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SECTION I

INTRODUCTION

The bulk of information available regarding the characteristics
and performance of multiplex (MUX) bus systems is empirical in
nature. Consequently, designers and system planners have had to
hedge when asked to estimate voltage waveforms, drivineg point
impedances and power distribution for a proposed multiplex bus
system. Either educated guesses based on past experience are made
or a laboratory duplicate of the candidate system is built on which
the required parameter measurements can be made. When relying on
educated guesses the possibility of error has to be tolerated,
especially when the system under consideration is radically
different from the majority of existing desiens. While measurements
on a laboratory system generally give more trustworthy results, they
may require considerable time and expense. This paper describes a
third alternative, computer simulation, which offers a reasonable
compromise between the two extremes.

The use of computer simulation rather than physical realization
offers several significant advantages. First, it greatly simplifies
system analysis when the bus topoloey must be changed to investigate
various cable routing schemes. In the initial design phase when the
optimum bus arrangement and routing is usually uncertain, the use of
simulation coulcd eliminate the need for costly laboratory mock-ups.
Also, a knowledge of the system’s sensitivity to variations in cable
or component parameters is of considerable importance but difficult
to obtain in the laboratory. Finally, a need for worst-case
information in many cases leads to the application of physical "cut
and try" analysis. If applied to a complex MUX Bus, this method
would likely be excessively expensive and time consuning.

The computer simulation described in this paper may be applied
to any MUX Bus which meets the architectural constraints of MIL-STD-
1553 (1) (see Section III). Also, because of the computer program’s
reliance on steady-state analysis, systems which exhibit significant
transient response cannot be completely simulated. However,
laboratory investigation has shown that the transient response is
not significant when the bus architecture of MIL-STD-1553 is used.



SECTION II

CONCLUSIONS

As a result of this investigation, several observations of
potential importance to MUX Bus system planners have been made.

1)

2)

3)

A digital computer steady-state simulation of MIL-STD-1553
compatible multiplex buses has been developed and tested
against laboratory measurements, yielding acceptable
levels of agreement. This simulation provides driving
point impedances, power distributions and voltage
waveforms at various locations throughout the bus. The
ability to change both system architecture and component
parameters in software makes this simulation a valuable
tool for analysis of proposed MUX Bus configurations.

Laboratory observations and simulation results suggest
that an engineering trade-off must be made between power
transferred from transmitter to receiver along the bus and
the level of signal distortion in the received waveform.
Power transfer is ereatest when the stub driving point
impedances are low. However, low stub impedances increase
the loading on tne bus thereby causing an increase in
waveform distortion. Computer simulation may help to make
this trade-off a more rational one.

It has been found that under certain situations normal
manufacturing variation of component parameters may
drastically alter bus performance. The only tractable
nmethod available for determining these sensitivities
appears to be computer simulation.



SECTION III

MIL-STD-1553 (USAF)

In an effort to define operational characteristics and avionics
interfaces for multiplex buses used in intra-aircraft sigraling the
Air Force Aeronautical Systems Division (AFASD) has published a
document entitled "Military Standard for Aircraft Multiplex Data
Bus," (MIL-STD-1553 (USAF)). The following is a listing of
characteristics defined in the standard which are relevant to tais
discussion.

Transmission Mediumn: Twisted, shielded pair,
Zo = 71 ohms

Bus Discipline: Command/Response, half
duplex; bus control exer-
cised by a Bus Control Unit

Transmission Bit Rate: 1 Megabit per second
ilodulation: PCHM, usineg Manchester II code
Timine: Asynchronous, carried by

Manchester Code

iunber of Terminals: 33 maximum including Bus
Control Unit

1UX Bus Length: 300 ft. max.
Length of Terminal Stubs: 20 ft. max.
Shert Circuit Protection: 54 ohms resistor in each

conductor of the stub pair.

Stub Driving Point Impedance > 6800 ohms dc to 100 kHz
(Receive HMode): 22000 ohms 100 kHz to 1 MHz

Figure 1 depicts the bus architecture, defined by MIL-STD-1553,
which was used as a basis for the simulation. For the cases

examined in this paper, the following values were chosen for the
variables of Figure 1:

Bus Length: L(bus) = 250°

Number of Stubs: N = 20



Length of each Stub: L(stub) = 20

Transformer Turns Ratios: N1:N2 1 1:1 Pulse
Eneineeringe,
Inc.
N3:N4 = 1:1 Type 5163
Isolation Resistances: R1 = 54 ohms
R2 = 0 ohms
Receiver Input Impedance: 6300 ohns

To assure that reasonable values were chosen for the cable
characteristics employed in the simulation, Haveg Industries type
LE-572-0003/0002 cable was used as a guide. This cable, a
lightweight version of RG-108A, has been recommended for use in
multiplex bus applications on the B-1 aircraft by North American
Rockwell. Laboratory measurements on samples of this cable
produced the followine parameter values:

C = 21.8 pf per foot,
L = .109 ¥h per foot,
R = .0288 ohms per foot,

Zo = 71 ohms
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SECTION IV

CELL APPRCACH

vefinition

In the 4UX Bus system of MIL-STD-1553, each Multiplex Bus
temote Terminal Unit (RTU, see Firmure 1) is capable of transmitting
information onto the bus. Of course, only one may transmit at a
time. If tne computer simulation is to be sufficiently flexible to
21llow this type of operation, somc form of modularization is
required. The "T" section of Fisure 1 will be defined as a basic
module, or "cell", of the 11UX Bus. Each cell may contain one RTU,
two transformers, four fault isolation resistors and three sections
«f shielded, twisted pair cable. 1In addition, the first (leftmost)
and last (rightmost) cells each contain a bus termination resistor
whose valuc is equal to the cable’s characteristic impedance, Zo.
ine division point between adjacent cells is chosen such that only N
cclls, where N is the number of stubs, are reauired to represent a
riven MUX Bus.

Circuit Analysis of a Cell

Transmitting Cell

Consider the cell shown in Figure 2 whoge RTU is transmitting
onto the bus. Complex impedances Z(1) and Z(2), the driving point
impedances seen looking into the adjacent cells, will be assumed
known for the moment. _The first step taken by the simulation is to
determine values for Z(4) and Z(5) by use of the following
relationships:(3)

Z(5) _ Z(2) Cosh(¥*L2)+ Zo Sinh(¥*L2)

e (1)
Zo Zo Cosh(y-L2)+ Z(1l) Sinh(¥™~L2)
Z(4) _ Z(1) Cosh(¥-L)+ Zo Sinh(Y¥-L1)
(2)

7o Zo Cosh(3L1)+ Z(1) Sinh(¥+Ll)

—

where: Y = propagation constant of the cable

Zo

characteristic impedance of the cable
Impedances Z(6), Z(38), z(3), i?@), and Z(7) are obtained in a

similar manner using thec above relationship combined with steady
state circuit analysis and the transformer lumped component

9
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equivalent circuit. This procedure must be repeated at each
frequency which corresponds to an harmonic component of the RTU
output, voltage VT?) of Figure 2. The waveform in Figure 3 is a
normalized representation of this unit’s output voltaee. The
Fourier series for this voltage is:

oo

V(7) = 2 : C_ cos (nwt) (3)
n=1
where:
Sin 7 E%l Sin 7 ESEQ%%—EL)
Cn = = ntl n(to + tl)
T T T

n = harmonic number = 1, 3, 5,

Therefore, as many odd harmonies of the fundamental frequency as
accuracy requirements dictate will have to be considered in the
impedance calculations. [NOTE: For rise/fall times consistant with
MIL-STD-1553 and a 1 MHz fundamental frequency, approximately six or
more odd harmonies should be consideredl

After the impedances Z(1) throuesh Z(9) are known at each
applicable frequency, the next step is to apply each harmonic
component of the RTU outpyt voltare waveform V(7) to the cell.
Calculation of V(9) and V(3) from V(7) is fairly straightforward and
will not be explained in detail. Voltage V(8) is found by using
voltage V(3) and the following equation (3):

- e

V(8) = V(3) [Cosh(¥-L3)- (20/Z(3)) Sinh(y-L3)] (4)

Using this relationship, the transformer model, and AC circuit
analysis, voltages V(6), V(H), V(5), V(1) and V(2) may be obtained.
As with the impedance calculations, this procedure must be repeated
for each of the relevant harmonic frequencies.

The final step in the analysis of the transmitting cell is to
determine the composite voltage waveforms, harmonic power
distributions, and composite power distributions at each of the nine
points shown in Figure 2. The composite voltage waveform at point Q
is found by:

v(t) = Va(Q) Cos (nwt) (5)
Q (n=1,3,5...)

&omposite voltage]
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where: n = harmonic number
NN = highest odd harmonic considered
Q = position number (1,2,...,9)
V;(Q) = voltage phasor at point Q for frequency n

In the computer program this summation is done at discrete time
increments from t=0 to t=T, where T is the period of the fundamental
frequency.

The impedances previously calculated are actually driving point
impedances at each of the measurement points indicated in Figure 2.
Using this fact, along with the corresponding harmonic voltages,
leads to the following expression for average harmonic power at
point Q:

o~ 2 average
Pp(Q) = l!gégll_ cos (8) [harmonic‘ (6)
2|75 (Q) | power

where: 6 = angle of impedance Z;(Q)

To find the composite average power at point Q requires a
sunmation of the averare harmonic powers, i.e.:

composite
PQ = P, (Q) average (7)
s g W power

The only matter not covered at this point is where values for
the previously assumed impedances Z(1) and Z(2) come from. This
question, addressed in the next two sections, is the basis for the
flexibility inherent in the cell approach.

Receiving Cell

Within the framework of MIL-STD-1553, only one RTU can transmit
information onto the bus at any eiven time. Consequently, (N-1)
cells (where N is the number of RTU’s) are considered to be
receiving cells. For the purpose of this discussion these (N-1)
cells will be defined as either Left Cells (LCELL) or Right Cells
(RCELL), depending on their location relative to the transmitting
cell.

13



Right Cells. Figure 4 depicts impedance and voltage
conventions within an RCELL. These conventions are applied to all
RCELL s except the last, or rightmost cell. The difference in
RCELL(LAST) is that Z(2) is actually equal to RTERM, a known
constant, as can be seen from Figure 1. The siefnificance of this
point will be discussed in the section on chaining of cells.

As in the transmitting cell case, the first step in the

simulation of an RCELL is to determine the driving point impedances
throughout the cell. Assuming that the value of Z(2) is known:

Z(5) - Z(2) Cosh(Y+L2)+ Zo Sinh(¥<L2)

- - (8)
Zo Zo Cosh(¥-L2)+ Z(1) Sinh(¥-L2)

Note that this equation has the same form as Equation 1.

