1.2164 1.5731 1.2164
0.0000 0.0000 0.0000 0.0000
5.00
-0.0811 0.0000 -0.3719 0.0000 1.7811 -1.1019 1.7811 1.1019
0.0000 0.0000 0.0000 0.0000

DO YOU WANT NEW KTD, KTD NOW = 1.00
gg YOU WANT NEW KT, KT NOW = -1.00
g; YOU WANT TO CONTINUE KZD R. LOCUS
é;TER KZDORG,DELKZD,KZDFIN
0,-.5,-3«

FIGURE 10.

(Sheet 2 of 5)
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0.00

-0.1724 -0.1651 -0.1724 0.1651 -0.0811
0.0000 0.0000 0.0000 0.0000
-0.50
-0.0811 0.0000 0.2740 0.0000 -0.3410
0.0000 0.0000 0.0000 0.0000
-1.00
-0.0811 0.0000 -0.3547 0.0000 0.4253
0.0000 0.0000 0.0000 0.0000
-1.50
-0.3594 0.0000 0.5174 0.0000 -0.0811
0.0000 0.0000 0.0000 0.0000
-2.00
-0.0811 0.0000 -0.3617 0.0000 0.5822
0.0000 0 0000 0.0000 0.0000
-2.50
-0.0811 0.0000 -0.3632 0.0000 0.6311
0.0000 0.0000 0.0000 0.0000
-3.00
-0.0811 0.0000 -0.3641 0.0000 0.6698
0.0000 0.0000 0.0000 0.0000
DO YOU WANT NEW KTD, KTD NOW = 1.00
0«
DO YOU WANT NEW KT, KT NOW = -1.00
O«
DO YOU WANT TO CONTINUE KZD R. LOCUS
04_
ENTER KZD
03 555
0.00
GAIN = 0.000
-0.1724 -0.1651 -0.1724 0.1651 -0.0811
0.0000 0.0000 0.0000 0.0000 0.0000
0.50
GAIN = -2.710
-0.0811 0.0000 -0.3803 0.0000 0. 4495
-0.5216 0.8133 0.0000 0.0000 0.0000
1.00
GAIN = -5.421
-0.0811 0.0000 -0.3745 0.0000 0.5577
-0.5787 1.0922 0.0000 0.0000 0. 0000
1.50
GAIN = -8.131
-0.0811 0.0000 0.6230 0.0000 -0.3726
-0.6122 1.2989 0.0000 0.0000 0. 0000
FIGURE 10.
(Sheet 3 of 5)
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0. 0000

0.0000

0. 0000

0. 0000

0. 0000

0. 0000

0. 0000

0. 0000
0. 0000

0. 0000
0. 0000

0. 0000
0. 0000

0. 0000
0. 0000

~0.6292
-1.3235
-1.8776
~2.3814
-2.8603
-3.3242

-3.7783

-0.6292

-0.5216

-0.5787

-0.6122

0.0000

0.0000

0.0000

0.0000

0.0000

0. 0000

0. 0000

0.0000

-0.8133

=1.0922

=1..2989




2.00
GAIN = -10.841
-0.0811 0.0000 -0.3717
-0.6357 1.4705 0.0000
2.50
GAIN = -13.552
-0,0811 0.0000 -0.3711 0.0000 0.7041 0.0000 -0.6535
-0.6535 1.6204 0.0000 0.0000 0.0000 0.0000
3.00
GAIN = -16.262
-0.0811 0.0000 -0.3708 0.0000 0.7321 0.0000 -0.6677
-0.6677 1.7552 0.0000 0.0000 0.0000 0.0000
3.50
GAIN = -18.972
-0.0811 0.0000 -0.3705 0.0000 0.7552 0.0000 -0.6794
-0.6794 1.8788 0.0000 0.0000 0.0000 0.0000
4.00
GAIN = -21.683
-0.0811 0.0000 -0.3703 0.0000 0.7746 0.0000 -0.6892
-0.6892 1.9937 0.0000 0.0000 0.0000 0.0000
4.50
GAIN = -24,393
-0.0811 0.0000 -0.3702 0.0000 0.7913 0.0000 -0.6976
-0.6976 2.1014 0.0000 0.0000 0.0000 0.0000
5.00
GAIN = -27.103
-0.0811 0.0000 -0.3701 0.0000 0.8058 0.0000 -0.7049
-0.7049 2.2032 0.0000 0.0000 0.0000 0,0000
DO YOU WANT NEW KTD, KTD NOW = 1.00
O+
DO YOU WANT NEW KT, KT NOW = -1.00
0+
DO YOU WANT NEW KZD,KZD NOW = 0.00
O«
DO YOU WANT TO CONTINUE KZ R. LOCUS
1«
ENTER KZORG,DELKZ,KZFIN
0,-.5,-3«
0.00
GAIN = 0.000
-0.1724 -0.1651 -0.1724 0.1651 -0.0811 0.0000 -0.6292
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
-0.50
GAIN = 2,710
-0.0811 0.0000 -0.3586 0.0000 0.3000 -0.5254 0.3000
-1.2154 0.0000 0.0000 0.0000 0.0000 0.0000
-1.00

.0000
.0000

.6690 0.0000 -0.6357
.0000 0.0000

(=4
(=M=

FIGURE 10.
(Sheet 4 of 5)
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-1.4705

-1.6204

=1.7552

-1.8788

-1.9937

-2.1014

-2.2032

0.0000

0.5254




GAIN = 5.

-0.0811
-1.5113
-1.50

GAIN = 8.

-0.0811
-1.7345
-2.00
GAIN =
-0.0811
-1.9206
-2.50
GAIN =
0.7380
-2.0832
-3.00
GAIN =
-0.0811
-2.2293

10.

13.

16.

421
0.0000
0.0000

131
0.0000
0.0000

841
0.0000
0.0000

552
-0.7066
0.0000

262
0.0000
0.0000

-0.3637
0.0000

0.5629
0.0000

0.6564
0.0000

0.7380
0. 0000

-0.3672
0.0000

DO YOU WANT NEW KTD,KTD NOW =

O«

DO YOU WANT NEW KT, KT NOW =

O«

DO YOU WANT NEW KZD,KZD NOW =

0«

DO YOU WANT TO CONTINUE KZ R.

(8

DO YOU WANT A TIMEPLT

1«

ENTER KTD,KT,KZD,KZ,GAMP
1,-1,0,0,10«

TIMEPLT FOR WHICH LOOP; ENTER 1=1ST, 2=2ND, 3=3RD, 4=4TH

2+

DO YOU WANT ANOTHER TIMEPLT

0«

PROCESSOR TIME

I/0 TIME

PRORATED TIME

LOCSAP/MILLER = 1

15 SEC

23 SEC
249 SEC
TOTAL COST

E0OJ 1326

0. 0000
0.0000

-0.6620
0.0000

-0.6901
0.0000

0.7066
0. 0000

0.0000
0. 0000
1.00
-1.00
0.00

LOCUS

LNy > > >
N
=
O

0.4504
0. 0000

0. 5629
0. 0000

0.6564
0. 0000

-0.0811
0. 0000

0.8112
0. 0000

FIGURE 10.
(Sheet 5 of 5)
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-0.6146
0.0000

0.6620
0. 0000

0.6901
0. 0000

0. 0000
0. 0000

-0.7151
0. 0000

0.4504

-0. 3663

-0. 3668

0.8112

0.6146

0. 0000

0. 0000

0.0000

0.7151
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= +.2
T — > Q@ =
-1.0 -.8 -.6 -.4 -.2
L -.2
K:=1.0
8
L -.4
FIGURE 11 ROOT LOCUS FOR THE SECOND LOOP
jw
/+1
~ +.5
—>mO—& O— 0
-1. -.5 +.5 +1
_ . = =-.5
= 1.0, KG 1.0
\_1
FIGURE 12. ROOT LOCUS FOR THE THIRD LOOPw
» +1.0
/+.5
/
—=>O«RK S b
-1.0 -.5 \ +.5 +1
\-.5
o ] =S = =-1.0, XK' = Q.
1205 K9 KZ 0.0
L -1.0
FIGURE 13. ROOT LOCUS FOR THE FOURTH LOOP
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APPENDIX A

SOME NOTES ON THE CONSTRUCTION AND
INTERPRETATION OF ROOT LOCUS

A physical system can be represented by a block diagram composed
of individual blocks that represent the various components of the sys-
tem as shown in Figure Al. Each block is described by one or more

Input Response

Vehicle
Control Sur- Vehicle o
face and Servd

| Compensation Sensor
Network

FIGURE Al. A TYPICAL BLOCK DIAGRAM

differential equations according to Newton's Second Law of Motion or
its electrical equivalent. Combining the characteristics of each block
to form the characteristics of the overall system is quite difficult
because a signal is modified in both phase and amplitude in going
through each block. By applying the Laplace transform

[e)

F(s) = [ £(t)e 5t at
J

to the describing differential equations, one obtains an algebraic rep-
resentation for each block in the system. It is then convenient to
arrange this representation in the form of a transfer function; i.e.,
as a ratio of block response to block excitation. These transfer func-
tions can be be multiplied together to yield system response to system
excitation. It 18 a relatively straightforward procedure because each
transfer function is merely a ratio of polynomials in the Laplace
operator s.




Once the transfer functions for each of the
formed, it is then necessary to examine the effects of c:hamg;.,S vari-
ous unknovn system parameters, such as feedback gain on the system
dynamics. The root-locus diagram was developed to facilitate such an
analysis. As the name implies, it shows on one figure the trajectory
that the frequency and damping characteristic modes follow as system
parameters are changed.

Consider the transfer function

0 K(s + a)(s® + bs + ¢)
“es(e+d)(s+te)(s’ + fs +g) "

The denominator of the transfer function represents the characteristic
equation of the system; e.g., the equation describing the free motion

of the system (the response independent of control input). It is re-

sponsible for the general solution of the system of differential equa-
tions. The particular solution comes from the numerator.

It will be observed that all values of s which make the denomina-
tor zero are solutions of ihe characteristic equation and therefore
contirbute a term of the et to the time response. Since for these
roots the transfer function is undefined, denominator roots are called
poles. Numerator roots are appropriately called zeros. It is customary
to plot these poles and zeros on a graph whose abscissa is the real
part of s and whose ordinate is the imaginary part. Poles are commonly
depicted as x's and zeros are 0's. A first order root; e.g., (s + d),
will always lie on the abscissa. A second order system has two roots.
They may be real, in which case they lie on the abscissa, or they may
be complex, in which case they are placed equidistant above and below
the abscissa.

Any pole which lies in the right half s-plane represents an un-
stable motion. Zeros in the right half plane are significant in terms
of the type motion only if the system depicted is a feedback system.
In this case the zeros represent the location of the poles when the
feedback gain is made infinite. For zeros in the right half plane then,
the system will become unstable at some finite value of feedback gain.
Knowledge of the location of the basic vehicle zeros is needed by
designers to combine the control system characteristics with those of
the vehicle to obtain the desired response without unexpected insta-
bilities. Note also that a zero placed on top of a pole will elimi-
nate the motion caused by that pole from the time history of the
particular variable associated with the numerator (6 in 6/8,) for
example) but from no other time history.

A pole located at s = -3, for example, means that there is contri-
bution to the time history given by e~3t, Thus, the further to the
left the pole, the more rapid is the subsidence. Conversely, a pole
at s = 3 means the motion has an unstable component described by e3t,

A-2




Stable oscillatory modes, it will be recalled, haye roots which
can be expressed by

8158 = —Tw_* Jo J1 - g’

Figure A2 indicates how varying either frequency or damping ratio
separately moves the poles. It also shows that the product Zw, deter-
mines the time for an oscillation to decay to half amplitude. When
L, = 0.591, the oscillation will decay to half amplitude in 1 second.
Smaller values of the product mean the time to damp to half amplitude
is longer.

For further details on the construction and interpretation of root

locus diagrams refer to Introduction to Automatic Control Systems,
John Wiley and Son, 1962.