The receiving input_impedance of the RTU, ZT?), is known.
Therefore, impedances Z(9) and Z(3) can be readily calculated. To
find Z(8), Z(3) is used in the following equation:

z(8) - Z(3) Cosh(¥:L3)+ Zo Sinh(¥-L3)
Zo - Zo Cosh(Y-L3)+ Z(3) Sinh(¥-L3)

(9)

Solving for z(6) using the transformer model and Z(8) allows
the following relation for Z(4):

z(4) = [z(6) + 2-r1]||Z(5) (10)

With the value of Z(}) determined, Z(1) can be found by:

z(1) _ Z(4) Cosh(¥:L1)+ Zo Sinh{J-Ll)
Zo Zo Cosh(y+L1)+ z(4) Sinh(y-L1)

CEL)

An important point to be made here is that Z(1) of this cell is
identically equal to Z(2) of the preceding cell on the left.
Conversely, Z(2) is equal to Z{1) of the following cell on the
right. This transference of impedance values across cell boundaries
provides a "daisy-chaining" effect, supplying values for Z(2) of the
transmitter cell, which was assumed known in the previous
discussion.

The next step in the analysis is to determine the voltages

within the cell. Here the input voltage is considered to be VTH),
as opposed to VT?) in the transmitting cell case. Values for this

1k
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voltage at the various harmon@£§ are supplied by ﬁ?é) of the cell on
the immediate left. To find V(4) apply V(1) to:

V(&) = V(1) [Cosh(¥+L1)-(Z0/z(1)) Sinh(¥-L1)] (12)

which has the same form as Equation (2). Using the voltage divider
relationship:

V(6) = V?Z) —::—Ziél——— (13)
Z(6) + 2°Rl

Solving for V(8) using the transformer model leads to:

V(3) = V(8) [Cosh{¥:L3)- (Zo/Z(8)) Sinh{y-L3)] (14)

Calculating VT@) from the transformer model, determine the received
harmonic voltage at the RTU by:

V() = V) |—2— (15)
Z(7) + 2-R2

where: i??) represents the RTU receiver input impedance.

Returning to the bus/stub junction, apply the already determined
value for V(1) to:

V(2) = V(4) Cosh®y+L2)- (Zo/Z(5)) SinhTy-L2)

As mentioned earlier, voltage VT?) is the input voltage V(1) for the
next RCELL to the right.

After the above procedures have been used to obtain the
impedances and voltages for each harmonic, Equations 5, 6, and 7 are
used to determine the composite voltage waveforms, average harmonic
powers and average composite powers in each of the RCELLS.

Left Cells. The analysis of LCELLS, cells which are to the
left of the transmitting cell, is analogous to RCELLS. The voltage
and impedance conventions for this case are shown in Figure 5.
Again, the difference in the first or leftmost cell is that Z(C1) is
equal to RTERM, a point that will be discussed further in the next
section.

16
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In an LCELL the entry point for impedance calculations is ZTW).
Values_for this impedance at each harmonic frequency are obtained
from Z(2) in the previous cell to the left. The order of
calculation and methods used for gn LCELL are the same as for an
RCELL, i.e., Z(4) is found from Z(1) and the impedance translation
equation; impedances Z(9), Z(3), Z(8), and Z(6) are obtained by
using the transformer model, translation equation, and AC circuit
analysis; ZT?) is determined by using the parallel combination of
Z(4) and Z{5) in the translation equation. Calculation of voltages
within an LCELL is also analogous to RCELL’s. Instead of using V(1)
as the input V(2) is used, but the procedure to be followed is
equivalent. The main difference between the analysis of an LCELL
and an RCELL is the direction of the drivine point impedances, and
the variables which are used as inputs to the cell. This similarity
greatly decreases the complexity of the computer simulation program.
Also, it allows complete flexibility of transmitter location--a fact
that will be illustrated in the following section.

Chaining of Cells

Having considered each of the different cell types separately,
the next step is to show how they may be connected to form a
complete multiplex bus. Consider the system of Figure 6 in which a
transmitting cell, LCELL, and RCELL have combined to form a three
subscriber MUX Bus.

The first step in the analysis of this system is calulation of
the driving point impedances. Referring to Cell 3 of Firure 6, an
RCELL, several points about the cell boundaries become apparent. In
the discussion of impedance calculations in an RCELL, mention was
made that the value of Z(2) would be supplied by ZT~) of the next
RCELL to the right. However, in this case ZT?) is actually equal to
ZTERM, a known constant. Therefore, impedances ZTW) through ZT@)
can be calculated for this cell without regard to any other cell.

If there were more than one RCELL, the value just calculated for
Z(1) in the rightmost cell would become the Z(2) of the next RCELL
to the left, with the process continuing until all of the RCELLS had
been considered. The same procedure is applied to the LCELLs except
that calculation begins at the leftmost cell in which Z{1) = ZTERM
and then progresses to the right until all LCELLS have been
addressed. At that point the only drivine point impedances not yet
calculated would be those in the transmitting cell itself. Since
there is no requirement that the number of LCELLS be equal to that
of RCELLS the location of this remaining transmitting cell is
completely arbitrary, a major advantage of the cell approach.

Returnlno to the transmittine cell of Figure 6, having found
values for Z(2) of the LCELL on the immediate left and ZTW) of the
RCELL on the immediate right, calculation of the driving point

18
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impedances within the transmitting cell follows the discussion in
the Transmittineg Cell Section.

Calculation of voltages throughout the bus proceeds in an
analogous fashion but with an opposite direction of flow. Here the
known values are the harmonic voltage amplitudes of the transmitting
RTU s output waveform. Since all impedances have been determined,
it is a simple matter to find the voltages within the transmitting
cell using these amplitudes and the methods described previously.

The values produced for voltasges V(1) and V(2) become the inputs for
the cells on the immediate left and right. The chaining process
continues until all cell voltages on each side of the transmitting
cell have been calculated. This sequence of operations may be
summarized as follows: impedance calculations flow from the
extremities of the mux-bus inward toward the transmitting RTU, while
voltage calculations flow from the transmitting RTU outward toward
the extremities of the bus.

With all voltages and impedances determined throughout the bus,
calculation of the composite voltage waveforms, average harmonic
powers, and average composite powers for each cell proceed as
previously described in the Transmitting Cell Section.

20



SECTION V

MODEL VALIDATION

Validation of the MUX Bus simulation was accomplished in two
stages. First, hand calculation and Smith chart analysis were used
o check the driving point impedance and power distribution
aleorithms. Next, the voltage waveforms produced by the simulation
werc compared with oscillorsraphs taken on a laboratory mock-up of a
representative MUX Bus (2). The bus architecture used for this
cemparison, shown in Figure 7, had the characteristics discussed in
Section III with one exccption. Since it was possible to obtain only
a limited supply of pulse transformers, the staggered transformer
placcment arrangement shown was adopted.

CASE I. The first comparison betwecn laboratory waveforms and
computer simulated plots is shown in Figure 3. The transmitter, a
square wave pulse gcnerator with output impedance equal to Zo, was
connected to tne end of Stub 6. The point at which voltare
waveforms werc to be compared was the junction betweecn Stub 4 and
the bus (labcled point "A"™ on Figure 7). The laboratory
oscillozraph of this waveform when isolation resistors R1 (Figure 1)
werc included in all cells is shown on the left of Figure 8. The
dashed line on the plot directly abovc this picture is the computer
simulation of the same voltarse measured over one time period and
normalized to a +1 volt transmitter sienal excursion. Tne solid
linc in tnis plot is the simulation plotted waveform for the
refecrence point defined by MIL-STD-1553 (sec point "R", Fifure 7).
For the sake of clarity, the oscillograph of this reference waveform
is not shown.

The right half of Figure 8 shows the comparison between
laboratory and simulated wavcforns for the same measurement point
(point "A"™, Figure 7) when the isolation resistors R1 are shorted
out. Again, the dashed line on the computer generated plot
represents the simulations approximation of the waveform at this
point.

When each set of comparisons is studied, two facts become
apparent. First, the computer simulation plotted waveforms agree
very closely with their associated laboratory oscillographs. This
implies that the simulation is indeed valid. The second observation
involves the utility of the isolation resistors (R1). As shown on
the left of Figure 8, the observed and simulated waveforms are
relatively free from distortion when R1 is included in each stub.
However, as shown on the right, when this resistance is removed,
there is a significant degree of "ringing" apparent. This
distortion is a measure of the mutual interaction between stubs.
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Since the degree of interaction is an inverse function of the
driving point impedance of the stubs, the "smoothing" caused by the
inclusion of resistances K1 is understandable.

CASE II. The second comparison to be discussed refers to the
same bus architecture as CASE I, but considers the waveform at point
"B" of Figure 7. The laboratory oscillographs and computer
sinulated waveforms with and without isolation resistances (R1) are
saown in Figure 9. As in the previous case, good agreement between
the oscillographs and the correspondineg dashed waveforms on the
computer plots empirically justifies the simulation algorithm. In
addition, the set of waveforms for the R1 =z 0 situation graphically
displays the type of problem that can occur if a high degree of
interaction is allowed between stubs. If a zero-crossine detector
were used on this waveforn, an erroneous output would probably occur
if low pass filtering were not used. However, since the simulation
can predict tnis potential problem the desiener could employ
filterine, isolation resistcrs, or a different type of detector to
avoid this situation in an operational system.

CASE III. The final comparison to be made is shown in Figure
10. As in the previous cases, the bus architecture and transmitter
location are unchanred. Here the point of observation has been
moved to "C" in Figure 7. Good asreement is again shown but, more
importantly, the simulation exhibits the same bandwidth limita-
tion on a long bus that was found during the laboratory investiga-
tion.

By considering the cases discussed above, alone with many
others not shown, a reasonable degsree of confidence in the accuracy
of the simulation was obtained. Hence, the next step in the
investigation was to exercise the simulation beyond the scope of the
laboratory effort in an attempt to expose possible problems or
improvements in MIL-STD-1553. One of the early results of this
study is shown in Figure 11.

The question addressed here was the effect, if any, on voltage
waveforms caused by variation in the inductance of the cable used
for the bus. A laboratory analysis of this question would be
impractical, to say the least. However, as shown by the plotted
waveforms in Figure 11, a possible problem area would be missed if
this study were not done. 1In all four plots the dashed waveform is
the simulated voltage at point "B" of Figure 7. Case II previously
discussed this voltage waveform for a nominal cable inductance of
0.109 uh per foot. Plots "A"™ and "B" on the left of Firsure 11 show
the waveforms produced by varying the cable inductance +10% about
its nominal value when isclation resistances R1 were installed in
the bus of Figure 7. Comparing these two plots it is apparent that
little sensitivity to an inductance variation of this magnitude

2k
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would be expected. However, consider plots "C" and "D" on the right
of Figure 11. Here a considerable change in waveform is displayed
when resistors R1 are removed from the stubs and L is varied over
the same +1U% range. Since cable manufacturing tolerances are
within the range considered, it is entirely possible that a designer
expectine waveform "D" might instead find waveform "C" when the bus
was actually constructed, perhaps causing incompatibility with his
detection circuitry. This inherent ability of computer simulation
to permit variation of any system parameter by a simple change in
software provides a powerful tool for analysis of multiplex bus
systems.
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APPENDIX I
SIMULATION SOFTWARE
In order to provide a better understanding of the simulation

and to facilitate its use by interested parties, the following four
topics will be addressed:

Part 1 - The computer system on which the sinulation was
exercised, including required capacities and
peripheral equipment.

Part 2 - The basic simulation routine, called TPMOD2, with a
discussion of required inputs and available outputs.

Part 3 - The plotting routine, PLMODZ2, which produced the
voltage waveforn plots shown in Section IV.

Part 4 - The operational steps reguired to exercise the

simulation on a computer installation similar to the
author’s.

Part 1: Computer System Requirements - The simulation actually
consists of two separate programs, TPMOD2 and PLMOD2. Both of these
programs were written in FORTRAMN IV and run on an IBM 370/155
computer. To exercise the programs without modification, the
recuirements of Table A1, Figure I.1 should be met. Table A2 lists
the core and CPU demands found durineg a representative run made for
a 32 stub MUX Bus.

Part 2: Description of TPMOD2 - In order to reduce computer
core requirements and to increase flexability, the simulation was
broken into two parts. The first part, called "TPMOD2", uses the
architectural and component parameter inputs to produce a magnetic
tape on which the complex voltage "phasors'" for each harmonic at
each node of Figure 1 are written. The operation of this program
can best be explained by reference to the flow chart of Figure 1.2
and the listing of the program immediately following.

TPMOD2 has essentially a three tiered structure. The first
level, or main program, handles input and output, generation of the
input voltage harmonic components, power calculations, and the
sequencing of subroutine calls. Since this analysis is multi-
variate, involving both positions along the bus and frequency
(harmonic), there are several nested loops in the sequencing portion
of the routine. The harmonic number, or frequency, forms the outer
loop inside of which the cell number, or position along the bus, is
varied. As these parameters take on their allowed doublets, calls
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1A-45,078

COMPUTER SYSTEM REQUIREMENTS

TO EXERCISE TPMOD2 WITHOUT MODIFICATION | TO EXERCISE PLMOD2 WITHOUT MODIFICATION

1) FORTRAN I COMPILER 1) FORTRAN I COMPILER
2) COMPLEX NOTATION 8 ARITHMETIC 2) COMPLEX NOTATION & ARITHMETIC
3) 9-TRACK TAPE DRIVE 3) 9-TRACK TAPE DRIVE

4) 7-TRACK TAPE DRIVE

5) CALCOMP PLOTTER AND
SOFTWARE PACKAGE

TABLE Al

REPRESENTATIVE CORE REQUIREMENTS
AND CPU TIMES FOR A 32 STUB MUX-BUS SIMULATION

PLMODZ2
STEP TRMODE (13 PLOTS PRODUCED)
CPU CORE cPU CORE
COMPILE 15 120K 6s 104K
LINK/EDIT 28 122K 2s 122K
RUN 7s 246K 1S 242K
TABLE A2
Figure I.I COMPUTER SYSTEM REQUIREMENTS
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1A-45,076

CALCULATE
THE TRANSMITTER
CELL VOLTAGES

TR CAOLCULGATSE
VOLTAGE

NEXT CELL IN CELLS TO

ON LEFT THE LEFT OF

THE TRANSMITTER

DONE
ALL LEFT
CELLS ?

MOVE TO
NEXT CELL
ON RIGHT

CALCULATE
VOLTAGES IN
CELLS TO THE

RIGHT OF

THE TRANSMITTER

NO DONE

ALL RIGHT
CELLS ?

DONE
ALL RELAVENT
HARMONICS
?

Figure 1.2

SUBROUTINE
EMF
{ VOLTAGE
TRANSLATION
caw_ ALONG THE
——————— EMF e S C e e CABLE)
D e <] SuBROUTINE
VFORM 08
HARSLATION
THRU THE
TRANSFORMER)
SUBROUTINE
| EMF
CALL SUBROUTINE e
————— LVOLT
LVOLT _CAL._L
VFORM SUBROUTINE
VFORM
SUBROUTINE
caw_ i
CALL SUBROUTINE EMF
g RVOLT
% | cau_
VFORM
SUBROUTINE
VFORM
CALCULATE PRINT
POWER IMPEDANCES
LOSSES FROM AND POWER
TRANSMITTER RATIOS
TO RECEIVERS

FLOW CHART OF TPMOD2 ( CONT.)

32



1000 39vd

ZAOWdL 40 ONILSIT

(AxUIdhY ) LYOSI=VWNVI

(0Z)9VWIV=0X

(0Z)v3u=0Y

(A/03dwWV) L¥0S3=027

(IX*9)XAdhI=A

(IX*Y) XTdWI=03dwV

J#VI3wWOX=3X

UNI*VO3IWOX="X

1/1d#*2=v93N0X

*2/(Tl%x*¢-1)=01

ASTyl=11

(9°013%4212)1VvwWH0d
LSYIT4LSYIY T4 TS ulw X LSYI(OTT*6)UVSY
(9°2136)1vheUd
NZ924INSY3d*TITvL43STYLITOT 46 )0V 3Y
(€1¢9°2136)1vwd0d

HYHX v L DS AONTYI00TS)I0VZY
(2°013¢42°93%)1VWEC3

(2= ORI MH) 2L T AL ) ZXL A NI TGL  UHITNA N IND (9SS ) UV Y
G961 e=1d

(AVI¥3S) 2012 1v3

PNOTLVZIAVILINI

148LWXA (G)RTIL4 (S 2L (OITALA (S 2L (G ) TuL (S)TN 1 G) TN/ SNVYYL/NOWHGD
VL3E*VHAIIVLOZ/dWSdWT/NOWRKED

14 (2€)YmdXb* (2€) YN XLT

$(2€)28% (2T (2E*E) (2 6t 0L)53 (2 0E)BNLSZ (2 6 0E)T NOWWUD
(ZEIALYADE (ZL4ST I vdUASY (G T) 15614 (ST )WL XT
CLZ)IIVTIYISHLZEIHNEIST (eI HNLSY NOISNSWTO0

CSHAIV L Ze*90E) 24281

SALGAAWY VRV D024 118V Z8LWACNIS 7 ENISZA(0EINTL 4243 X31dRO2
BWIXES BWIXL P IVTIYSS  ¥lnX ¥3D3LINI

CNCTNS LSV TS GRT XSRS ENLST VLY

*%e 173I2=N xx FCVLTN0A=T wx DTINCRAVH=M =2+ (N*WeN)T NI

“QVUT 3ATLSTSzsY wWHO oL ULNT G3d N3IHM
SNO a0 QML INcky SVH SAVM vC10253dVEl LNdNI

NOTLIWAP HNLS/SNE 0L 1$3S0D
Y3WYOJSNYYL J40 3015 Gl C3INIHIJdIY 3UY SHULLIWVEVd tEWBOdSNVYHL

SAN0DI3S N1 CUTIx3d JAVM AVUICZ3dvdl=l

HLION3T LINN/SUVYYI NT S3O0NYLIDVAVD LINNHS 5NT=D
HI9NZT LINA/SCHW NI d2NVIONGNUD LNONHS 3NIT=9
HLIUNZT 1TNN/S2TuNGH NT 3TMVLIOAAONT S5T1¥3S 3NIT=0NI
HLON2T 1INN/SWHD NI 3ONVLISIS3Y S3IT¥3S 3INI=Y

Sd3L3INWVHVd YIWYOdSNVYL UNV

NOT1vIGT ¥311IwSavdl dU ALINIGVX3Nd HLIIM

SHPL1S <€ Tl dN ININIVINGD W3ILSAS Sng X21d4I1LNW Vv ¥U3
NUILNHTYISIC ¥IMOd CNV S3OAVU3dnl LNIOd SNIATYHC
SSWYOJIAYM JOV1ITI0A SINTWHILIU wY¥908d SIHL

6972676V 18294 = 31vd NIVe 12

8200
Lc00
9200
LT4VIs}
%200
£200
2200
1200
0200
6100
s 100
o11 L100
9100
1ul S100
%100
0ot €100
2100
02 1100
0100
6000
8000

(GRS NE)