Aje

*&
~ w
| S. n
| ~
| P
] Y ~
| * \\
I — T T >
-4a -3a -2a -a +a (o]
tw —>
I n
%

{ = Damping Ratio = cos Y

= Undamped Natural Frequency

gwn = Total Damping

t g = Time to reach 0.95 steady state value = 3.0/Cmn

t1/2= Time to damp to half amplitude = 0.69/@1,n

t, = Time to double amplitude (unstable systems only) = 0.69/0»»n

FIGURE A2. IMPORTANT FEATURES OF ROOT-LOCUS DIAGRAM
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APPENDIX B

EXPRESSIONS FOR THE LONGITUDINAL TRANSFER
FUNCTION COEFFICIENTS

The longitudinal characteristic equation is

A i 3+Cs'2+Ds'+E
ong

+ Bs

where
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The pitch response transie n is

8 - _s __86
6
=

8
ALong ALong

where

Ap= M (o= X5 Yo' =27, ) + 2 Xi My, + Xy ZiM

— My X, Zj + X, (m-Z )M + 2y M (m=XG)

8= - Md'.e(/m -X.)Z - My X, (m'~Z,)+ 2 XM,

‘ ’ / ’ 4 / ’ ’ ’

e M uw

/ ’ ’ ’ ’ ’ 4 ? 4 7
My Ko E My X+ Xse(m -Z; )M,

’ ’ ’ ’ ’ ] ’ / ! /
- X 5CZWMA;. —ZéeMa'rXa * zaeMw (m —'X,&.) £

Co= My Xy 2, + Z X M, +Xs B M,
_ 4 ’ ’ _ ’ ’ ’ . / 7 /
%e sza X Jezw% zéeMw X,a.
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The vertical velocity transfer function is

W
W N5s =Aws'3+ Bws'2+cws' + Dy
% ALong ALong

where

B = —Z (m'-X, )M, - zc;ex;‘(%-M?f)

w Se v
FXMES + X M (Z,-hm—')
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C = =2 (m'-X, )M +Z X M, + XM, Z
X M (E ) +M Z, X +M Z X,
A 5 S

/ 7 ’ / / I — ’ 4 / _ ’ ’ /7
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The forward speed transfer function is

x

1
] AUS +BS +CUS +DU

s ALong ALong
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APPENDIX C

LONGITUDINAL CONTROL SYSTEM ANALYSIS

PROGRAM - CARD LIST

c-1
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$SFT FREFFORM SeQXFQ OESET 1 JST

00ouacCcey

FILF 1=LCCSAP/DATASUNMTIT=0TISK»SAVEF=10sBLNCKING=3»HKFLURD=1C 000UCCly
FILE 3I=N/SH»UNTT1=REMOTE»LLOCRRECNNN=9 060u00eL
FILF 4=LOCSAP/TIMEPLY,UNIT=DISK, AyE=3n,L0CK, AkERA=200> N00u0GC 3L
- BRLOCKING=3,RECARND=10 0CLLOCYL
C= wrxwsrawncx  CQNRQF FILE IS | NCcAP/ JANQ27G #aarsmwdns 000u00N5L
RFAL KT KTNRGeKTFINSK/DyK/NNRAEIKZNFINSKZ2yKLZGRGPKZE IN 000u0Cs L

RFEAL KTNOKG,XTO,KTDE IN,NVAY 000u00 /Yy
NIMENSTON RTIDFIeZIPRTE2C7YewZNEICTYPRZZ20C(H)20LDEICE)»NTNEL(S) 0000008L
NIMENSTUN NTE2(R) 000ULO0YY
NIMENSTION OTDFIRCO)PNIDF1TCAR)DTEPR(E) e OTE2E(6)20L0E3HCR)? 000L010L

- NZDE3TCAYTTITLECIL) 0000011y
RADTAN = 1RO/C4»ATAN(CY1)) 0QUuB1ZL
READCLI»4000) (TITLECT)»T=1411) 000UCY 3L

4n00 FURNMAT(11A5) ououg1uL
WRITEC(3,4001) (TITLECI)sl=1511) 000uC15¢L

an01 FORMAT(//511A4) 00uuO1lobU
WRITF(3r3101) 0000V01 7L

3101 FORMATC//,"PRINY STAR DFRTV, nNnIMKTIS, TFCPRTe.e™) o00uuntag
RFAD (3,/7,FNND=90)NVAL, IDIMRTS, ITFCPhT; TSUPRNT=NVAL 000001YU

RFAL IYolBoMaMU, MNeMTHIMA,MID,MaN, MONyMX s M7 o MDEL T MTH|ISE Q0Uu0ZuL
READC1»/»ENND=99) U»LB, ICAR| ¢ 00Luo21u

104 FORMAT(//7/7) 00000224
301 READCY1»/»END=QOYXU» ZU, MUoXwW,ZWoMu, XTHUSQ, LTHIISQ,MTHUSR»XQ»Z2Q@,M85 000U0230L

- XUD»ZUpe MUD S XWD s ZWD s MWD, XED e 2QD s MED» XX o ZXsMXo X7 0279 ML XDELT 0000244
- ZDFLToMODEL ToM, TYSXTHXTHIIGQ/CUxU)S2TH=ZTHUSQ/ (U*U) 000VU0?Z90
MTHEMTHUSQ/ (11 +U) 000u020UL

311 IF CISDPHNT.FQ.0) GO TQ 3= oQuuo27y
WRITF (3,321) 00uvu028y

32¢ FORMAT(//20X,"S N A M E NON=DIMENSIONAL"™) 00uul2yL
WRITE (3+331) 000003UL

331 FORMAT(16X," ONGITUDINAL STARILITY DERIVATIVES®//) 000u031u
WRITF(35381)Xs7UsMU» XN ZW e XTH,ZTH,MTH, XQ,Z2Q,MQA5 XUD» 7UD,MUbU, XvlLOQOUQ3ILU

- s ZWDIMHDs X2 7QNsMAD e XX s 7X o X o XZ 0 27 sMLs XNEL T ZDFLTP»MDFLT2Ms IY2Ur LBOOOUO3SL
349 FORMATCIX,"XII ML 1P i5,8%,"ZU =", E12.508X»"MY =", E£12.5/,00000340L

- 1X2"XW =TSR 12,90 8Y 0"k ESE12,.904Xs " MN ="5E12.572 000U035L
- 1X,"XTH ST, F12,5,0xem/TH =", F12,5,48%X,"MTH 0000036C

="l£12l5/l

- 1Xs"XQ =", F12,5,0¥%,"7Q S, FE1249548X,"ME "y,E17.57/» OU0GO3/G




=0

s 0 2 0 0 0 48 8 8 B (] o0

1 X,"XUD ="sE12.5,ax,"2UD S, E12:5,4%X,"MUD ="»E12.5/>»
1X»"XWD ="5E12,5,4X»"ZNW0 =",E12¢5,4X,"MNWD =",E12.5/>
1 X»"XQD 2",E12,55a%X5v2Q0 =2",F12.5,4X,"MQD ="s£12.5/»
1 Xs™XX =",E12.558%X,nZX =", E12e5,4X,""MX 2",£1245/>»
]XP"XZ 3"’E12.550XD"ZZ 3"’[1205'“X’"MZ =”’E1205/’
IXs"XDELY =M»E12.5,4%Xs"2ZDELT =",E12:5,4X,"MDELT ="»E12.5//
29X, "M 2",E12.,55R%X»"1Y =",€12.57/>

9xXs"u0 =",£12,5,8x,"LB 2",€12,5/77)

351 CONTINUF
110 FORMAT(/s"J=",10Xs"ECONVa",F12.5)
DIMENSION DS(AR)»XS(B)»ZScA).TS(8),RO0TR(B),RODTICB),ECONV(E)
CONTINUE
uo=u
N=g
NPi=N+1
20=2Q4M
DCST=LB
IFCICABLE.EQ,0) DCST=ayO

NON=DIMENSIONAL D(S) COEFFTCIFNTS FOR TOWED VEHICLES

DSC7)2(M="XUD)*(M=ZWD) % (IY=MQDIY=XWND*ZQU*MUD

“XQD*ZUD*MWD= (M=XUD)I*ZQD*MWD

“XND*ZUD*(TY=MAN)=XQD*(M=ZWNn)+MUD
DSCE)Z=XUR(M=ZWN) ¥ IY*MQAD)m(MaXUD)*ZW*(1Y=MAN)=(MaXUD)*¢M=ZWD)*MQ
=XW*Z2QD*#MUD=XWD2ZQ*MUD=XWD*2Qn*MU
«XQ*2UD*MWD=XQD#ZU*MWD=XQAD*7UN*MHK
+XUsZQDaMHD=(M=XUDI*ZQ#MWN=(MaXUD)*ZQD*MW
eXWaZUD#(IYaMQDY=XWD*#ZU»(TYeMaD)+XWD*ZUDNMQ

“XQw (M=ZWD ) aMUD+ XQD*ZW*MUD=XQAN*(M=7WD ) *MU

DS(S)=Z=XX* (M=ZWN)*(TY=MQADY+XUwZW* (TY"MQAD)I=(M=XUDN)*Z2Z*(I1Y=MQD)
$XUSMON (M7 D) ¢ (M=XUNI*ZWxMQ= e MaxXUN) * (M=Z WD) wMTH
aXxZ*#ZQDAMUNeXW*7Q«MUN=XWN* 7 THaMUD=XWN*MU*ZQD =X WD *#Z2Q¢MU=XWD*Z2QN*MX
eXTHY*ZUD*MWD=XQ*ZUU*MWD=XUN*ZX +MWD=XQ*ZUD*MN =GN *ZU*MHeXQD*ZYD*MZ
¢ XXRZQDAMADE XU*7QaMAND=(MaXIID) 4 ZTHRMKD 4+ XU ZQD MW
«(M=XUD)*ZQaMW=(M=XUD)*ZQDwM7
*XZ2ZUD*(1Y=MQDY=XWaZU*(IY~MQN)=XND*ZXw(1Y=MQD)
+XW*ZUND*MQ+XWD*7U*MQ+ XWD*Z1ID*MTH

0000038C
0000039¢C
00000400
0000041V
00000420
00000430
00000440
00000450
00000460
00000470
00000480
0000049C
0000050V
0000051V
00000520
00000530
00000540
00000550
00000560
0000057¢
00000580
00000590
00000600
00000610
00000620
000u0g 30
00000640
00000650
00000660
Qoov06?U
00000680
000006YU
couvua7ou
00000710
00000720
00000730
000u0740
00000750




4

"X THA(MeZAN)*MUN+ X Q*7n e MyUNeXRN*ZZ2+MUD=XQs (M=7uD )2l
+XADNe 7 WaeMyyaX Qi ke M=/ 3wl )*eMX
NSCAISXX*ZWH(TY=MUN)4xlI*/7a(Ty=MALY+XXNN(MaZnN)*ME=X*/NaMb
(Mo XUDI*Z27eMQevl e (M=/70D )4l THG(M=XUID)*7WaMT R
“XZ*72Q*MIIU=XA¥ZTHEMUN =X/ * 70D *uU=Xw*/Q*MY
«XWNeZTHeMU=a XN 7QD*MX=XWN&7QenX
aXTHaZZUeMuNaXQue 7 X*MWD=X THe 711 DaMu=XQxZljtMp
“XQQ*ZXeMW=XG+ 2NN #4MZ=XQN &/ 11eM7

XX 2QeMHD EXL € ZTHAMWNEX X *70N* MW+ X1 [# 7 Qe (MaXUNI*ZTHAMN
+XY*ZQDAMI= (Mo D)*72QeM7

X7 27Uk TY="MAN )= X Wk 77X 4 (TY=MQADY+X/*72UD*MQ+XW*7U*MQ
FXWDEZXAMALXWHZOID*MTIHIXAN* T *MTH
XTH*ZWaMUN+XQa 72 aMUN=XTHa(V=2WD)aMU+XQAwnrMli
+XQAD*77xMUeX Qe Cu=/WD I *MYX+XQON*7W*MYX
DS(3)SXX*/Z4(TY=MAD) XX #7WsMNaXU®Z2ZAMUsXXa(Ma/WN)*MIH
eXUs7W*MTHE(MaxX D) * 272 «MTH

aXZ2 42 THeMUD=X7 «7QeMU=XWa/ TraMII®XZ a7 QN aMX
“XWe7Q*MX=XH*7ZTH*MX
“XTH*ZXeMAN "X TH& ZU*MW=XQ & 7Y eMy=XTH&ZIJD*M/
=XQa7U*M7=XQD*.Y*M7

XX ZTHAMUD+ XX * 70 * MW XU A TH*M+XX*7ED*M7
+XU*2QaMZ=(M=XUN)*TH*M7

X7 *ZX*(TY=MAN) 4 X Z*7U*HQaxw* 7Y *MNaX2*ZUD*MTH

XA 7UrMTHeX WD - 7X*eMTH
+XTH*7ZxMUDIXTHR 7 WAMUSXQ*7 7 eMp=XTH® (M=ZWN) *pMy
+XQaZWamXaXQDal7 aemX
NS(2)s=XXa77+MQaXXt/7WaMTHeyI|®72/+*MTH

X7 *JTHMU=X/ *70«MX"Xn®/TH&MX

oX TH*ZX*«MAWeXTH*ZU*MZ=xOD*7 X aM2
+XXHZTHAMW e XX #ZN*M7 X% THEM]

X2 H7X*MQAEXZ*7UxMTHEX nx2 X2V TH

FXTHR7 7 *#MUIXTHAZREMX+ LAY ] oMY
DSC1)==XXa7/4aMTeXZe/ THeMXaX T ualZXanm?