PAVIVIY]
$000

6000
%000
€000

2000
1000

V0OLLLLLLLULLLLLLLLLODOVLLVLLOLLLO

A3Az7 9 Al Nvul¥U3

33



<000

(3,u0D) ZAOKL 40 HNILSIT

(0°U*X3)XT1dwI=(T)N13 6900
=N 89500
CxeX3=X3W L1900
GX3/NX3x*Z=X3 9900
1/(T1L+Ul) Ve Id=l/ 1 1= Ve]1d=0X3 $500
(L/(11¢01) #rvaldINIS#(L/11#CVaIdINIS%*Z=NX3 9900
(1-F)ef=rV €900
18dvRXVWtI=F [ OC <900
0°0=430112 1900
~
NI ¥04 S3NTAVA 31vINDIIvD ]
2
INNTANUD S91 0900
(CI1%e=URaIXHe X CT  a=UWaXLe*X20° 932
e=SUN)ANLSY * X240 T3 = (NITHI X2 0934 4= (N)T Y. X2 %° 0134 a=(N)ENLIST,I]
CXZAEI = INSE) Ve tXC ET u=(N2) N X2l a=(N TS o ) LVWYCS 0¢%1 6500
(N)ThIXu* (N)YWIX L]
(NIEHALS B  INDCHS (N) THC INIHNLSTICUNCEI T UINSTITICUNSTITI(OTT9) 31T M ES0LC
(ET*4 1730 AT -+ J1VNYOS ast 1500
N(GST*9)3LTYHM 95uU
LSY4T1=N S91 00 SS00
(9*013%=WT 4 €
tyouldt =21 470134211 04264t ,=2r  442°¢dty=T1Y L1
$2°63%e=2N 040G e =ING 7] % XIWECISAVEL NI Ua)lVarU3 [0 29UV
(ZE1=d*(HInTLT
CUMIZILAUMITALA NI ZHL N T EL CADONC UMY INC A (EST4D)ALT UM €S0VY
(9°uTl3¢4="CNT NUGLIiIVNIWDLLl LHILY ol
$9*015%¢="S5n NOILVYNTWhYLL 1HOTY Je)LlVWELS 891 <Suu
LSV LSV I (91 ¢S)3LI UM 1s00
(%°013¢s=0UNT NU1LVNIWY¥3L 1337 ol
$9* (=548 NUTLVNIAB3L 1337 Je)lV¥wiid A AN osvu
TA41SWL2T149)ILInm 6900
(€14773D NI ¥HlwX » 42T =5T7120 20 BIORIN Qs )LVWYECS [3A 6900
n TAWXISYI (v 1*G)SLTaM Lv00
(ala®E°wIT% )T+ 40913 = JONVUIAWT JILSTESLOVUVHD Ue)LVRYUd 0%1 $%00
LX¢0u(u149)31lIum [ 101 ¥]
Cala®9°2I3% ) T44%9°213%,=3TRVCIdWT "N39  4*2°6d1
$a=9d40LND LINIYId 4 4S° T3¢ e=Tvd) ety Clate=331NL Je)1lVWE0S Lel %00
NIJZINIVAd* ATVl 2SIl (Le149) 31T uM €900
(9°Cl4*«=HIQIM ZS7Nd 14709134, =0 *9°213%1
=9 449°213%=7 «*9°213%y =2 LITLSTUSLIVHYHI =16VD Os)lVvWHCd sE1 2%u0
L4Z*O9'ONT U (GET*G) LI uM 1%00
(oS3 TLILNYIG INdNIU ) LVRYOD Ot uv00
(VEl*9)31IMM 600
(//77% ssxxsxcxxnns *H9V7%0 "CN AVIYIS sssxsnsssx o *XOV)LVRE(OS BZ1 6€00
AVInSS(eZ14G)211em LeCO
9
SSNOTLTIGNOS IVILINTI 3HL 31I3M )
2}
INNTLINDD 2T 9¢00
vele=(N)BNLSYH SE00
T=(N) w3 X 9€00
(G194 °GI23%0°0lde)lvwyld o1l €€00
CIN)EwdXB (N BWEXLT
SINCEITICUNCDITIUINS TN BNLSTICINI GNLS B (W) 2ZU (N T ) (STTg)aVaY <e00
1S¢¢1=N 211 04 Ieoy
(VWAVI)OVRIV=V1:s8 0£00
(VAWY Q) 1V34=VHd IV 6200
39vd 6%/25/60 1R2%L = 31vC NIV 12 3A27 9 Al Nv¥LY¥OS

34



€000 39vd

(3,uU0)) ZAOWAL 40 HNILSI1

ANNILINOD ST o110
L1 01 OU{ULIWX*03°N) 4l 6010
1SVI=N 8010
3NNILINOD 21 L0010
)
SIINVASHWI 1152 1HIIY 3LVY3IN3D &
2
01 01 0Y{¥lwWX*LI°N) I 9010
T1+N=N SO1U
(N*®)Z27715327 1vd %010
INNILINGD 01 €010
ST 04 NOUHLWX"D5°N) 4l 2010
1=N 1010
S3INVUSUR] 1737 L1437 J1VHINIO 2
(LSYVTIXLSVIRIXAdWI=( LSV 2 M) 2 ouvlv
LSV TI%0xVIIW0X=1SVIIX 6600
(TIXCTIS3UINTARI=(T T N} 7 4600
1T 0*VI3n0X=T1IX L&0V
o
SIINVUIdWI NNILYNIWY3IL 31NdW0D o)
-
(NS ANLSZ=(NL*YN)IZ ¥ S600
(ENLSAXANIELNLSYIXTIWI= (N NIHNLSZ 5600
(N)UNLSI#OxVIIWNX=8NLS TIX 4600
1Sv1%1=N % UG €600
SIUNV(CIdKI 8NLS 31NdWOD ?)
-
(VWhY9)OVWIV=v13H 2600
(VAWRYD )} IVIU=VHY IV 1600
(A%C3dhV) LUOS2=VIWnVI 0600
(A/G3dRWY) LAH0SI=02 6800
(I1IXx*C)IXVdnI=A 880U
(1AX*H) X1dWI=03dnV L1800
Cx3X=12X 9300
CxAX=T17X Su00
*1=-%%*2=0 %500
NN¢T=X ¢ UG €800
o)
JINOWEVH H3V3 1V S3CVII0A ONV SZINVCIdwl 31NdWLD 0}
J
(e3TISNV *X9T ¢y JUNLINOVW Y *XOL* e SWHO 4 *XST°C
¢Z1UIHEXLTA//74€¢y 1132 NI ST diIwX ¢ *X92*/%4ADNANGIUS *SA® o1
SUNOLLINAL GNLS/UINX LV 3INVUIdWI INIUd ONIAID®G*X0T*//*THI)LVYWECT 006 2600
HIWX{U06°9) 3L UM 1800
AvI¥3S(6Z149)3LIUM 0800
{214 =2INORYEYH LSIHOIH Q¢)LVRAOD L31 6L00
N{LBT49)511UM g€L00
(91*y=0343GISNUD S3INCWUVH d0 d3dwWON 0s)1lVWYHOd 681 L1030
AN(SBT*9)ILI UM 9L00Q
T-NN%2=N §L00
JONIAINOD s61 %100
SONIINOD 1 €400
*OUT/LINIDYSd* (ZxxX3)=34401NJ 2400
1 01 09(1°19°r) 41 1400
S61 NL 09(34401N2°31°X3W)J1 0400
69/26/60 18244 = 31vaQ NIvim 1Z 113A37 9 Al NvULHO03

35



%000 39vd

(3,800) ZAOWAL 40 ONILSI1

6%/25/60

(NIOZ+ZULWX )/ ZElWXe ININII=(N*L!N)3
YIWX=N

SISVLITIOA 113D ¥UIwX 3LVY3N3O

(¢°L4*xs142°834x021

LT PRErAFLES IR TR S AFAL:FAS CAERS LD CARFAFR | 1-[oF]
ONIWX*SZTIS42UIX54 20813340l (1064°9)3LI UM
L/°T»(1=X*2)=C¥d
*OBT#Td/( (2135 ZUIXT)INVLIVI=INLKX
(Z#%ZvlX2+2#*20813Y)13805=321S
(2Y1nX)OVRIY=241XD

(ZYiwX)1Y3E=741 Y

2YLlWX=(H1WX*L*¥)Z

(N) 2o *2+(N*64 %) 7=2081nX

INNILNGD

(LASTAN W MIWN042Z 1VD

2=13%1

b=w

INILNCYENS uWdX SINVUadWI 3HL 11vD

Le UL OSCI*1T°(N)YWaXEg) al
IN*E* M) Z=(N*64N)Z
CONSESN)ZEINA )T IN G4 N)Z)SNUDKT 1TVD
INNTINGD

(L=STUNHENIWEDAZ 119D

1=1351

€=k

SUILINVUVd ¥wdX w0LL0% 3SN SKVIw 2=1351
SY3LIWVYUVd YwWIX dOL 35N SNV3W [=13351
ANILNOHONS ¥kdX 3ONVOsdwWI 3HL 1vD

ST CL DSUT LT (N)UwdXL)dl
(N)TEx*2=IN* G N)Z=(N*S*N)2d5Y

NOTLONNE §NLS/SNYW 3hl L1V 3IDNVU3IdWD 3HL ST 7434

(NSOON)Z=(N*B*N)Z

IN)TUs 24 CINSSONIZoUN 94N 2D ZUINS SN 2 NS 9 M) Z=(NG 94N T
CONSGENIZHUNS )TN 24D 2D SNUAKT 1TV D
CINSO M) ZH NS T)TEUINS TAN)IZ)SNUDWD 1vD
INNTINGD

(TN TEX)Z=(N 24 )2

6¢ 01 0901SVITDI°NIAI

3NNILINGD

(T=N*2*NIZ=IN*T*N)2

02 0L 09(1°D3°N) =zl

YLlWX=N

S3ONVO3dw]l 113D ¥ilwX 3L1VUYSNIO
INNILNOD

61 01 UYLYIWX"19°N) 4]

T-N=N

(LSVYIENSY)2T132Y 1TvD

18¢%L = 31v@ NIV 12

[BASRENS]

106

Lz

VLV

92

LLLLLY

(GRS RS)

sZ

0¢

(GRS RS )

L1

TIA3T 9 AL

6%10
6410

1910
9% 10
S»10
%410
€evio
2710
»10
0% 10
6€10
BE10
LETO
S€l
Selo

L4 A V)
celo
2e10
1€10
UETO
6210
8219

L2110
9zZ1v

6210
%210
€c1o
F24 4]
1210
ozZlu
6110
8110
L1T0
FAR O]
st10

sl lu
€110
488
1110

NY Y1403

36



$000 39vd

6%/25/760

(3,U0)) ZAOW4L 40 9NILSI1

2=N (HIWX®03°N)d1
=N

3ONVQ3dWI 9NLS Q3H2v130

(TOLSVIS TN (T 6 TR  (TENNST=X  INSWENITD DD CTTDILTHM
NN L YIWX ¢ LSV AvIU3IS(IT)3LI UM

3dvl vk NO SANTVA BOSVHD X ITdW0OD JLIUM

INNILINCD

INNITINGD

g% 0Ol 0ll1Sv1*3T1°N) 4L
Te¢N=N

(N*Y) L1T0AY VD

SNNTINGD

T+YLWX=N

s% 01 COU1Sv*C3°ulwWX)dl

SEZSVITUA 1130 LHOIYW JLVEINSY

ANNILINOD

Dt 0L 09(1°39°N) 41
I-N=N

(N$%)LICAT 1TVD
INNIINGD

I-¥lhX=N

e CL 09T U3 vlwx)dl

S3OVITUA 173D 4571 31VvHaNZO

CONSZeX)I 38 NS 2N G M ZE (NG %) I ) dW3 1TV
(INSTEY)ISEINS TS UINS )28 IN SR 3 ) dW3 1TVD
(NS94%)3=(NCGN)3
(IN)TE£°2+4078Vd) /1YY NS SN 2= (NS 9 H) 3
CINSGOXNIZHINSHXIZI/ZINSS NI 22N 94 %) 7= Vd
ANNIINGD

(L3STAN %) Wd05A 19D
1=1351
G=W

INILNCYELS BwdX FYVLIICA 2HL 1vI

62 0L 09(1°171°(N)yh2X1)dI

(Nfge M) 3=(N9¢N) I

CONSB HISEUNCEITCINGESMIZEINSESN)I)DWT 1TVD
SNNTLINOD

(LS4 ! M) RB0SA 1TVD

2=1381

€=h

INILINOYENS diwdX 3I9VLIIUA 3HL TTvD

g2 0L 09(1°11°(N)YURIXE)S]