XXM ZTHeMZ+X /%X +MTHEXTHR 77 My

WRITE (373)

FOURMAT (//s20Xsmexns DENOMINATUR NSCU) #wsan)

N0 g J=1,NPy

IF (DSCUYNF.N.NY GD 10 14

000uC7ev
000u07/¢
ogougr7ded
0U0uB7yC
000uU0RUL
LV EIVIVE D N ¥
000U0RZL
00duCe v
aoouoedy
oouuoasy
000uQBGLL
gooaeca/u
DLV EVAVEOR-R-RY
0000089L
000uL0S0C
00000914
000u0s2U
N0C0LOY 3L
000uC9dL
0000095L
000u096L
00000G /74
000L098U
00UuU09Iu
000ulCUuL
N0o00101¢
oOuutlgéu
NO00LLI03L
000utlQuy
000L1050
0000106l
000uiIU/L
[ EVEDRVE NoX 1V
0CCLI0YL.
O EVXVAVE I MO1Y)
oooullly
000ut1dy
Culutll v




9=D

c-
c™
c-
c-

Ce
c.
C-

11
13

14
15

16
17
18

19

21

WRITE (3»5)

FORMAT (/516XsTakurs
GO 10 20

FORMAT ¢//¢12%XsmJ = ",135,10Xs"DS = "»£20.12))
FORMAT (/515X ) = ",13,10X,"FCONV = ",E15,8)

DSCJY CNEFFICIENTS ALL ZERO

FORMAT (//¢1Xs™J = "»1359Xs"RNOTR = "sE12,529X»"RO0TI = "»E12,5))

DIMENSIONALIZE THE COEFFICTENYS OF THE DENOMINATOR TRANSFER

FUNCTION

00 15 I=1,NP1

DSCII=DSCI)*((LR/UI**(I=1))

IF (ITFCPRT,NE.1) GO TO 17

WRITE (3516)

FORMAT (//222Xs"DIMENSIONAL CNEFFICIENTS"™)
WRITE (3,8) ((J,DS(J))»s»dm1,NPY)

CALL PRNBM (N,Dg,RO0TR,RONTTI,rCONy)

DO 18 J=i»N .

IF CECONV(J).GT,,SE=09) WRTTE¢3,11) JLECONV(J)
IFCIDIMRTS ,EQ,0) GO TQ 1

WRITE (3519)

FORMAT (//»25X»>"DIMENSIONAL RNOTS™)

WRITE (3,13) CCJs»RODTRCJIILRO0TICJIII»JImI,N)
WRITE (3,21)

FORMAT (//)

Nxg

NPi1=N+1t

NON=DIMENSIONAL X¢S) COEFFTICIFNTS FOR TOWED VEWICLES

XSCSISCM=ZWN)#CTY=MQAD)*XDF! T+XWD*ZQD*MDELT+XQD#MWD*ZDELT
=2QD *MHN*XDELT+XWD*CTY=MAN)I+ZNELT+XQD* (M=ZWD)IY*MDELT
XSC8)==ZW*(1Y=MAD)*X0ELT=(M=ZwD)*MO#XDFLT
+XWeZQDA#MDELT+XWDO*ZQ#MDELT

+XQ*MWD*ZOFLT+XOD*MW*2DELT

«ZQ+MND#XDELT=ZQD*#MWN*XDELT
*XN*(IY=MQD)IW70FLT=XWD*MQ=7NE| T

+XQa(M=ZWD)*MNE| T=XQDeZWeMnFLT

Ruaha®)

00001140
00001150
00001160
0000117¢C
00001180
00001190
00001200
00001210
00001220
00001230
000041240
00001250
00001260
0000127¢C
000G128C
00001290
00001300
0000g31¢
00001320
00001330
00001340
0000135¢
00001360
00001370
00001380
00001390
0000140V
ooo0ulatu
00001420
00001430
00001440
00001450
OOOU Wub
000v14ry
00001480
00001490
00001500
0Q0u1s1U




2122

c-
c-
c-
C-

c-

25
26

28

31
3?

i3

34

35
36

XSC3)==72 2% (IY=MADI*XDELT4+7w+«MaaXDF] T=(M=ZnD)*MTH*XDELT
+XZ27QD*MUFLT4XweZO0aN UFLT4¥wDa/ZTHaMDELT
+XTHEMWN*/DNFLTH+YQr*Mu*» ZDFELT+xQN*MZ*72DELT
“LTH*MHD*xNFLT=704MpyaxDFLT=7Gn*M72YDELT

X2 % (1Y MG Y*7DFLT=XWaMQaZNFELT=XWN*MTH*ZDELT
FXTHR(M=ZWN)AMDEL T=XQ*Z 1 *pnE | T=XON*2 Z*MDELT
XS(2)=2Z+MQwXNE| T4 ZWaNTHRXNFLT4X7#7Q*MDELT+XWHZTHeMDELT
EXTH MU X /DF L T+#XA*MZA7EL T 7 THaMW*XNEL T=70*MZ+XDFL |

= X7 *MQ*ZNEL T = XWaMTH* ZDEL T XTHRZW«NNE| ToXQusZeMDFLT
XSC1)=Z72+MTHeXDF L T+X 7% 7 THaMNE) THXTHAMZ#ZDELT

“ITH*«MZ e X p LT=X74MTH*ZDFLT=XTu*ZZ«MDELT

WRITF (3,2122)

FORMAT (/7/+23Xs%kxae x NUUMFRATOR aawa"™)

DO 25 J=1,nNpl

IF (XSCJI.NF.n,n) GU 10 34

WRITF (3»26)

FORMAT (/513X "atkwnn
G0 To 35

FURMAT (/7/€12X,nd = ", 13,10xsnXS = ",E20.12))

**iﬁ*")

XSCJ)Y CnEFFICIENTS ALL ZERU

DIMENSIONALTZF THE COFFFIQTFNTS OF THE X NUMFHATOR TRANGFER
FUNCTION

DO 32 1=1,NP
XSCI)=XSCI)*#DCSTH((LR/U)*ar1=1))

IF CITFCPRTNEL1) GO 10 33

WRITE (3216)

WHITE (3528) ((0»xSCJ))pd=1,Npl)

CALL PRNRM (N»xg*ROOTK»RONTT»FCONY)

DO 34 [=1,N

IF CECONV(J) AT, 5E=09) WRTTFr3511) JrECONV(.)
IFCTINIMRTS ,kQ,0) 60 TO 3K

WRITF (3»19)

WRITE (3213) (CJsROOTRCII»ROOTICIIIPJI=1N)
WRITE (3,21)

N=y

NPLl=N4+1

000ulsZy
000u1953¢
oQuul1s4de
00uU155¢0
000uU156L
0000157¢
HVEVIVE Y R
000ULISYL
00001600
0000161¢
N00ul16el
000ulédy
00001640
000U165¢
000U1660
000U/ L
000vié8u
000ui6YL
000uv1700
000G171L
000ul1T20L
000u173C
00UuUL T4y
0000175u
000LI760L
ogQgoulz7tce
00oul78L
0V0Ul7ZYL
00001804
oguulalu
000VL1B2U
ngo0u183v
NO00U1B4U
Q00uU185¢L
gooulael
000utaru
nouuigey
000ULBYL




8-0

C-
c-

Ce
c-
c.
c.

350
39
40

4?2

45
a6

47

NON=NDIMENSTONAL 7(S) COEFFTCIFNTS FOR TOWED VEHTCLES

75(5)=(M=XUD)*(TY="MQD)I*ZDFI T+7QD*MUD*XDFLT+XQU%ZUD*MDFLT
+ (Mo XUD)Y*ZQD#MDFLT4+ZUD* (IY=mQ@N)*XDFLT=XQD*MUN*ZDELT
2S5(8)==XUx(1Y=MQD)I*ZNELT=(M=XID)*MQ*ZDELT
+2Q+MUD#XDELT+ZQD*MU*XDELT
+XQ+ZUD*#MDELT+XQD*#ZU*MDELT=XU*ZQD*MDELT+(M="X1J0UI*ZQ+*MDFLT
+ZU*»(TY=MQD)I*XDFLT=ZUD*MQwXDEI T
*XQ*MyN*ZpELT=XON*My*znEL T
7SC3)==XXw(TY=MAD)*ZDELT4+X{/#«MQ*ZDFI T=(M=XUD)*#MTH*2DELT
+ZTH*MUD*XDELT+70*MU*XxDELT+7ONn*MX*XDELT+XTH*7UD*MDELT
+XQaZUrMDELT+XQNn«ZX«MDELT

“«XX*#7QDaMDEL T=X11#ZQaMOE L T+ (MayxUD)w2THeMDELT
+ZXa(IY=MQDI*XDFLT=ZUMQaXNFLT=2UDaMTH&XDELT
“XTH*MUD*ZDFLTY=XQ*#MU*ZDELT=xQn*MX*7DELT

2S(2)3XX*MQA#ZNE! T+XU*MTH*ZNFLT+ZTH#MUSXDELT+790«MX*XDELT
+XTH®#ZUXMDEL T4+ XO*ZX4#MDEL ToxXX*7Q*MDFLT=XU*ZTHaMDELT
«ZX*MONYXDELT=ZU*MTH*XDEL Tax TH«MU*ZNEL T=XxQ#MxX+ZDFLT
2SC1)SXX*MTH*ZDFLT4+ZTH*MX2XDE) T+XTH*ZX+«MDELT
“XX*2TH*MDF | T=Zy *MTH*XDEL TeXTH*MX*7DELT

WRITE (32350)

FORMAT (//s23Xsmasss 7 NUMFRATOR wawa?)