(N6 %)I=INsE*N)I
(INICU"Z+INS6HIZI/INSE* NI Za (NS L %) 53=(N*6*X)3

182%L = 3lvQ NIVK 12

Lalo
9810

LvoOuoLv

S810
%310

[N ]

£3l0
2810
1810
oclo
6L10
(V34 8L10
LLT10
QLIO

ey
<

LvouUw

St sL10
2L10
€L10
L1y

(V33 110
oL 1Y
6910

[ W)

8910
L910
9910
s910
7910
T4 £9tlo

2910
1910
0910

VOO

6510
3510
LS10
82 9510

sslo
%510
£slo

(SR ERS)]

2slo
1510
0s10

q3A37T 9 AI NVYLB0d

37




9000 39vd

(3,U00) ZAOWdL 40 ONIISIT

S300N 1V (9U)SOILvVy ¥3MOd 3I1VY3INSO

VOOV

“081%1d/((23842XD) ZNVLIV)=ONONY
(Z*x2XJ+2%x234) 1¥0S=321$
(INWEND2DOVRIV=2XD
(NN} Z)TV5Y=73Y
INSWENDZITU= (N WA ZUBLWX DI ) DI
L1/ 1= (1-%*2)=4
T+X=%
0°0=¥MJd¥VYH
SNNIINUD 036
0o=X
= (YIWX*L19°N) D]
=W (BLIWX*LIA°N)II
9=w
(¢ (BOIOTLYY BIMOde*XEI* s ITOAVI*XOT¢ 4 2UNLINIOVI 4 X022
S oSKHO ¢ *XST ¢ gZL¥aHe* XLT4 /%214 173D 804 W1
S GAON3NO3IYY *SA® 3DNVUIIKRI INIOD ONTATYU SCONG*XUI*//¢THINLIVWYOS LO6
N{LU6*9) 31T UM
IVINIS(BZI*9)3LIYyM
T+N=N
Q°U=¥MdlCL
INNILINOD U96
J=N

SINVG3dW]D EMICd SNIATYA 300N

OO L

FONILNOD <66
(¥)¥dYLwX+d B INXLI=dUIlnXl
(ONV)SNTHLSNOS=(N) ¥dBLnX
(Z38*27XD) ZNVLV=UNY
(ZELAX)OVWIV=2XD
(ZuilwX)IV3v=75Y
({Z0LlwX)SUVI=*2) /{Caxl (BLRX*L4®)3)SHVII=LSNDD
(HLWX*L4N) Z=281nX
AN*T=X 656 GG
V0=d¥lWXl

AINSNC3vud *SA® w3MNd Hlhx ZOVXIAV FHL 31VY¥3INIS

VLUV

INTLvOD 066
(coL40xs142°644%x021
Sl 2B P ¢ XT42Ed X9 €83 XGT4/)LVREOE S06
ONHNLS®SZIS X222 %0 y4(50649) 311 dM
*08I#1d/ (12384 IXIIZNVLIV)=9NENLS
[Zxx2X2+Z%%238) 1UDS=371S
(INWEN) 2)OVWIY=2XD
(N)TEx 2+ U IN* R M) Z)TV3I¥=23Y
L/ & (1=-%%2)=0ud
TENNCT=X 096 L0
9=k
(e IVONV 4 XY T4 e 30NLINOVIN G *XVEC
CeSWHO o *XST ¢ 7083H¢XLT*//% s ADNINDIYS *SA® ]
$21¢ 9NLS J0 3INVOSdm] UINIOd OWIALHG4*XCI*//*TRI)LIVYWYCS S06
N(S0649)3118M
IVIYIS{BZI*9) 31T EM
INNTINGD Lvé

6%/25/60 I18¢%L = 4d1lv0 NIV 12 13A37 ¢

1€20
0€20
6220
#220
Lz2z0
9220
s220
%220
€220
Zc2o0
1220
0220
6120

6120
L1¢0
9120
s1Zo
%120
€120
t4 ¥41]

IIco
Gleo
6020
8020
L020
9020
$0¢20
%920
€020
20¢0

1020

0020
6610
¢610
L610
9610
s610
%610
€610
<610

1610
0610
6810
8810

Al Nv¥1¥0d

38



(3,u0)) ZAOWdL 40 ONIISIT

aN3 1820
d0iS 0820
IVIHIS(B2T49) LT GM 6120
(/77%¢°80 1
NI (¥3MOd LNdLINO YLIMX/¥3IMOd ¥3AIIDIY)=01.ivy H3IMOd«*XO01*////)1VWd0d S66 9L 20
(66649)3L14M LL20
INNTLNGD 186 9Lc0
((X2%2°L3)01*XG*2°LI*XF421*XST1)LVWEOd 06¢€ §L20
CONNS T=X4 (N*Y)HdU¥ADY) *IN)JLUADY*N) (066%9) 31T UM 4L20
1d6 0L 09 (YLWX°D3°N) 3T €L20
1Sv1%1=N 186 00 2L20
{exx¥3AT3IDIUne s * XOT1¢/)LVWHOL LLG 1L20
(LL6%9)31IYM 0L20
(IXL*2I)0T*X9* yAINIHWCD e *XH2%/ sxe DINOWYVH %41

X694 /7% (490) SUIAIIDIY LV OILVY UZMOde*XU2*///7*THI)LVWE0S SL6 6920
(NN*T=X*(%)1150U7)(6L649) 31T UM 8920
SNNTLINCGD §96 1920
(LVY)0T90IVE O T=(N)dL1¥ADY 9920
dYLWXL/{N)dLYADY=L VY 5920
INNTLINDD 0L6 4920
UMAYYH+(N)dLBAD Y= {N) dL YA DY €920
(1VHIUTO0INE UT=(N*N)UIUA DY 2520
(M) UdULIWX/ UMJUVH=LVY 1923
(UNV)SUD*LSNOD=4MJdHVH 0920
(Z3Y*ZXD)ZNVLV=9NY 6520
(IN*M)HALSZ)ISVRTV=ZXD 8620
(ENSY)ENLSZ)IvEd=73Y LG20
COINSYIENLSZISEY e Z)/ { Zex L IN*W*N)3)SEVII=LSNOD 9520
NNET=X 0L6 OU §520
0°0=(N)dL1Y¥AZY %420
596 01l 09 (dIWX*03°N)S1 €620
15v1¢1=N 496 00 2520
L=w 1620
INNTINOD 196 0§20
T=¥x2=(X)7713241 6920
NN'T1=X 196 ©d 6920V

9

SYIAI3IOIM 3IhL LV SCILVY ®23MUd 51V¥3INI9 b)

]
IVIYSS(82149)3LT UM L%20
096 N1 N9 {LSVI*LI°NIAT 9420

(2°84%¢={80)0ILVY HIMOD TVIOL*X01*¢//C
$4°83M0d LNDLIND YIWX 3HL ST YIMOd 3IONI¥I4EW 3HL*XGT14/*e80 NT (1

¥3IMOd IINIYIFIV)/(FA0N SIHL LV ¥IMOJ)=CILVY ¥3MOds*X01*////)1VWECd Sl6 $%20

LYYL0L{GT16%9)3LIEM 4920

(194) 0190 1ve*O1=4VYI01L €920

dYLIWX1/3MdLI0L=1VY 2920

086 CL 39 (NN*L1I°XN)I1 1420
(Z2°L34Xx9142°L4*X01°%2°84*X011

Sl at2°84 I+t XT42°844X9 €85 XFT*/)LVWEOS 016 0%20

LVUYMd* ONONV*IZIS* IXD' 73844 (01649)3L1 M 6€20

UMJYVH+UMJLOL1=dMdL0L 8€20

{1v¥)uT901Ve*01=1VdUMd LEZO

() YdYLIWX /UM dUVH=1VY 9€20

({9NY )S0I% L1 SNOI=UMJYVYH $€20

(Z3Y*ZXDITNVLIV=INVY %€20

(CINSHEN)Z)SUY IR 20/ (2sx{{N‘w*X¥)3)SBVD)=1SNOD €€20

(N*H*NM)3I=(N*W* %) 3 (UIRX°0I°N) T 2€20

4000 39vd 64%/29/60 18evL = 31vQ N1VW 12 73A37 9 Al NYuH140d

39



1000 39vd

Z 11307 ANILNOYANS 40 ONILSIT

ani

N¥N13Y

(ENSZANIZHINSZIT NS S HN)IZISNAIWT 1TVD
(1YY IN YN 2D/ TTuVds (NS 9 NI T=IN* G N} 2
(NI T2+ (N*9*N)Z=1TYYd

INNILINCI

(L3STEN W NIWBO4Z VD

1=13$7

9=k

INILNOBBAS B3WBNISAVYL 3HL 179D

022 U1 O9(T°171°(N)YWIXL) I
(N¢G4N)Z=(N*8*N)Z
((NSOONIZEINCEDITEINS €4 N)IZISNAIWT 1TVD
3NNILNGI

(L3STN W NIWED4Z T1TVD

¢=1331

€=h

SYILIWVUVC ¥wdX WOLLO0H ISH SNVIW 2=1351
SB313nVYUYd BWIX d01 35N SNVIW T=1351
SNTLNOUYNS Y3SWEN4SNVYL SHL 1TvD

0ul CL GO(T*L1°(N)¥WIXE)JI
(NCE“N)Z=(M*6*N)Z
(N)ZNx°Z+IN*H)BALST=(N‘EN)Z
(ONSYER)ZEINC TN AN T4 NI Z)SNAAWT 1VD
3NNILNDD

(1=N*2N)IZ=(N‘T*N)2

0031 01 09(1°03°N) 31

144 (CE) YWsXE8 (2€) YW XL L

$(ZEIZY(TEI TV (ZE*E) T (2E*640E)ILZE0E)YNLST(ZE4640E)Z NOWWOD
VWXL C¥WIXE YIOIUINI

1Yvd 4 346NLSZ47 X3TdWOD

(N*Y) 7773227 3NILNCYUENS

6%/24/60 18¢%L = 31vU NIV 1¢

L200
9200
%200
%200
€200
Qo2 2200
1200
0200
6100

(PRENS ]

8100
L100
$100
001 S100
%100
€100
2100

(SRS RSEERS ]

1100
0100
6000
8000
0001 L000
$000
$000

2000
€000
2000
1000

[SESRSRS]