DO 39 J=1sNP{

IF (ZS(J).NE.O.“) GO 10 4%

WRITE (3s40)

FORMAT (/512XsMannsn 7S(J) COFFFICTENTS ALL 7ERMN ##wws™)
60 10 a9

FORMAT ¢//(¢12%Xsmd = ",13540X,n2S = "5£20,12))

DIMENSTIONALIZF THE COEFFICTFNTS OF THE Z NUMFRATOR TRANSFER

FUNCTION

DU 46 [=1,NPI
2SCT1)=ZSCI)*DCST*((LR/U)*%c1=y))

IF CITFCPRT.NE.1) GU TO 47

WRITE (3»156)

WRITE (3»472) ((.192ZSCJ))sJd=1,NPL)
CALL PRNBM (N, 28,RODTK,»RONTT,FCONV)

0000190V
0000191V
00001920
00001930
00001940
00001950
0000196C
0000i970
0000198C
00001990
00002000
0000201C
000V2020
00002030
00002040
000u205¢C
00002064
0000207¢C
000vV208¢
00002090
000uz100
00002114
0000212¢
000021 3¢
00002140
00002150
000v216U
N00U21/74L
noduz18u
000021

00002200
000u221v
00002220
00002230
0U0uU2240
0000225L
000U226UL
ooou22r7U




Ce=
c.
c.

c-

4R

49
50

5?7
53
54

56

NO 48 J=1sN )
IF (FCONVOUY BT oSF=N6) WRTITEC3s11) JsECUNVI)
TFCINIMRIS .. #QA,0Y 60 T3 80

WRITE (3,19)

WHTITE (3513) (¢ 1RO0TREJI,RODTTI(JII)IoJ=gsN)
WRITF (3,21)

N=4

NP1=N+1

C NON=DTMFNSTONAL T¢S) COEFFTCIFNTS FOR TOWLD VEHTCLES

TSCSIZSCM="XUN)«(M=ZWDN)+MDFL T+ XwNe™ D*ZDFLT+ZUN*MwD*XDELT
+(M=XUD)*MWN*72DFLT=Xw(*ZUNeMDELT+(M=72nN)eMUD*ADFL ]
TS(a)==Xije(Meo7Wn)*MDEL T=(MaxUp)*weMDELT

FXN*MUD & ZDF LT+ XWD*MUS/DELT4+7U+MADCXDFLT+7U0*MawXOELT
“XU*MWO*20FEL T+ (M=XUD)*MW*7NFL y=XW* 20D *MODF L ToxnwD*/U*MUE LY
«ZWeMUDRXDELT 4 (M=ZWDIYaMUSXNELT
TSC3)==XXa(M=T7WN)AMOF| To+x) 4 7WaMUE | T=(M=xUL)a7ZemMDELT

X7 aMUD S ZDF L T4 XWaeMUR7 DEL T4 XWDaMX&/nELT
+ZX*MUN*XOFLT4ZieMWeXELT+710DaMZaXDELT

“XX*MUD ZDFLT=Kii«+MWsZELT+eM=yUD)«MZ*IDFLT
“XZ*7UN*MDEL ToXwe JUsMOELT=YwDaZX*VDNELT
*ZZ7+MUNXUELT=ZweMUeXDEL T4 M=7WD )+ MX*xDELT
TSE2)=XX*ZWaMNE) T+XURZZ+MDF| TaXZ*M1I*ZDFLT4+XwaMX#ZUELT
+2X*MNAXDELT#ZUsMZ 4 XDEL T=XX*MW*ZDFL T=XU*MZ*DELT
eXZ#Z2UdMNDE L ToXAR7X*«MDEL To77aMII*XNEL T=/WeMX«XNELT
TSCII=SXX*7ZaMDE) THXZ*MX*7ZDF( T+ZX*MZ*xX0DELT
“XXaMZ*ZDELT=XZ &7 X&kMDELT=77aMY&XDFI| T

WRITE (3,52)

FORMAT (//923Xs"xxws | NUMFRATOR #axx")

DN 53 J=1,NPI

IF (TSCJIINF.0,n) GO 10 59

WRITE (3,54)

FORNAT (/513X netess
GO TO 63

FORMAT (/7/C12%Xs™J = ",135,10%xsnTS = ",E20.12))

ii‘**ﬂ)

TSCJ) CNEFFTICIENTS ALL (ERC

DIMENSTANAL TZF YHE COEFFICTFNTS OF THE T NUMFRATOR TRANGFER

OQuu22cty
00Nu2eyu
00Qu23uUL
000u231u
000uZ3ezu
00002330
000u234¢
N00L23sL
000U2360L
0000237y
0000238¢L
00002394
o0vu240¢
00002410
00Uu242¢
000OuU2430
000u244(
Quuu245U
000024860
oouv2ar’u
000024840
000u249¢C
00002500u
00002510
000U2%2V
000u2s3d
000L254u
00002554
000u256¢L
ooou2s/vu
0000258¢
000u2ssd
00002600
0000L261U
0000U26240
00002630
00002640
N00L265U




0T-2

c-

c-
59
60

61
6?2

63
g
C=
c-

3201

2000

3202

FUNCTION

N0 60 1=1,NP|

TSCIXI=TSCII*(CLR/UDI*&(]=1))

IF CITFCPKT NE.1) GO 7O 41

WRITE (3»16)

WRITE (3556) ((J»TSCJ))sJst,NP1)

CALL PRNBM (N»TSsROO0TK»RONTI»FCONV)

DO 62 I=1,N .

IF (ECONV(J).OGT..SE=09) WRTTE¢3»11) JrECONV(J)
IFCIDIMRTS«EQ.0Y GO TO 63

WRITE (3219)

WRITE (3,13)((J,RO0TRCJI»RONTIC(I)I»J=T,N)
CONTINUF

OTDE1(6)=TS(S)

0TDE1(S)=TS¢a)

OTDE1C4)=TS(3)

OTDE1(3)3TS(2)

OTDEN1(2)=TS(1)

OTDE1(1)=0.0

N=53N10=N

CALL PRNBM(N,DTNE1,0TDE1IR,NYDF1I»ECONV)
WRITE(3,3201)C0TDEIRCJI0)»0OTDFL1ICJ10),J10515N)
FORMAT(/»"2ERNS DF TD/E1",/,4¢F9.a,F9.,4))
N2g3N12=N

Do 2000 I1=21,5

OTE2CI1)=TSCI1)

CONTINUE

CALL PRNBM(N,NTF2,0TE2R,OTF21.,ECONY)
NRITE(3,3202)COTE?PRCJ12),0TE21CJ12)5»J12=1,N)
FORMAT(/,"72ERNS OF T/E2"5/,8(F9.8,F9.8))
0ZDE3(6)=2S(5)

0ZDE3(S5)=ZSC4)=TS(S)+U0
0ZNF3(8)=2S(3)=TS(4)+UD
NZDE3IC3)I=ZS(2)=TS(3)*y0

00002664
00002674
0000268¢C
0000269¢
00002700
0000271V
0000272¢C
00002730C
00002740
0000275V
00002760
00002770
00002780
00002790
000v2800
00002810
00002820
0000283
noovzBa4u
000u285u
00002860
oQov287¢
000028840
000u2890
0000290U
00002610
00002920
0000293¢
00002944
0000295¢
g00u2960
00002670
000\/2960
00002990
00003000
00003010
0000302¢
00003030




1T-20

3203
2997
2998

3006
3oon?

3003
3001

3004
3016
3009

3007

0ZNDE3(2)32SC1)=TS(2)*ull
NZDF3C1I==TS(1)elill
N=53N10=N
CALL PRNRM(NSN/NE3»Q70E3R,N708312ECUNV)
WRITF(3,3203)(07NE3RCU14),NnZ20F31CJ18)5J18=1,N)
FORMAT(/e™Z¢ RNS OF /N/E3 AND 7/720%s/54(F9,40FY.4))
WRITE(3,299R)
FORMAT("ENTFR KTDORGeDELXKTNsKTNEFIAN™»/)
READC3, /IKTDORG,DELKTU»KTNFIN
TFE(NPFLKTN,F@,n) GO TO 9o
NGATNS(KTDFIN=KTNORG)/DFELKTN#+
KTD=KTDORg
NO 3001 JD=1sNGAIN
RIDF1(7)=US(7)
RTINDE1(OI=DS(HI=xTD*TS(5)
RTDEY1(5)=NS(S)=wTD*TS(4)
RIDF1(4)=DSC4)"xTD*TS(3)
RTDE1(3)=DS(3)=KTDN*TS(?)
RTDE1(2)=DS(2)KTD*TS(1)
RTNE1(1)=DScl)
N=g
CALL PRNBM(N,RTNET,RNAUTR.RNOTT,ECONV)
DN 3006 J=1,sN
IFCECONV(JY)Y 6T, ,SE=09) WRITE (3»310) JsbCONVC(J)
CONT INUE
NRITF(3»3002)KTn
FORMAT(FR.?2)
WRITF(3,3003) (ROOTH(JIHRUOTTI(JI»Jd=1»N)
FORMAT(4(F9,4,F0,8))
KTD=KTD+DELKTN
WRITE(3,3004)
FORMAT("DO YOU WANT TU CONTINNE KTID R, LnCus™)
READC3»/7)INVAL
IF (NVALLEQ.1)Y A0 TU 2997
WRITE (32300%)
FORMATC(WENTFR KTD"™)
READ(C3I»/ZIKTD
WRITF(3»3008)

0U0u3CuuL
0COLI0SL
QUOLOL3Cet
couu3t/u
000030480
000V30YCL
000uU310L
00003110
00Cu3teu
0000V 3130
npouv3ltay
WEVVEVICE -1V
ooCuiltey
VR VEBWAY
000UL3tL8L
000G31SC
00Cu3dzul
0o0u32lvu
0000322¢
00003230
00003240
000u325¢L
000u3264
000uL327¢4
o0uu32dad
000032%C
00003300
000u33lv
0000332y
0COu333dv
0000334V
0GOU335V
00003360L
00003370
000v338u
0CU0339U
000V 340V
0Co0vu34alce




¢I-D

3008

3009
3010

3011
3012

3013

3014
3017
3015

3018
3019

FORMAT("ENTER KTORG»NDELKT,KTFIN"™)
READC3»/)KTORGINELKT»KTFIN
IF(DELKT.EQ,.0) /0D TO 99
NGAIN=(KTFIN=KTNRG)/DELKT4+1
KT=KTORG

D0 3012 JD=1»NGAIN

RTE2(7)=DS(7)
RTE2¢6)=DS(6)"KTD*TS(5)
RTE2(5)=DS(S)=KTN+#TSC4)+KT*TS¢S)
RTE2(A4)=DS(a)=KTO*XTS(3)+KT*TSr4)
RTE2¢3)=NS(3)=KTD#TS(2)+KT+TS¢3)
RTE2(2)=DS(2)=KTD*TS(1)+KT«TSc2)
RTE2(1)=NSC1)+KT+TS(1)

N=6

CALL PRNBM(N,»RTF2>RO0TR»RNNTI.ECONY)
D0 3009 J=i,N

IFCECONV(J) 6T, SE=09) WRITF (3,110) J,ECONV(Y)

CONTINUE
WRITE(3,3010)KT .
FORMAT(FB.2)

WRITEC3,3011)C(ROOTRCUILRANTIFUINI=12N))

FORMAT(A4(F9.42F9,48))
KTaKT+DELKT

WRITE(3,3013)KTn

FORMAT("DO YOU WANT NEW KTD,0=NO,» 1=ENT,2=ENTRCOMP,KTD Naw=",F8,2)

READ(C3»/)NVAL

IF (NVAL.EQ.1)Gn TO 30163 TF (NVAL.EQ.2) GO TU 2997

WRITE(3»3014)
FORMATC("DU YDU WANT TO CONTINIIE KT R
READC3»/INvVAL

IF (NVAL .EQ. 1y GO Tp 3007
WRITE(3,3015)

FORMAT("ENTER KT™)

READ(3,/)KT

WRITEC323019)

FORMAT("ENTER kZDORG,DELK7D,xZOFIN™)
READ(C32/)KZDORGSNDELKZD»KZDFIN

LOCUS™)

00003420
0000343V
00003440
00003450
00003460
00003470V
00003480
0000349¢C
00003500
00003510
00003524V
0000353¢C
0000354C
00003550
00003564
000035
000035484
00003594
00003600
€00u3610
00003620
00003630
0000364u
00003650
000U366U
00003670
0000368U
0 3490
00003
0000371¢
00(1\ 37¢¢
00003730
0000374
0000375¢0
0C003760
0000L37T7U
0Q0u378uL
0G0uv37r9d