I3A37 9 Al NVY¥LYO0S

40



1000 39vd

Z T140¥ ANILNO¥ENS 40 ONILSIT

Gn3

NuNL sy

CONCTEXIZEINSTDTCUNS 94 %) 2 ) SNUDWT TV D
(1TuVd+ INSSENIZ) /7 TUVdR N G X)) Z=(N 94N 27
(N)THE 2+ (NG W)Z=EVd

AONTUINGD

(LS N W MIWBGEZ 1TVD

1=13$7

G=W

INTLAOYHNS 3w B04SNVAEL FHL VD

200 01 OS(L° L7 (N)uwaXL) ST
(N'GEN)Z=(N*B*N)2Z
CINSSEOMIZAINY DT AN e %) ZDSNUAWT TTVD
SONIANUD

(L=STNSR M WB0L4Z VS

2=13357

=

SHZL3WVEVd ¥kdX WULLOE 550 SNVSW 2=13S7
S¥ILl3kVuva wkdx dOL 35S0 SANV3W 1=1387
INIINCHMNS wandOa3NVYEL dHL VD

VIT 0L O9(T* LT (N} UWIXE) 31
(N‘L*Y)2=INs 64T

(N)ZHe* 24 (N*X)BNLSZ=INEN) 7
CONSGON)ZEUNSTITCUING 240 )IZISNUDRI T1TVD
INNIUINOD

(TN T4 ) Z=(N24 22

JULZ CL COULSVYIT03°N) LI
Id*tee)uwdXxu (2€) XLl

CLCEI 2N (2EI LU (Z2E4E) (2464 0E) 34 (2€402)8NLS24 (280 0€E)7 NOWRWUDD

Y dX LBWIXH IOIINI
AInvd 34 RNLS 7242 X31dW0D
(LSVIASN X)) 277324 ANILNGHENS

alve NIvw 12

00¢

VOO

cul

COOLY

0due

)

RELEN

Lco0
9200
$¢00
2200
€200
2200
tzuo
0200
6100

5100
L100
S100
stuo
%100
€100
2loo

1100
0100
6000
8000
L000
G900
9000

2000
€000
cu00
1000

O Al Nvyl¥0d

41



1000 39vd

ITOAT 3N1IN0¥4NS 40 HNIISIT

an3

NYNL =Y
((N)2UE*Z+INSHIGNLSZ)/INSNIBNLISZH (NS N) d=(NCLEY) I
INNTANGD

CLIASTAEN W NIWHCIA 1TV D

Z=1337

b=w

SNTLPOYHAS ewdX FSVLI0OA ZhL MIvD

D2 UL GO LTI (NI dRIXE) o

(NCESHM)I=(NCESN)S
CONCESHIBEURAE)TEUNSESNIZEINCLEN)2 )W VD
EONTINGD

(CLZSVENS W IWEOTA VD

1=13$7

8=W

INTLAUYENS TwdX FSVIT0A 3HL v2

I CL O2(T°40° (N)YRIXL) 51

(NCGEN}I=(NC )2

CONITUR T ZHINCGEN)Z) Z/INCSCEN) 22 (NCCENII=(NG 4N

CONSTEX) FCANCTIACUINSY M ZEIN M) ) I3 TVD

(NSGEN) =NV )3

CONSGEMI IO INGZITEING 2N 2 (NZENY TIOR3 VD

(TN TENIg=(NCZ4¥)3
LOMLIRXC(SIWILA(SIZL(S)ITTIL A0S ZULA () Tl (S) It (S) TN/ SNVUL/NOWALD
Id (ZE YR XHE(ZE) UWIXLT

(2 Zu(ZEIT U (CECEI N (ZE4640L) I (CECOEIENLSZA(2E0“0E)Z NOWRGS
INCIN Tvad

UW XL WWIXE HIDIUANI

CSHAIV*ENLS74243 Xx37dKWCD

(NY) LI0AT 3INILNOYENS

6%/29/60 T8cvL = 11va Nlvw 12

02

01
9
J
K

RET,ER

9

L4200
5200
SZ0v
2¢00
€200
220y
1200

0200
6100
6100
L100
S100
s100
%100

c100
<100
1100
0l100
6C00
5000
1000
SQ00

$000
%300
€000
2000
1000

AT NVYLY0S

42



1000 39vd

170A¥ ANILNONENS J0 ONILSIT

UN3

NYNL 3Y

(IN)ZUR 2+ (N R)ENLSZY/ IR S AYENLS 2 N 64 XY I=(NC LN 3
SNONILINCD

(L3STA4N W %I WBULA 1TVD

¢=1331

b=

ANTLNCRHNS tiw3X 39VIT0A 3H1 VD

J< U1 020111 (N} dWsXE) 3]

(NSEENII=INEN)T

CONSESH) IR EDITINSESHNIZE N4 N3V dW3 1TVD
ANNTINUD

(LZSTEN WO NIWUCIA %D

1=13$1

8=nW

INILPUBENS crsX 39VLITGA 3HL T1IVD

OT CL O90T°L71° (N)uwsX1) 5]

(R4GEXN)I=(NCuN)3

(NI TU#Z¢ (N GNP ZIZINCS NI ZaIN H4NN)3=(NE96N) 3
(INYZONI3AINCZITINESE NI ZEING S YD) 3 3wT VD

(N*HEN)I={NsGeN) 3

(INSHEN)SEINCTITNCINCSTE XM ZE (NS T M) 3)4W3 VD

(T=N*Z*N)a=(NCT*N)5

LOBLRX (SIWTL4 (S 2L (6T IL4(S) UL IS)INL(G)EN  (S) TN/ SNYSL/NOWNDD
16 (7L)uRdXE* (2€) UndX11

$(ZE)TUIZEI TR (2EEI TP (2E46408)T4(2E42€)BNLSZ(2EPH4UEIT NOWWOD
ZNGTIN Vs

YridXL¢HWaIXE ¥IOSLINI

CSHATVENLSZ 4245 X3TdWCS

(N*Y) L110AY 3INILNOYENS

6%7/26/60 18e¢%L = 31vQ NIV Ic

L200
9200
900
V74 %2u0
€200
2200
1200

VOV

02u0
6TUU
8100
01 L1000
S1u0
[ q¥1¥]
4100

(S NS NE)

e100
2106
1100
o100
6000
6200
L000
Su0U

9000
2000
€000
2000
1C00
J
5

13A37 9 Al Nv¥L¥0s

43



WdUd4Z 3INILNO¥ENS 40 ONILSIT

ar3 600
NaL LY gluv
FONIANUD WOE Ll
CATV2IR+ (KIIVIERCSHEIVH TNV / LIWIDVE N LS IV I ITuVd) s (NS WEND 7 Gcuo
(TI2V3H¢{ v R %) 7 )% CSHAIV=TTVd Sluu
(U 24SNBNLYIXAdh2=CSHE Y %2Gu
Zaex{(¥ )TN/ (BN =SNUNLY €U0
INNTINDD G52 2luu
uoe 01 L9 T<du
TV 8+ {WIDIVINL TRV /(R ATV 3 a8V )= (N W4 N T uZov
(ZAVVSEHIN W #) 2 )% OSHAIV=T1T4Vd 61U
VOLZ 01 uolY¥Llhx*03°NISL tTuo
(LSNND*0*U) X4V I=WIDV oY L1uwy
(B)A L %VIIAC X6 D= LSNCD 6100
(LSAGD () ZHL) XAdK I=2TIV 0N Sluv
(21 Mav9 IROXB=1SNUD 7130u
(LSNOZ (D )TEL) XVdWI=TATVHY tlou
(¥) T «VIIROXO=LSNGD 4 D]
1799265191 ex*T=VOIWOX 1100
“l-x%x*2=0 [ARIV}
(G U*ShENLV) XAdhI=NSHA IV 6uCY
cxx({BISIN/(Y) IN)=SNUALY EPRN]
1387=2 Livl
LOBARX S (GINTLA(GI 2L LS ITIL(C) UL (ST L (S ML Q) TN/ SANYEL/NOWNLD 5009

Id*(2e)ondX0t (ZE) DWAXLT
SLCEICH (eI TU(ZELE) N (ZEE 0EDS (TECOEDIRNLSZ (L 640E) T NOWWUD SJ0u
ZNSTH VOY 2Ivu
Ylihx*Y Y392UNI €00V
WIDVIRSZIDVIHCTIDVINOSHAIVE T1TUVd 4 54 HNLSZ4Z X3 1dwWuD Znu )
(L3ISTN*mé X )Wn(idZ INILNOUENS tuco

<)
]

1000 39vd 6%/25/60 82yl = 31vd NIV 1S A3A37T 9 AL Nvuleld



1000 39vd

WY0JA ANILNOHINS 40 ONILSIT

ani3

Nyl oY

INNTANOD

VHATVR (N W N) I=(N*WEN)I
(CTIDVIELINSWENIZIZUNC RN 2 INS WO N) = INCWEN) S
{(ZADVIU+AWKNA) /ARKNC) % (N WE W) 3= (NS WEN) 3T
(LSHAIV/RIZVIE+ARKNG) Z{USHATIV/WIZY3Y) *AnwN0=AWKNC
OSHATIVZLTIZVIr+{N W) Z)=AWNNG

INNTINGD

00t CL C9

VHATIV/ AN w8 o=(Ns W N )3

CINCSWEN) 24200V AU ZIN R M2 NN A= (N M) S
(TIDV I8+ AWKINIA) /A Ox (N WEN) S= (NS WM ) S
[ARKNO+WTIZVZ Y)Y/ AniWNCx WDV 3I¥=AWKWIIC

{2IIV38+ (L W) Z) % (HISHATV) =AWKNA

202 U1 ol BLIWX 03Nl

(1SNO2%0° U XTAdRI=WITV2Y

(W)L VD INOX%E=1SNCD

(LSNOD34(2)2¥1) XTdwT=212v 3N

(212 AY93W0XxE=LSNCD

(LSANCSS (Y)Y IHL) XTdWI=T13Vay

(YT ILAVOINND X% 0= LSNOTD

171d%°Z2=v93n(X

*1-N%x*2=C

Vhd IVeVHAIV=0SHd 1V

[{U®OSANYNL}XTdWI=VHA IV

(Q) SN/ () IN=SNYNL

13S7=x

Lo IWX UG INWTLA(SIZIL A (SITIL4 (o Zuls )T L) ZNE{S) TN/ SNVUL/NOWRUD
Id*(2¢)anwa Xy (ZEe)UWdXLT
C(ZEIZUS(ZENTH(TES )T ZE € 0€E) I UZECQEIONLSTE(Ze*64UE)IZ NOWWED
INYIN TVSY