£1-0

3020

3021
3022

3099

3023

3103
3024
31029

3076
3098

IF(RFLX/N,FR,0) GU TO 99
NGAIN=(KZNF IN=K7NURGY/DFLK 7N+
KZD=KZNORG
N0 3022 JL=1,NGAIN
RZNDE3CTI=NS(T7)
RZNDE3(AYI=NS(6)=kTUTS(5)+ (/70 /RADTAN)®/S(5)
RIDFICSISNS(S)=kTHeTS(8)+KTuT(S)+(KZI)/RADIAN) «(2S(8)=Tg(5)xbLU)
RZDF3ICAI=ZNSC4)Y=wTPD*TSCI)+KTeTe(8)+(K7D/RADIAN)I#(2S5(3)=Tg(4)wtiy)
RZDFIC3IIZDSC3IIKTO*TS(2)+KT*T(3)+(KZ0/RADIAN)#(/£S(2)=Tg(3)*ljL)
RZDE3IC(2)=NS(2)=kIN*TS(V1)+KT4T<(2)+(KZD/RADIAN)I#(ZS(1)=T(2)%U0)
RZDEICII=NS(II+KT*TSC 1)+ C(KIN/RADIANI* (=TS (1)=ull)
N=6
CALL PRNBM(N,RZNFI,KNCTR,RANTT,ECONY)
NO 3020 J=zq,N
IF (ECONV(Y) GT. oS5F=09) wHITE (3,110) JstCanved)
CONTINUE 3WRITF(323110)K7N
WRITE (3,3n021)Y((RONDTIRIII»RNCTTICI)»J=1-N))
FORMAT (4(FO,4,F9,4))
KZD=KZD+DFLK7D
WRITF(3,3000)KTn
FORMAT("NOU YOU wWANT NEw KTD,
REAN(3s/INVAL
IF (NVALLEQ,1) Al TO
WRTITE(3,3023)KT
FORMAT(™DO YOU
READC3,/)NVAL
IF (NVAL.EQR.1)Y a0
WRITF(3,3103)
FORMATC("NO yYOu wANT TO CONTINNE KZnD R,
RFADC3s/)NVAL
[F (NVAL.ER,1) AN TO 301A
WRITEC3,3025)
FORMAT("ENTER K7D™)
REAN(3»/7)KZD
WRITE(3»3098)
FORMAT("ENTEPRP wZ0RG,DELK7.KZFIN™)
REANDC3»/)KZ0ORGINFLKZskZF IN
TFCNFLKZ.ER,0)Y a0 TO 99

KTU ?\nw ="IF8'2)

30143 IF (NVA) LEGC.?2) GO TQ 2967

WANT NEW KT, KT NOW =",FR,2)

TO 301731F ¢NVAL (EG.?2) GU TO 3007

LOcusn)

QQuu IR
0C0u381ivu
0ouu3jege
00u0 38 40
000u3aac
nouuigsho
oocu3ee6l
nooou3grse
aoouu3gedl
ouou3avye
00003900
00003910
000u3s ey
gCuL3Ig 3L
00003940
0C0U395U
000u3g9e6l
0000397¢L
0000398u
000U39%U
oaou4000
000u4a01lu
00uug02u
00004030
o00vuacau
IV YY)
000u406L
00UUu40/7¢u
000v408U
0u0u409yL
00Uuv410U
000u411L
00004124
000U413¢
000048144
000ud415U
060Lay6U
nQouagr/v




7I=0

3027

3250

3028
3029

3032

3033

NGAIN=(KZFIN=KZNRG)/NELKZ+1
KZ2=KZORG
DO 3029 JD=1s»NGAIN
RZ20(8)=Ds(7)
RZZOC7)=0SC6I=KTD*TS(S)+KZN*2¢(S)
RZZ0(6)=DSCS)I=KTD*TSCA4)+KT#TS¢S)I+KZD*(2SC4)=TS(S)*UQ)I=K7#%25(5)
RZ2Z0¢S5)=DS(a)"KTD*TS(3)4KT*#TSc8)+KZD*(2S¢3)=TSca)*U0)=K7*(ZS(4)
=TS¢5)«U0D)
RZZ0€8)=DS(3)+KT*TS(I)+KZD*¢2s¢2)=TS(3)*U0)=KZ*(2S(3)=Tg(4)*y0)
«KTD2TS(?2) ‘
RZZ0C3)aDS(2)+KT*TS(2)+KZDw(ZcC1)=TS(2)*UQ)=K2Z#(ZS(2)=Tg(3)*U0)
“KTD*TS(1)
R2Z0€2)=DSC1)+KT*#TS(1)=KZD#TSC1)*UD=KZ*(ZS(1)1=TSC2)+UQ)
RZZo(1)="KZ#(=Ts(1)*U0)
N=7
CALL PRNBM¢N,RZ70,RO00TR,RONTI.ECONY)
IF CECONV(J) ,GT. SE=09) WRITE (3,110) J,ECNNvcJ)
CONTINUE BWRITF(3,3110)K?
GAINEKZ*Z2S(¢(S)/NS(5)
WRITE(3»3250)GAIN
FORMAT("GAIN =n,FB.4)
NRITE (323028)C¢ROOTR(JISRNOTTIC(JII»JS12N))
FORMAT (4(F9,4,F9,8))
K2sK2+DELKZ
WRITEC3,3099)KTh
READC3,/)NVAL
IF (NVAL.,EQ.1) 60 TD 30163 1F ¢NVAL,EQ,2,) GO To 2997
WRITEC(3,3023)KT
READ(32/)NVAL
IF (NVAL+EQ.1) a0 TO 301731F ¢NVAL +EQ.2) GO TO 3007
WRITF(3,3032)KZn
FORMAT("DO YOU WANT NEW K7Zn,K7D NOW 3",F8,4)
READ(C3»/INVAL
IF (NVAL .EQ.1) GO TO 30243 Tr(NVAL.,EQ.2)GO TU 3018
WRITE(3,3033)
FORMAT("NDU YOU WANT T0Q CONTINIIE KZ R, LOCUS")
READC3,/)NVAL

00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00008320
000043 3¢
0000434¢
00004351
0000g300
00004370
0000438C
00004390
00004400
00008410
00004420
00004843V
000043440
000C445¢
00004460
00004470
00004480
00004490
0000450¢C
00004510
000U452¢
0000u4s 3¢
0000454y
00004550




ST-0

9Nan

C-
c-

9001

BA
9101

9002

9104

9005

IF (NVAL.EQ.1) Al TO 2024

WRTITEC3,9000)

FORMATC"™DD YN WANT A TIMFR| Tn)
READC3, /INVAL

TF(NVAL .EQ,0) Grn TN oy

WhITFCA,a000) CTITLECTI)»I=1,11)

STANDARD TFEST VALUES USED F0R THESF TIMEPLTS
IF=1

TDEL=011

TMAX=20.

RTIvE=0,

PTINME=10.

N:o

IpLov=1

TWRITE=0

WRITF(UpQOOB)IF.TDEL:]MAX.QIINEpPTYNEpN'IPLUT:]WRITE
FORMAT (T 1o 1H»sFRa3rlHsFB.3stHs2F 10,551 Hs»F10eSs1H»>»
F10eSs1Hos T8 1H,»[5,2H, %)

WRITF(3»9001)

FORMATC("ENTFR KTDsKTorkZNsK7»GaMP™)
RFANCIP/ZIKTDI KT, K/NsK /s GAMP

WRITF(3,9002)

FORMAT("TIMFPLT FOR WRICW 1 00P3™,

»"™ ENTER 1=1ST, 222NN, 3=3RN, 4=4TH")

READ(3s»/)NVAL

IFCAVAL.ER.?) Gn TO 93100

TFCMVAL L EQR,.3) GN 10 9104

IF(NVAL.EQ,.8) Gn T0O 9107

GAIN=GAMP#*(TS(5)Y/05(7))

WRITFEC42900u4)N1n2GAIN

FORMATCT 1o 1H» s F15,557Hs#)
WRITFCA,9008)CCNTUELIRCTI),OTDFLECTI))»T1=1,N10)
FORMATCAOCF 12450 1Hs )1 00/)

aouvvasey
00g0uas’e
Nogu4gsel
000uasSYL
0C0ug6Uy
000bL4610
00Luaecel
000U463L
Q00uLas4L
000u4esSL
000UVAaK6L
00004670
oQuUUL68L
000U4690
00Cug7UL
poouarziv
0000472u
ooouuariu
0QCu4a74aL
0000475u
ocovazel
000uaz/L
00o04arac
0000479¢C
0000480C
noouantu
no0uaezc
000u4e 3L
0000484¢
ooouaasy
000u4a860
ooouas/u
ocovasey
000u4a8Yy
NCOUL90L
000U49lL
Qouvaged
0000U493¢C




91-2

9100
9006
9007

%101
%008

9009
9103

9010
9011

9012

9102
9013

90124

GO TO 9103

GAIN=GAMP*(TS¢5y/DS(7))

WRITE(2,9006)N12,GAIN

FORMAT(I121H?2PF15,522K2+)

WRITEC(C8,9007)C(NTE2R(I2)»0TFE27¢12))51231,N12)

FORMATCA(F12.551Hs)s1H/)

G0 TO 9103

GAIN=GAMP*(ZS(5)/DS(7))

WRITE(4,9008)N1as»GAIN

FORMATCI1o1Hs»F15.552Hs%)

WRITE(4,9009)¢(NZDE3R(I3),NZ0F31C13)),1321,5N14) X

FORMAT(A4(F12.5»1Hs)s1H/)

RZDE3(7)=aDS¢7)

RZDE3(6)I=DS(6)=KTD*TS(5)+K7D*7S(S)

RZDE3I(S)I=0S(S)=KTD*TS(a)+KT*Tc(5)+KZD*(ZS(4)=TS(5)*U0)

RZDE3I(4)=DSC8)=KTD*TS(3)+KkTaTS(8)4kZDe(ZS(3)=TSca)*UQ)

RZDE3I(3II=DSCIeKT*TSCII+KZN*(78(¢2)=TS(3)*UD)=KTD*TS(2)

RZDE3(2)=DS(2)+KT*TS(2)4KZN*(7SC1)=TS(2)*U0)=KTD*TS(1)
RZDE3(1)2DSc1)+KT2TSC1)=K7D*TS¢1)*UD

Nz 6

CALL PRNBM(Ns»RZNE3I»ROOTR>ROOTT*ECONV)

N0 9010 J=1,N

IF (ECONV(J)

CONTINUE

WRITECA,9011)N

FORMATCTI1,2Hs*)

WRITE(CA,9012)((ROOTRCJU6IRONDTYICJE))»J6=21,N)

FORMATCA(F12.551H2)21H/)

GO YO 77

«GTs +S5E=09) WRITE (3,110) JrECANV(J)

GAINSGAMP*((=KZ#ZS(5))/DS(7))

WRITE(459013)N1ar»GAIN

FORMATCTI1,1H»»F15,552H, %)
WRITEC4,9018)(CC(NZOE3R(JITI,NZDFITCITI)I»JT=1,N14)
FORMATCA(F12,851Hs)s1K/)

R2zo¢8)=Dsc7)

RZZ20¢7)=2DS(6)=KTD*TS(5)+KZN*Z&(5)
RZZ0O(6)=DS(5)=KTD#TSC4)+KT*TS¢S)+K?20+(2S(4)=TS(S)*UQ)=K7+2S(S)

00004940
00004950
00004960
00004970
00004980
00004990
00005000
00005010
00005020
00005030
00005040
00005050
00005060
00005070

- 00005080

000050%¢C
00005100
0000511¢C
00005120
000051 3¢C
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
0000S522¢C
00005230
0000S24¢
0000525¢
00005260
0000S2/70
0000528V
0000529¢C
00005300
00005310




LT-D

RZ720(5)=NSCa)=KTNeTS S )4 TaTSra)+k70D*(7S¢3)=T5¢u)*UQ)=K7+(Z2S(4)
- =TS(S)*UL)
RI7OCBI=NS(3)+RT4TS(I)4KINw(Z2c(2)=TS(3)sUL)I"K/a(¢/S(3)=Tc(a)*ul)
- =KTN+T7S(2)
RZZO(II=NS(2)4KT*TS(2)4K7Na (/7 C1)=TS(2)*UL)I=KLa¢25(2)=T(3)*0L)
- =KTIND*TS(')
RZZ0(?2)=DS (1) +KTHTS(1)=K7N*TSe 1) *1N=KZ*¢Z78(1)=TS(2)*uM)
R220¢1)==K7a(=TC1)*li()
N=7
CALL PRNRM(NSRZZ70,»RONTR,RANTIL,ECQONV)
DO 9015 .J=1,N
TF (FCONV(J)Y .GT, S5E=09) WRITE (3,110) JrECNNV(J)
9015 CUNTINUF
WRITFCa,9016)N
9016 FORVMATC(T192H»»)
WRITE(4,9017)YC(RNOTRCUII e RNOTTICI))I»J9=1,N)
9017 FORMAT(CA(F 12,50 Hs )p1K/)
77 WRITF(3,9018)
9n18 FORMAT("DU YOU WANT ANOTHFR TIMEPLT™)
READ(3»/)INVAL
IF(NVAL.EWG.1) Gn TO AR
99 CONTINUF
c-
c- NOW WRITE PROGRAM COST [NFNRMATION
C-
IT1=TIME(2)/60.n3 XM1=0,05+1T,
[T2=TIMF(3)/60,n3 XM2=0,0341T5
IT3=TIME(C7)/6N0,n3 XMI=0,01+1T1
XMO=XM] ¢ X M2 4XM3
NRITF(3,51) IT1,XM1,T12,XM2,1T35XNM3sXMY
51 FORMAT (/o™ PROCESSOR TIMF = »,19s"™ SEC"»5XsME"»F 6,20/

- " [/70 TIM¢ = ", 09," QFC"sBX,"E",F&e2s/
- " PRORATFD TIME = "s15»" QFC"s5%Xs"8"sFg,22/
- 20X,"T10TAL COST "yNEN,FH,2)

STOPSEND

SUBROUTINE PRNBM (N»A,U,V,FCUNV)
OIMENSTON A(AR)s11(BI s V(BRI sFCNNUCB) e H(BI,B(B),C(R)
I1COUNT =}

CCO0uLS3¢u
0CUuUS 330
COouuLS 340
00005350
000uS 360
000usSar’t
000uS534C
000US3IYL
NCULS4UV
000US41L
000uSacél
000uUS4g 3L
oouuSadg
0QUuUSaesSL
0000S 46U
0000S47¢
00uuS4du
000us49C
0000SS0UL
000usSs1de
000uS52L
0000593¢C
00005544
00005550
000uUSS6uU
000usSsS7L
000uUsS8C
000uU55Y¢L
0000US60C
00005614
000uS62L
0000S563¢C
000use4ad
000US65¢
00005664
000uSe6/L
0oousSe8y
000uUS6YU




8T-0

c-
c=
c-

c-
c-
c-

C=
c-
c-

c-
C-
C=

EFIX=,SE=09
CONv=1,E£"35%
NC=N+1

SEND COEFFICIENTS TO REDUCFD cOEFFICIENTY STORAGE

DO 1 I=1,NC
ECONV(I)=0,0
H(Id=A(1)

INITIALIZE GUESGES AND SET REVERSAL INDICATOR NORMAL

P=0,

0=0.0
R=0,

IREV={

SCALING TO BE ONNE AT THIS POYNT AND REMOVE aLL ZERO RONTS

IFCHCNC)) a»394
NC=NC=1
V(NC)=0,0
U(NCc)=0,0

G0 10 2
IFCHC1)) 7557
NCaNC=1
V(NC)=0,
UCNC)=O,

DO 6 I=gsNC
HCIISHCT+1)

GO 10 &

TEST FOR VARIOUS DEGREES

IFCICOUNT,LT,.2) GO TO 8
ECONV(ICOUNT=1)=E
ICOUNT=ICOUNT+1
IF(NC=1) 10,50,10

0000S700
00005710
00005720
00005730
00005740
00005750
00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005860
0000587«
00005880
0000589¢C
00005900
00005910
00005920
00005930
00005940
00005950
00005960
00005970
000059840
00005990
0000600
00006010
000060C2¢
0000603
00006040
00006050
00006060
00006070

R




61-0

C-
C-
C-

c-
c-
C-

10
i1

12
13

14
15

16

18

19
20

21

2?

IFC(NC=?) 12,1151?
Re=H(1)/H(?2)

GO TN 37

IF(NC=3) 1a,11s14
P=H(2)/kR(3)
Q=H(1)/KH(3)

Gn 1N 4y

TEST TO REVFRSE CHEFFICIENTYS AND NN SO IF TeST

IFCABS(H(NC=1)/HI(NC)I)I=ABSIH(2)/H{1))) 19,21,21

[REy==1RF Yy
M=NC /2

DD 16 I=z1,M
NLENC+1 =1
F=H{NL)
H(NL)Y=H(T)
HOT)=F

[F(Q) 1R»17,18
pP=0,

GO TO 19

P=P/Q

R=1./Q

IF(R) 20221520
R=1-/R

NEWTON» CALCULATE

E=EFIX

R(NC)=H(NC)
CINC)I=H(NC)

R(NC*1 ):00
C(NC+1)=0.

NP=NC=1

D0 35 J=1»,1000

DU 2?3 T1=1,NP
I=NC=-11
BCTI)=H(TI)+R«B(I4+1)

FCR) AND TERT FCR RONT

SUCCEENS

oCoueoBY
000u6B0OYy
N000u6iuL
0COUeY LV
0U0u6LelL
000061 3v
oo0ustldal
000QUE15L
00VL6160
00Quét1 7L
000U618¢L
000U6LYL
000u62V0G
000UB21L
0Q0ue220
ouuLe23u
ooouuéz24au
00006254
000uV6Z60
000U6,7U
00006280L
000u6Zvyl
0gou6300C
000UK3LC
000u632U
000uUb33V
0000L634U
000U635¢L
000us36U
Q0Vu63/U
0000L6348L
000U63YL
0000V64UC
000v6dluy
00006424
0QUub4a 3L
000u6a4L
Q000ueasu




0¢-D

c.
c-
c-

C-
c-
c-

c-
C=
c-

23

24
25

26

27

28

30

31
32

33

34

35

36

37

CCIX=BCT)+R*C(141)
IFCABS(BC(1)/HC1))=E) 37»37,24
IFCCC2)) 26425526

R=R+1,

GO T0 27

R=R=B(1)/C(2)

MAKE A BAIRSTNW REDUCTION AND CORRECT

DO 28 Ii1=1,NP

IaNC=11
BC(I)zH(I)=PaB(I+1)=QeB(I+7)
CCIN=BC(I)=PeC(I+1)=QeC(I+2)

TEST FOR CONVERGENCE OF BATRSTYOW PROCESS

IFCHC2)) 30,295,130
IFCABRSCB(2)/H(1))=E) 31,531,132
IFCABS(B(2)/H(2))=E) 31,31,32
IFCABS(BC1)/H(1))=E) 42587532
CBAR=C(2)=8B(2)
D=C(3)%#2="CBAR*C(4)

IFCD) 34,333,384

PaPesy

OIQ.(O“.)

60 10 135
PaP4+(B(2)#C(3)=R(1)*C(4))/N
Q=Q+(=B(2)*CBAR4B(1)*C(3))/D
CONTINUE

ExEa10.

IFCE=CONV) 22,22136

CONV=E

60 10 a2

LINEAR, COMPYUTF AND STORF L tNEAR ROOTS

NC=NC=1
V(NC)=0,

00006460
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540
00006550
00006560
00006570
000065680
0000659V
00006600
00006610
000066«

0000g¢ 3V
00006640
00006650
0000666V
00006670
00006680
00006690
00006700
00006710
00006720
000vus7 30
0000674

0000675

0000676L
00006770
000u6ET78

000u679

000_ YAY]
000us81Y
0C0v6820
00006830




c-
C-
c-

C-
c-
c*

c"
c-
c-

3R

39
7o
41

47

43

a4

a5

46

a7

48

IFCIREV) 38,3Q,209
UINC)I=Y /K

GO TO 40

UCNC)H=R

NO A1 T=1,NC
H(T)=B(I+1)

Go Tnn 7

QUACRATIC. SNLVYF QUApRATIC AND STNRE RONTS

NC=ENC*=2

IFCIREV) 43,ub4,n4
QP=1./Q
PP=P/(8*2.,0)

GG TN 45

QP=Q

PP=P/2,0
F=(PP)*x2=QpP
IFCF) agrarrny

CASE OF IMagINary RUO)S,

UCNC+1)==FP
U(NCY==PP
VINC+1)=SuURT(=F)
VI(NC)YI==VINC+1)
GO 10 48

CASE DF RtaL RONTS
UCNC+1)==STIGNCARS(PPI+SQRT(Fr),PP)
V(NC+1)=0,

UCNC)=QP/UCNC+1

VINC)=0. ’

FORM NEW REDUCEN COEFFICIFNTS

DO 49 T=1,NC

000u6B4uL
000VERSU
0OOLEEGLL
NOGUBRTC
n00u6BHL
000u68Y9CL
N00VLEGCL
00ULUBGLL
0C0uK92VL
0CUL6YIL
000VEGUL
0CO0LASOV
00006960
000u697C
couvgsyU
N00U6GIL
0C0OuT0UL
oouu/oly
oQour’cau
000u703¢
00vL7040C
000uUZ7054u
000uv7CceHU
000uz07U
noour7oBu
0000U70YU
ooour104L
000uT711V
0oour12¢
000u713C
000Uy 4u
000uL715¢C
000u7160
0000u7170
000u7148¢0
0000719¢C
000u7200L
000u721U




¢¢-0

89 H(I)=B(I+2)
G0 T0 7

S0 RETURN
END

00007220
00007230
00007240
00007250




APPENDIX D

TIME HISTORY PLOT DIAGRAM CARD LIST

(Reverse Page D-2 Blank)







o
w

$CARD
FILF

FILE
FILE
FILF
FILF

C= =+
c-
100
105%
106
4000

1

215

212
4
c-

FREFFORM

1=TIMEP) T/DATA,uNTT=01SK-SAYF=30s1 NCK,R) NCKING=3»RECNRD=10

2=D/H UNTT=REMUTE»LOCK»KECNKN=9
3z=PRIASPHUNTIT=PRINTER,KFCNRN=1S

4=FORP/DSK,UNTT=DISKsSAVE=3Ins1 NCK, AREAZSN00sRECNDKL=30
S=APFR/CATAL,UNTT=DISK,SAVF=30 ,LOCK,BLUCKING=3»RFCLRE=10

RFAL NG

DIMENSION X{ARE) (2)»YLABEL ¢3)oCONTRLCHE)» TITLF (1Y)
DIMENSTION NGC14Y,DGC14),RONTRC1A),REOTIC14),0LTPUTCL002Y51C10C2),

FORCECA»2)sNC(S)eNTe15) s 7ERURCIQU)» 7EROIC10)

COMMUN TDEL » TMAY

DATA FORCE/mIMPUT,mSTLFR ,mRaMpn P | g nRAMPu, ng A", n] cF ",

” "’"

"!"E"D"STFP"."SUIH"/

DATACXLAREL(IYoT1=152)/12HTIME(SEC)Y 7
DATACYLAREL(ID»1=123)/18KNI'TPNT=RFSPONSF
Is TIMFPLT/SOKRSE

vt e TIMEPLT /JHIIMP %4
ITF=0 3 KK==4
99 FORMAT(// s"arsnwnx N(OW,R|N

FORMATCHF 1D, 3)

FORMAT (afF20 4
FORMAT(5F15,3)

READ(124000) (TTTLECTI)?»I=1011)
FORMAT(1144)

SOURCE

REANC12/ JIFsTDFLs TMAXSRTIMFsPTIMFIWs JPLUT»IWKITE

READC1,/sENN=3)INGMIGAIN
TFCINGML.GTL0)GN TO 2

2EROR(1)==1, 3 GO Ty 215
READCY»/)CZFRORe [), 2ZERNTI (1), T=151INGMY)
READC1»7)IDGM)Y
READC1,/)(ROOTReIIHLRO0UTIC(TY,T=1,I006MY)
IFCINGMY1.GT,.1)GNn TQ 292
NG(1)==7FERARCY)