YlWX*Y ¥3934ANI

ARWNA RIDVIBAZIOVIBS TIDVIUCOSHAIVEVHATVE S HNLSZ47 X3 TdW(D
(L3STEN N IWDOEAA SNILNUYENS

69/25/60 162%L = 31vQ NIV e

00t

Que

3
3

I2A3T

’
-

Al NVZ1¥0a

45



1000 39vd

6%/25/6V

SNAdWI 3ANILNOYENS 40 ONIISIT

ah3

NYNL 3Y

WON3IA/WNN=SZ

(G421 x1dwI=KONS0

(9)Iv3Y+(VIOVWIV=0

(E)OVWIV=(V)IV3¥=]
(INIS*(IIASOI*TZ+ (3 INISs(IIHNIS*22=9
(SISO LIINNTISHTZ+(3)S0I% (TIHSOO%22=V
(A*2)XAdINI=WNN

(g)IvIYe(VIOVWIV=Q

(6)OVWIv=(Vv)Iv3IYy=>

(4INIS*( IIHSUI*22#22+(JINISx (I HNISHT1I%22=4
(3)1SCI«(IIHNTIS*22+22+(3)SOUTH(3)HSUD#12%22=V
Tevidg=s

TxYHdv=3

V13U VHATIV 422/ 3WIdNT/NOWROD

WONIO NNV 32412422 X3TdWC3

(52%71477) SNUGWI INLTLIACYENS

1829l = 31vQ NIVW 1e

1

E]

A

3

(GRS

1

P

8100
1100
5100
sto0
%160
€100
2100
1100
0100
6000
+000
Louo
9000
$000
2000
£000
2000
Tvoo

Al Nv¥1¥0d

46



dW3 ANILNOYENS 40 ONILSIT

an3 12 KV)
NYNL =Y 21u0
S2/5%53=43 1100
(U*4)XdWI=3 0100
(CIIVIH+(DIIVIWIV=9 6000
(G)OVWIV=(2)V3In=d 8000
[HINIS* (VIHSUZ#UZ-(EINISx (VIHNIS%SZ=U LuCO
(UISOD*(VIBNIS*07—(H}SO2% (VIHSDI%3Z=2 9000
T*xV13t=4 SuUo
AxVYHd V=V %000
V136 VHSIV4UZ/3WIdWI/NDORWOD €000
34U*D*Y3%074S24S3 X31dnW0D 2u00
(22%7%S724S3) w3 INILNOYHNS 1v00

]

]

1000 39vd 6%/2%9/60 18¢9L = 31vC NIVR 12 7ZA37 S Al NVYLYOS

47



are made to the routines in the second tier: LCELLZ, RCELLZ, LVOLT,
and RVOLT. Each of these subroutines controls the calculation
sequence within a given cell, making calls to the four service
routines, IMPDNS, EMF, ZFORM, and VFORM when appropriate. IMPDNS
and EMF exercise the transmission line translational relationships
for impedance and voltage, respectively. VFORM and ZFORM transform
voltages and impedances through each of the two transformers that
may be contained in a stub.

The complex voltages and impedances calculated by the above
procedure for each relevant harmonic of the input waveform are
stored in memory. When all values have been found, the voltage
phasors are written onto a 9-track magnetic tape for later use by
the plotting routine, PLMOD2. The power transfer ratios from the
transmitter to the receivers are then calculated and printed along
with the complex impedances previously determined.

Input Data Format - The input data required by the program,
including format and card column designations, is shown in Figure
I.3. The column marked "Data Card Number" refers to the order in
which the data cards appear in the source deck.

Qutput Formats - In addition to the complex voltages written on
magnetic tape, TPMOD2 produces hard copy listings of the following:

a) The input data, including the calculated value of the
cable characteristic impedance and the number of odd
harmonics considered. (See Figurc I.4.)

b) The driving point impedance seen by the transmitter as a
function of frequency (Figure I.5).

c) The driving point impedance of a detached stub as seen by
the main bus (Figure I1.6).

d) The driving point impedance looking into each junction of
a stub and the main bus. For cells to the left of the
transmitter, this corresponds tQ;Z(5) of Figure 5, while
for cells on the right this is Z(4) of Figure 4. In the
transmitter cell this impedance corresponds to Z(4) in
parallel with Z(5). Also included is the power loss from
the transmitter to the junction, both as a function of
frequency and total (Figure I.T).

e) The power loss from the transmitter to each receivineg RTU,
combined and as a function of frequency. This data, shown
in Figure I.8, is an essential input to the determination
of required transmitter power levels.
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1A- 45,084

DATA
VARIABLE CARD
\SARD. iy DESCRIPTION GARD s | FoRMaT COMMENTS
I NICT) ggfﬁ;e“{.‘&?";' 1-5 Fs.2 N, OF FIG. 2
ORI R 6-10 Fs.2 Nz OF FIG. 2
TRIGTY | s i n-1s Fs.2 Re OF FIG. 2
niglin | BLEREOUERnY 16-20 Fs.2 Rs OF FIG. 2
TI PRIMARY
T} LEAKAGE 21~30 E10.4 Le OF FIG. 2
INDUCTANCE
TI SECONDARY
TL2(1) | LEAKAGE 31-40 E10.4 Ls OF FIG 2
INDUCTANCE
Wiy | O MIGHEHSUNG 41-50 £10.4 Ly OF FIG. 2
T2 PRIMARY \
2 WHE | Toane | -5 Fs.2
T2 SECONDARY _
N2(2) | 18 5ES 6-10 Fs.2
L THETIR 0 A H-1s Fs.2
T2 SECONDARY SAME AS
TR2(2) | RESISTANCE o220 Sais F ABovE
T2 PRIMARY
TLI(2) | | FAKAGE INDUCTANCE 21-30 ELO-S
T2 SECONDARY
TL2(2) | | EAKAGE INDUCTANCE =40 §lie-s
wiied), | e M aeHE TN 41-50 £10.4
P
S
CABLE SERIES
3 R RESISTANCE / FOOT 1-12 Ei2.6 UNIT OF LENGTH
CABLE SERIES _ IS ARBITRARY AS LONG
IND INDUCTANCE/FOOT 13-24 Eize AS ALL ARE EOQUAL ;
CABLE SHUNT CHARACTERISTIC
G 25-36 E12.6
CONDUCTANCE/ FOOT L D idide B
CABLE SHUNT 1S CALCULATED
c CAPACITANCE / FOOT 37-48 E12.6 INTERNALLY BY THE
INPUT PULSE SIMULATION
T WIDTH { SECONDS) 4332160 g1z.6 |
MAXIMUM NUMBER “ "
MAXHAR | OF HARMONICS 61-63 13 S ERRCNT
ALLOWABLE
Figure I.3 TPMOD2 INPUT DATA CARD FORMAT
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1A-45,085

DATA
VARIABLE CARD
CaRD ey DESCRIPTION cot s | FoRmar COMMENTS
INPUT PULSE RISE ” ; FOR FOURIER SERIES
* I TIME pete B PRESENTLY USED
INPUT PULSE FALL TRISE £ TFALL |
TFALL | mimE 13-24 E126 MEASURED FROM O - 100%
PERCENT ENERGY HARMONICS OF INPUT WAVEFORM
PERCNT | CUTOFF FOR INPUT 25-36 E126 ARE GENERATED UNTIL ENERGY
RARMONIC GENERATOR FALLS BELOW THIS PERCENT OF
NPUT WAVEFOR THE FUNDAMENTAL'S ENERGY
[} A\ (V]
ZGEN | GENERATORS el Lt Re (2GEN]
INTERNAL
\MPEDANCE 49-60 EI12.6 Im [2GEN]
NUMBER OF LAST N EQUIVALENT TO THE
e LAST | CELL ON RIGHT 1=2 12 TOTAL NUMBER OF STUBS
xMTR | NUMBER OF CELL _— 12 CELLS NUMBERED
CONTAINING TRANSMITTER FROM LEFT TO RIGHT
RES || e R IS 5-14 £10.4 | EOUIVALENT TO RTERM
LEFT BUS TERMINATION'S R
Ll T SBLETANCE 15-24 E10.4 GENERALLY = O
RIGHT BUS TERMINATION'S
RLAST | REgISTANCE 3 ade e ‘| SAME AS ABOVE
RIGHT BUS TERMINATION'S 5
LLAST | |\NDUCTANCE iy Eloia |
TOP ISOLATION TOTAL TOP ISOLATION
6-3m RI(NY | RESISTANCES 1-10 F10.0 RESISTANCE = 2% R1 (N)
BOTTOM ISOLATION
R2(N) RESISTANCES 11-20 FIOO
STUB TERMINATION'S
RSTUB (N] | RESISTIVE COMPONENT 21-30 F10.0 e nLCO. By THE
STUB TERMINATION'S INPUT IMPEDANCE
LSTUBIN | |NDUCTIVE COMPONENT | ' ~40 E10.4
CELL CABLE h
(B I -t 41-45 15
L(2,N) “ 46 -50 15 \ SEE FIG 2
L(3,N) . 51 - 55 15
o
3
I NDICAT IF TOP
TXFMR (N) TR%)ESFOERSMER ISOPRESENT 56 - 60 15 : 1, TRANSFORMER PRESENT
INDICATES IF BOTTOM i
BRFMRIND | e e MER 1S PreseT | 61 - 65 15 : @, TRANSFORMER ABSENT
ot

® ONE CARD CONTAINING THESE PARAMETERS IS REQUIRED FOR EACH OF
THE N CELLS IN THE SYSTEM BEING SIMULATED

Figure 1.3

TPMOD2
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The information supplied by these tables, when combined with
the waveform plots produced by PLMOD2, provided an essentially
complete picture of the performance that can be expected from a
oropcsed multiplexed bus.

Part 3: Description of PLMODZ2 - The purpose of PLMOD2 is to
reconstruct and plot the voltarge waveforms at the points considered
by TPMOD2. The operation of the program is shown in the flow chart
of Fiesure 1.9 and the listing which immediately follows.

Input Data - Input to the plotting routine comes from two
sources. The 9-track magnetic tape produced by TPMOD2 provides the
narmonic voltage amplitudes and phases required to reconstruct the
waveforms. Selection of the waveforms to be plotted, the number of
time increments per pulse period, and designation of the reference
voltare in the transmitter cell are all entered as data cards in the
source deck. A listing of the elements contained on these cards is
shoun in Fieure I1.1U.

Qutput Format - PLMOD2 produces two types of output data. A 7-
track magnetic tape containine machine instructions for the off-line
plotter is generated during execution of the program. The plots
ultimately produced from this tape have the format of those in
Figure 8, of Scction V. As an adjunct to these waveform plots
PIMOD2 lists the voltase arrays that correspond to the N discrete
poirts plotted, where W is the number of time increments. An
example of this listing is shown in Figure I.11.