NGE2)=INGMI XY,

ING=TINGMY 4+ |

GO Tn 4

CALL CPMPY(ZERDPZERNI» INGMYI .G, ING)
CONTINUE

/
DKo

DaF e

RUMPHREYS

THE PRNGRAM PLUT/RUMP*+x%e",

C00ulCUL
o0uuQolL

Oulu002L
000u003u
00uO00uL
N00u00sL
000u00bBL
oovuoc7u
000uCGCcel
000LOCS L
0CLUCIGC
000u0tL1L
000u0y2¢
000uv01Y3C
0CuUuQ1tdL
0Clul01HU
0000C160
000vuCcl/L
NCO0u018C
000uL0 9L
0000020¢C
000002140
000002eL
000u022L
00000230
000uQ24y
0000025¢C
000v0260
000U0270
ooouQ28¢
oGcugzec
0000030CL

000u031v
noeuCaze

000u033L
0C0u0N34L
NCOUO03ISL
000u036L




-

c-
c-

c-
c-
c-
c.
c-
Ce
c-
C=

107

208
98

70
101

210
82
209

216
102

80
103

104

KKzKK+1

ITF=zITF + 1

FORMATC1H1)

AMP=GAIN

IF = FORCING FUNCTION INNIFATOR

IF=0 IMPLIES AN TMPULSE
{F=1 IMPLIES A STEP
IF=2 IMPLIES A RAMP
IF=3 IMPLIES A PULS&E
IF=4 IMPLIES A RAMPSTEP
IF=5 IMPLIES A STNuSOID

CALL
ROOTI,1DGMY1,I0DE)
WRITE(3,208)ITF
FORMATC/»1X, "*a#x*TIME RFSPONSE RUN NUMBER"™,13," ##aneann)
WRITE(3,98)
FORMAT( /
DO 70 I=1,1ING
WRITEC3,101)IsNGCIT)
FORMATCLIOX s "NG(m, I1,")2",F17e7)
IFCINGM1.EQ,0)GNn TO 216 3 WNRITEC(39210)
FORMATC///7/710Xs7THE ZEROS OF THE NUMERATOR"/)
D0 82 131, INGM}
WRITE(3,209)1,2FRORCT)»ZERNTCY)
FORMATC10X,"ZERNC",11,M)an,F17,7»" ¢ J "sF17.7)
WRITE(3,102)
FORMAT(//7710Xs»THE RQOTS NF tvHE DENOMINATOR®/)
DO B0 I=1,1DGM1
WRITEC3,103)I,RNOTR(I)»ROOTTC(T)
FORMATC1O0X, "ROOT(",11,")3%, Fu747," ¢ J "F17.7)
WRITE(C3,108) 1F,(FORCECIF4t,1v,1=21,2),AMP
FORMAT(////1%Xs "THE FORCING FUNCTION INDICATOR (IF) ="»134/>
n THIS IMPLTES THAT A »,2a8," INPUT WAS USEN«"»/»
n AMPLITUDE=",F17475/7)
IFCIF.EQ.3) WRITE(3,205) PTIMfF

»10X,"THE CNFFFTYCIENTS OF THE NUMFRATOR®/)

TIME¢IF»AMPsPTIMFsRTIME» N> QUTPUT»T»10sNG» ING,ROOTR?

00000370
00000380

00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
0000055¢C
00000560
00000570
00000580
00000590
0000060C
00000610
uu 0620
000u0630
00000640
000006506
000u(i6T7L
00 068(
00000690
0000070C
0000071¢C
OOOUU’( 4
000007 3¢C
00000740



208 FORMAT( /2nxs"PTIME=",F17.7)
IFCIFLEQe4) WRITF(3I2208) RTIMp
204 FORMAT( /720X»"RTIME WAS ANAUSTFD TN ",F10,4," SFCUNDS.™)
IFCIF FQe5) WRITYF(3,206)4
206 FORMAT(/ 20X,"FREQUENCY=",F17.7)
IF CICODF FR.0)Y G TN IN?23WRITEC3S96)TCNDE
Q& FORMATC(//," IrDE =%,110)
IFCICONF.FQa1) WRITEC3,201)
201 FNRMAT (/710X "THF COMKFLFX PARYT OF THE OUTPUYT VECTUR BECAME™>
= "STGNIFICANT™)
IFCICONF.EQ,2IWRITFE(3,202)
202 FORMAT(//10X, "Myl TIPLE RNONOTS FNCUUNTERFED™)
TFCICODELER,3) wRITE(3s20%)
203 FORMAT(//10Xs"BAD ENTHY = CRECK Pr)LYNUMTAL ORUFERS OF T.gp."™)
IFCICCNE «NFOoO) 613 TO 1
302 XMAX=T (1)
xMIN=TC1)
YMAx=0UTPUTC1)
YMIN=OUTPUTC(Y)
FLEMUM=TMAX/TDEI
IIH=FLENUM ¢ 1 ,Nn
NN «00 KI=1,11H
TFCT(KT)oLT  XMINIXMIN=T (KT
IFCTCKI)eOT XMAYIXMAXSTCKT )Y
IFCOUTPUT(KI) GT.YMAX)YMAX=AUTPUT(K])
IFCOUTPUTCKT) e LT« YMIN)YMIN=CUTPUT(KI)
600 CONTINUF
WRITE(3,97)
97 FORMAT(C1HY»///7/sBXs» "TIME" 13X, "0UTPUT"» /)
DO 10 1=1,10,7
10 WRITF(3,200)T(¢IY»0UTPUT( D)
200 FORMAT(C2F17.7)
WRITF(3,107)
IFCIWRITE .EQ.0)R0 TO 11
ITER=1
WRITE(S»?213)
WRITF(S,?214)TITER, TMAX, IDGMY, TTH
213 FORMAT(30X)

o0uun75¢C
000un7e6L
0QGuo7/u
0Qouo78y
000uC79¢
000u080C
00ou0BlL
oguuosecC
000u083y
0000VCHUU
000008540
0nougoBev
0Qou08/7U
00000880
000u089¢
000009CU
00000614

000U0920L
00UL09 3

0000094¢
000V0950L
000009064
000uv09 /U
0000098V
0000099¢C
000v100V
0Ccovtlolvu
0oo0ntp2y
0000103y
0o0u1044
0000105u
000uio6L
000v107vy
000u108¢y
0000109¢
0000110V
0000111¢
0000112¢




3

FORMAT(TIS,F10,1,215)

WRITE(S»207)COUTPUTCI)»I=1,10)
FORMAT(SCE12,551X))
CONTINUE
IFCIPLOT.EQ.0)Gn TO 1
DXB(XMAX=XMIN)/7, 3 DYS(YMAX="YMIN)/S,
IFCABSC(DY)GT.sn0001)GOTO338 3 WRITE(3,301) 3 GOTO!
IFC(KK,GT,0)60 Th 700
CALL PLOT(0,=12,=3) 3
CALL PLOT(12505=3)
CONTINUE
FORMAT(///s" *axx*xNO PLOT FNR LAST QUTPUT##swsx %)
A=0, 3 IFCYMING) T.0..AND,YMIN4DYX5,GT.0,)A==YMIN/DY
CALL AXI1SC0,AsX) ABELs»=1157,0sxXMIN,DX)
CALL AXTS(020°YI AREL»15552902YMIN»DY)
CALL LINECT,O0UTPUT»IIH»150s3>XMIN,DX>YMIN,DY)
60 70 1
CONTINUE 3 TIF¢IPLOT.EQ.NYGO TO 217
CALL PLOT(0,0,999)
LOCK &
WRITE(2,107) 3C= WRITF(2,99)
sTOP
END
SUBROUTINE CPVAL(C(RES»ARG»X» TDTMX)
COMPLEX RES»ARG
DIMENSION X(20)
RES3(00)00)
JsIDIMX
IFCJ)3r3s2
RES=RES*#ARG+X (J)
NENER
G0 TO 1
RETURN
END

GO 70 800

CAalL PLOTC1»1»=3)

00001130
00001140
00001150
00001160
00001170
00001180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
0000127C
000 80
00«

000¢ (
000« 14
000 2

000 ( 3

0000134¢

000 440
000( 182U
00C q60C
000 i 70

[ N O S R S e 2 R R R 2222 2SS RS2SRRSR R PR X2 R A2 A 8 R Xse L) 180

c-
Ce=

PURPOSE"™

N00uia9u
000u150QU




c= 000uU151C

C= THE PUKPNSF nF THIS SHURKMUTINE 1S TO NDETERMINE THE Trwy Lo IVE X AM
C* R SPONSE IIF AN [NPLT 10 A TRANSFER FUNCTINN RY TAKINa THE 000u1540L
C= INVERSF LAPLACE THANSFNRw pY [KF MpTHOULD OF RFSIDUES., 000u154L
C= INTRODUCTION TO AUTOMATIC fONTRAL SYSTEMS = ROBEKT N, CLAKK 00001550
C= (PP 70 = 77), 000u156¢L
C= no0UL15T7L
(Cac 000uls8L
Ce VARTABLES" 0U0ULISYL
c= AMP = AMPLITUNE OF THFE FPReING FUNCTINN 000UI6UL
C= PTIMF = PIILSF TIMF (SPFCTIFIFD FNR [F=3) 000ulelu
o RTIMF = RAMP TIMp (SPECTHIFN FOR If=4) 000ul162L
= W o= FREQUFMCY OF TeE SINUSNTIDAL INPUT (SPFCIFIED FOR 1F=5) 000v1630L
C=- OuTPUT = VvFCTOR OF CALcuy AvED RFSPONCF AMPLITUDE vALpIES N00UV164Y
C= T = VFCTNR 0f SEQUENTIAI TrMp VALUES DIRECTLY RELATEN TUO CUTPLTNQOUD165V
Ce Tn = NUMBER nF QUTRUT VALUFS (CALCULATED) 00001606V
c- NG = VECTOR nF NUMPRATAR CNEFFICIENTS WOV WA
C= ING = DIMENSTON OF THE ~NIIMERATIR COFFFICIFNTS 00001680
Ck RODTR = VECTNT Of wFAL PAKTS (OF THE ROUTS 000016Y¢
C- RNOTI = VECTNR OF IMAGINARY PAKTS OF ThHE RUOOTS 000ul7ul
c= INGMy = NyMApR OfF w001 ¢ORDE® NF THE DENOMINATOR) 0000171y
o ICODE = RETURN CUDE VARTIAR)E 00Uuy 720
C= 1CnDF=n IMPLTES NORMALL FXECUTIUN 000u173¢C
C= TCNDF=y IMPLIES THAT TkF COMPLEX PART OF THE QUIPUI 000ul74¢
c= VECTNR ab CaMEL STONIFICANT. 0000175¢C
C* 00001704
C- 000ut7/L
c= 1¢CNF=3 IMPLIFS THAT ThF UORpER OF THF DENOMINATUR wAS 0Q0OQU178CU
C= NNT GRFATER THAN THFE ORDER OF THE NUMERATOR, 000UL7YC
C= 1CNNF=4 IMPLIES THAT THF FURCTIANG FUNCTICN INNICATO(k 00CULBUL
C= WAS SPFCTFTED INCOKRECTLY 000utalL
Ce 000U1BZU
C 0000183u
G= SUBROUTINES CALLFD™ 0O0ul184y
(0= noou185u
C= CPVAL = COMPIEX EVALUATTION DOF A PNLYNDOMIA) pooctasy
= TYME = RFSPOMSE BY THE ™frTwu0p 0OF RESTIDULS 000U1B/U
= n00u188Y




8-a

C= 00001890
o= REMARKS" 00001900
& 00001910
{6 THIS SUBROUTTINE IS DESTGNER TO GENERATE THE TIME RESPONSE OF A 00001920
C= GENERAL DUTPUT FUNCTION Xx0¢S) = X1(S)6(S). 1IN THIS 00001930
¢ EVALUATION TwO IMPORTANT ASSUMPTIONS ARE MADE. 0000194C
C~ 1) THE ORDER OF THE DENOMINATOR 0OF THE OQUTPuT FUNCTIONO0001950
Ce NF THE OuTPut fUNCTION, 00001960
Ce MUST BE LARGFR THAN THE ORDER OF THE NUMFRATOR 00001970
C= 2) WMULTIPLE RONTS OF THE DENOMINATOR MAY NOT EXIST. 00001980
e 00001990
ok kh kA AR T AN ARk e AN AR NN r e N R AR NN AR AR AR RN R R AR IR a b v ka2 %+400002000
c~ 00002010
SUBRAOUTINE TIMECIFsAMPsPTIME,RTIME, NsQUTPUT»T»I0»NG»ING,RO0TR> 00002020
“ ROOTI,IDGM1,10DE) 00002030
REAL NG 0000204C
DIMENSION P(14),NG(1¢)1K(1d);nUT(1002);T(100?)p0UTPUT(1002)p 0000205¢C
- ROOTR¢14),R00TI¢14),SAVE(C1002) 00002060
COMMON TDEL, TMAY 00002070
1CODE=4a 00002080
IFCIFeGTeSe0ReIF«LT«0)RETURN 00002090
GAINDG=1,/AMP 00002100
Ce= 00002110
C= DETERMINE TMaX 00002120
Le 00002130
C= SMALL=1.E6 00002140
C= DO 9 I=1,INGMY 00002150
C~- ABSR!ABS(ROUTB(I)) 000021 6(
c® IF (ABSR.E®.0.) GO 70 1o 000 0
L= IFCABSR,LT,SMALL) SMALL=ARBSR 000G 3
C= 000 90
IFCIF.EQ.0)GD Tn 11 000 00

GO TD €10,20»30,405,50) 000022
11 CALL TYMECOUTPUT»T,IN,NG»TNG»ROOTR,RO0TI»IDGM15GAINDG,IcODE) QQu 2y
RETURN 000022 3C
10 IDGMI=IDGM1+1 00002244
ROOTRCIDGMI ) =D, 000127256
RONTICINGMY)=0, 0Q0u226L




CALL TYMECOUTPUT T, IC,NGesTVG,ROUTK,ROUTTI» JUGML o GATINLG, Ie0CE) 00uu22/74u

RETURN 000L220L
20 IDGMI=INGMY 41 000U226L
ROUOTRCIDGMYII=,. 0N 0U0bu2300
RONTICINGMYY=n, 000u231¢
IDGM1=IpGMT 4+ 00C023¢u
ROOTRCINDGMY Y==,n01 000u233¢L
ROOTICINDGMT y=n, 000u234¢
CALL TYMECNUTPUT» T, 1IN, NG, 1NasROOTR,KO0TT, INGM1sGAINDG, [+0DE) 000U235¢L
KE TURN 000U236L
30 [OGMI=INGMY +1 00002370
ROOTRCINGMY YI=0.n 000u238¢0
RUOTTICINGMY Y= un 000023Y0
CALL TYMF(SAVF»To»I0sNGIINGeRNATRSRNOTI»TNGMLeGATNDG» TCONF) 000U2400
IFCICONE «NFLOY 60 TU 34 000v24ly
MTIIMF=PTIME/ZTDE! +045 oovL242G
IF(MTIMEL.EQR.D) Al TO 32 00002430
NO 31 I=1,MTIME oV0u244L
3t QUTPUT(1)Y=SAVF(T) 00002454
32 TP1=MTINME +y 000u24a6¢C
N0 33 1=IP1,1N nQou2ary
33 QUTPUTCT)=SAVF LT )=SAVE(l=MT IMF) 000U2484
34 RETURN 00002495U
40 I=RTIME/TDEL+.5S 0U0u250¢
RTIME=I*TDEL 00002514
IDGM1I=INGMY +1 000u2s52vV
RUOTRCIDGMY)=,0n1 000uU2953¢C
ROOTTCIDGML)YI=N N 00UU254y
IDGM1=INGM1+1 0002950
ROOTRCINGML)YS= 001 00Qu2SoU
ROOTICIPGMYY=N.n 000u257¢
GAINDGSGAINDG*RYIME 000025484
CALL TYME(SAVE,T»10sNGs ING,RNNTR,RANCTL»INGML ,GATNDG,TCONE) 000U25y¢
IFCICODE JNF,0) al) TO 41 00002600
MTIVF=RTIMF/TNE) 40,5 000u261Y
IF(MTIMF.EQ.0) 60 TO a2 000u2624u
NO 41 1=1»MTIME co0y2630

41 QUTPUTCTI=SAVFCTY) 000QU264¢0




o1-a

c-

c.
Ce
c.

Ce
c-

42

43
48
50

IP1sMTIME+1

D0 a3 I=IP1,10

UUTPUTctissAVE(v)-SAVE(I-Mrtur)

RETURN :

I0GMi=sIDGMY+1

ROOTRCIDGM1) =0,

ROOTICIDGMY )=W

IDGMI=IDGML +1

ROOTRCIDGMY)=0,

ROOTICIDGMY 3=

SQ%L TYuE(OUTPUT.T.In.NG.rNG.RUOTR.Rourl,loeul.cAana.lcnoz)
URN

DEBUG SUBCHK

END

00002650
00002660
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780

SUBROUTINE TYMECUUTPUTnT’tn;NcoINGpROOTRpROOTI;IDGMI:GAYNDGp!CUDE)00002790

COMPLEX P,S»0UT»0UTEsKsKJ»KNUM
REAL NG
DIMENSION P(ld).NG(lﬂ)pK(1ﬁ)nﬂUT(1002);0UTPUT(1002)!T(1002)1
RUUTRf14)’RUUTI(10).TTEST(16)
COMMON TDEL» TMAX

CHECK FOR BANn ENTRY
IFCIOGME LT, INGY GO TO S5
CHECK FOR MULTIPLE ROOTS

Do 5 I=1,I1DGM1
RRP13ROOTR(1)+.,n001
RRM1sROOTR(I)=,0001
R{P1=ROOTI(I)+.0001
RIM1=RO0TI(1)%,0001

00 5 JsisIDGM1

IFCI.EQ.J) GO Tn 5
RRJSROOTRCJ)

RIJ=ROOTICJ) .
IF(RRMI.LT.RRJ.AND-RRPI.GT-RRJ.AND.RIM!-LT-RIJoAND-RIPI:GToRIJ)
G0 TO S0

00002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
000029

00002950
00002960
0000297C
0000u29840
000028940
0000300C
ocvo3qle
00 3020




11-a

50

11
C-
C-
c-

?5
15
c-
c-
C-

34

35

101
100

Gh TO 9

RUOTRCJ)I=KONTR( 1) = n.0NN2
CUNTINUF

[CAnF=0

DO 11 I=1,1DGM1
PCIY=CMPLXCRONTRCT),RUUTICT)Y)

NETFRMINE THE K"S

N0 19 J=1,1nGM1

S=P(J)

CALL CPyvAL(KNUM,S§,NG» [NG)
KJ:(‘ .'On)

N0 25 L=1,1DGM}
IFCL.EQ.J) GI) Tn 25
KJ=KJ/(S=P(L )

CONT INUE
K(JISKJAKNUM/GATNDG
CONTINUF

DETERMINF THr TIMp RESPONSE

10=0

Ty==TDEL

[0=10+1

QUT1=¢0,.20,)

T1=T1+TDEL

D0 3% J=t»1nGMI
IFCROOTRCUI*TY 4 T,=100,) N Tn 35
NUT1=0UT1+X¢II*cEXPCTI*P(UY)
CONTINUF

QUTPUTCID)=REALcOUTY)
UNREAL=ATMAG(NUTY)
IFCARSCUNREAL ) &1 Tee01)G0 TN 1n0O
WRITE(32101)0'Ty

FORMAT(2F?20.7)

CONTINUE

TCIC)=T1

CGU\..!().’\;
0U0u3CHUL
000uv305L
00003060
0000307y
000u308cL
000u309¢L
000u310u
0000311vu
000u312¢
00003130
0000314¢C
C00u315¢
00003160
WVIVREWAY
0000318¢C
0000315V
00003200
0000v3210
000vL322¢
0000323¢
00003244
000v325¢
00003260
ooou3e/v
00003200
000v329u
00003304
00003314
000u33c¢y
0000u333C
00vu334vu
000U335¢
000u336L
00003370
0000338¢
0000V339¢
00003400




¢T-a

102
5%

c-

c-

IFCT1,LT.TMAX) @0 TO 34
IFCABSCUNREAL) 6T,,01)WRITF(3,102)
FORMAT(1HY)

RETURN

1CoDE=]

RETURN

DEBUG SUBCHK

END

SUBROUTINE PLOT¢X,Y,IPEN)
DIMENSION CONT(9)

DATA CONT/SiHCCFX PLOT/HUMP*5773510023FTLE FTLERAY=FORP,DSKJEND,/

BCD =a(6H P)
WRITECQ)BCD»XsY,IPENIIFCIPFN.NEL999)IRETURNILOCK 4
CALL ZIP(CONT)IBRETURN
END
SUBROUTINE SYMBNL(XsY»SZsBCD»ANGINC)
DIMENSION BCD(113)
Ta(6H S)
NWy=g
IFCMOD(NC»6),EQ, O)NW130
NW =(IABS(NCI+ NW1)/6
WRITECA)TsXsYsSZoANGINCHCRONCT)2I®y2NN)
RETURN
END
SUBROUTINE AXISe¢XsYsBCDsNCo»AXI ENsANGSRMIN,DELTV)
DIMENSION BCD(11)
T =(6H A)
NW136
IFCMODCNC,»6).EQ.0)INW1=0
NW =(TABS(NC) + NW1)/6
WRITECA)T»XsYsNCsAXLEN» ANGP»RMTINSDELTV2(BCDCIY?I=12NN)
RETURN
END

SUBROUTINE LINECPXsPY,NPT,INC,LTYP,ISM»FIRSTXs»DELTXsFIRQTY»DELTY)

DIMENSION Px¢(NPy),PY¢(NPT),RCD¢1)
INTEGER A»TEMP,sR»(
S a(6H s)

00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
00003640
00003650
00003660
00003670
00003680
00003690
00003700
00003710
00003720
00003730
00003740
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ICA = 2
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NT = ={

GO TO 60
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[FCISM=1IRCNCL)=(H+N0000)
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00 100 [=a,C,H

XPT =(PX(I) =FIRSTX)/PELTX
YPT =(PY(I) =FIRSTY)/DELTY
NA =NA4+

IF(NASNTIGN TN 110
WRITECA)IP,XPT,YPT,IC

60 TO 105
WRITECA)YS»XPT»YRT»SZsANGr»TY,ReD(1)
NA =0

IC =1CA

1S =184

CONTINUF

RETURN
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SURROUTINE CPMPY(ZFERURS» 7ERO»INGMY1ras J1DIMZ)
COMPLEX XsY»Z
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DIMENSION X(28)»Y(28),2(28),ZERDR¢2a)»ZERCI(28),»A(28)

00 11 I=1,INGM1

11

ZEROR(I)==2EROR( 1)
XC1)=CMPLXCZERORC1)»ZERDIC1))
X(Z)-(‘nDOO)

1IDIMX=2

Y(a):(l-..o.)

IDIMYS2

MAXDO=INGM! = 1

Jel0 + 1
Y(1)=CMPLX(CZERQR(JI,»ZERQICU))
IDIMZ=IDIMX + INIMY = 1
30 I1=1,10IM2
Z(11)%€0.70.)
a0 I2=1,1D0IMX
a0 J1=1,1D1IMZ

K=12 + J1 « 1
ZCK)=XC12)%XY(J1) + Z(K)
50 13=1,1D1IM2
X(13)=2¢13)

I10IMX=IDIMZ

I1a=1,1DIMZ
ACIAI=REALCZCIA)Y)

Jul, INGM1
ZEROR(J)==ZFEROR ¢ J)
RETURN

END
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