Part 4: Operational Stens - The chart shown in Figure I.12
briefly describes the sequence of steps required to exercise the
program as written on a computer facility equivalent to the
author’s.
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A- 45,074

TAPE
GENERATED

BY
TPMOD2

PLOTTING
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!
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CALCOMP
PLOTTER
(OFFLINE)

=
1
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|
|

WAVEFORM
PLOTS

Figure 1.9

INPUT VOLTAGES

TO BE PLOTTED,
NUMBER OF TIME
INCREMENTS, ANO

REFERENCE VOLTA
NUMBER

RECOMPOSE
VOLTAGES,
GENERATE TIME
8 REFERENCE
VOLTAGE ARRAYS

GENERATE

PLOTTING

TAPE FOR
CALCOMP PLOTTER

PRINT ARRAYS
OF VOLTAGES

THAT WERE
PLOTTED

CALL CALCOMP

SUBROUTINES

FLOW CHART OF PLMOD2
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FORTRAN 1V G LEVEL 21 MAIN DATE = 74277 69/N6/757

ANy

0502
0ones

[alshad
oS
nong
aone?
nnos
nN0o9
nr1n
coll
0012
0or13
0N1s
0015
onle
ocly
0713
0119
nnzo
no21

0922
0023
0024
0125
0026

0027
onz2a
on2e

oC3o
nn3y
0032
0033

0014
0035
0024
0037
0038
0039

Q040

(a2 XN aNa R NeNa el

DOy

non

TH1S PROGRAM RECIMP(SES THE QUTPUT OF TPMM2
INTO THE TIME DOMAIN. THE VOLTAGE WAVEFIIMS
ARS THEN PRESENTED IN 20TH TAHULAR AND CALTOMP
PLOT FORMATS,

CIMPLEX =(30,9,32)
INTEGER CELL »ZEULLKT VLT SERLALy DO XMTRy VOLTREFVLT
DTMENSTION VI1DC,F932),07LLI30 b, VET(32,2),53RTALIL2),0DD0U(),T(102),
IXMTRVII02),PLOTVII0Z2 ), TRUF (230
NATA V/T3600%0,0/,VLT/25%¢"/
CALL NATE (909D)
CILLKTr=92
REAN(ILISORTAL pLACT o XMTR y TM, NN
READCLIIVCUAE (N My N g =la NN 1) oSl 70 1), V=21, LA5T, 1)
RZAD(IS,10C INTINCT

LG6 SORVATIEIA)
READ(S, 105 )IRTFVLT

1NS FORMAT(12)
N=1

S READ(Sy 110 EZTLLIN) o (VLTINS M) yM=1,7,1})

110 FIRMAT(LIZ,911)
TFICCLLIND LCT.50)50 TN )¢
CELLKTaCELLKT]
N=N+1
G 1D §

10 CONTINYE

XIMOGA=2,%7,14157265/TH

RZCOMPOSE VOLTAGE PHASORS INTO Th= TIM DiMALY

D7 50 N=1,lILLKT.1
DY 40 M=1,9,1
IC(VLTINGA) 2EQ. 0G0 TO 4C
Dy 3N w=1,MN,1]
PAAGS =ATAND ((alMAS(E(Ky VLT v g ) COLLIMD D) B 328l 0D (VLT U oMY 2ELLL
INVIH)
NI 25 KT=1,NTINCT,]
AMGLE=(24%K=1, ) #XOMERASKTRTM/NTINCT
VIKT, VLTINs Mo CELLIND I sVIKT o VLTON Mo ScLL N JeZABSTE (Ko VLTINy M) HCE
ILL (M) I*COS (ANGLE +PHASE}
25 CONTINUE
30 CONTINUE
40 CONTINUE
50 CONTINUE

GENERATE THE REFCRENCS VOLT ARRAY

NeCELLKT+1

M=REFVLT

VLTINJM)=REFVLT

CELL(N)=XMTR

D0 57 K=14NN,1

PHASE =ATANZ ( {AIMAGIE (X4 VLTIN,M} ,CELLINY I}y REALIE(N VLT IN M, ZELLL
IND D)

00 55 KT=1,NTINCT,1

LISTING OF PLMOD2
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FORTRAN IV

0041
0042

0043
0044

0345
0046
0047
0048

0049
anse
0051
0052
0053
0054
0255
0084

e0s?
0058
0059
0060
0061

no62
0063
0ne4
0045
nNnes
0067
0nsB

N049
0070
0171
0072
0073
0074
0075
0076
o017
. 002e
0079
0080

~

b oo

e

(s X2X2) QAODOOO

a0

5 LEVEL

55
ST

60

65

TC

A MAIN DATE = 74277 09/05757

ANGLE=({2,#N -1, ) ®X IMEGA*KT#TM/NTINCT
VIKToVLTINgM) o CELLIND )=VIKT o VLT (N M) g CELLIN) ) #CA3STCIK VLT (NgM) 4CE

LLLIN) ) )*COSEANGLE +PHASE)

CUNTINYZ
CONTINY™=

LOAD THE TIME ARRAY

DELT=TM/NTINCT
T{1)=DELT

0N 60 I=2,NTINCT
TOI}=T{I-1)D0LT

LIAD XMTR VOLTAGE ARAY

00 59 I=1,NTINCT,1
XMTRV(I)=VIIREFVLT,XMTR)
CONTINUC

CALL PLOTS(I3UF,2000)

CALL SCALE(X™MTRVs . oo NTINIT,1)
FIR=XMTRVINTINCT+1)
DIL=XYTRV{INTINCT+2)

IFRAME =0

GINZRATE THL PLUTS

CALL PLOT(N. ¢-12.4-3)
F=0.7

CALL FACTOR(F)

CALL SCALT(T 10 ,NTINIT,1)
CELLS=LAST

LNAD THTD 'Y’ aRRAY

DY BC N=]1,TCLLKT,y 1

NO 75 M=1,%,1
IF(VLT{N,M).2.0)5G0 TO 79

DO 70 I=1,NTINCT,1
PLOTVII)=V{T,VLTIN,¥)+SELLIND)
CONTINUE

CALL SCALE(PLITV,3.,NTINCT,1)

ADJUST *vy* SCALING IF NCTESSARY

TEST=PLOTVINTINCT+2)
IS(TEST.LE.DSL) GO T 32
XMTRVINTINCT+1)=PLOTVINTINCT+1)
XMTRVINTINCT +2)=PLNTVINTINCT+2)
FIRST=PLOTV(NTINCT+1)
DELTA=PLOTV(NTINCT+2)

GO TO 84

CONTINUE

FIRST=FIR

OELTA=0EL =
XMTRV(NTINCT+1)=FIR
XMTRVINTINCT +2)=DEL

LISTING OF PLMOD2 (Con't)
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FORTRAN 1V G LEVEL 21 MAIN OATE = 74277 G9/05/57

0081
00%2
0083
0034
00R5
noRs
NOR?
[¢de LY.
nos9
0030
0091
0092
0093
0094
A09S
0098
0097
0098
0039
clo0c
0101
0102
0103
0104
orns
(83 o1}
oiL1?
olo8
0169
o110
0111
2112
13
0114
o115
Ci1%
0117
o11#
0119
0120
0121
0122
0123
0124
0125
0126
o127

N2
G129
0130
6131

c132
0133
013s

PLOTVINTINCT ¢1)=F1R
PLOTVINTINCT#2)=DEL
84 CONTINUE
IFRAMF=1FRAME+]
1S(1FRAME.GT.1IGO T 71
PX=20,0
PY=1./F%5.5
CALL PLOT(PX,PY,y=3)
6N 1o 72
T1 CONTINUFE
PY=],/F%12.0
PY=0,0
CALL PLIT(PX,PY,=3)
72 CONTINUE
CALL AX1IS(0.N00.9THSEZUNDS 9 =T 910 o050 ol yTINTINI T4l )y TUITINS
CALL AX1IS(Paly=6.00 1SHANIRMALLILED VILTSyloed.0327, ¢ 1aC T,
CALL SYM3DOLI(CeN44a590aley 12HALDT AT = 40000,12)
CALL SYMBOLI999,0,99C,0,4( .14+2000,0.N, <)
CALL SYMUDLE%e5000a 9% alae?a4TUTAL N1 T OF TS 3 40l )
CALL NUMBER(999.C 49 77e240a)balfilLS+Caliy-1)
CALL SYMIDL(N NP 3.7 00?2 o 12ASIRIAL v 200l 1))
CALL SYMBOL(999.%4979.%0( .21,875R1AL,N,."7,°)
CALL SYMBOLE3a15y=4454Ca2 19 1HAMUK=, SIMILATI vy "ad g 1)
XTCELLEX4TR
ATVOLT=REEVLT
CALL SYVMAOL(C.Cy=54T40alaglTLIN™ = XVTI(IELL o0 aly1?)
CALL NUMAZRI93447,452940,Pa 14, XTC [ LLy ey =1
CALL SYM3JL(999.09299.0,CalaeTdy VILT 40479 7)
CALL NUM3FER[399,04399,090.14,XTYILT, 70y =1)
CALL SYMAOL(937.0,999.040elay1H)040,1)
RICeLL=CELL(W)
RIVULT=YLT (AN}
CALL SYMBOL(5e39=5.09001hy1THUAT = SOYLCILL 4"e7917)
CALL NUMBER(999.9,399.04Ce1492CCT7LLpC N =1)
CALL SYMBOL(399.0,399.0,Calbs THy VILT 17,0, 7}
CALL NUMBLR1999eM 1992040 el4eROVOLT 40Ty =11}
CALL SYMAJL(97940,099,0,0,16414)4Cul01)
CALL PLOT(C. o~Gas—3) g
CALL LINE(T XMTRV¢NTINCT41,0,0)
CALL DASHL(T PLOTVNTINCT,1,0,9)
CALL PLOT(N.14449=3)
IFITZSTLLELDFEL) GO TO 75
CALL SYMBUL(3:46497.0740.21, LetilLTERED Y=AX1%, 2,0y 14}
TALL SYMBOL(3¢692.20Ca21491205CALE FATTO L, M0y 1)
75 CONTINUS
80 CONTINUC
CALL PLOT{14.0,0.0,4799}

PRINT THE VOLTACEZ ARRAYS

Yy erey

WLITE (5,100C)SERTAL,N0LN
1700 FUKMAT(®*1  SSRTAL NJo *ecAiay® OATD [ 'y2As)

WRITE (5 10N2)TMNTINC T/ NN

1702 FORMAT('O PCR1D0="4E10.4," 4 0F TLAT INCRTMINTS=%,17,
1° # JF 3DD HARMONLIZS CONS1OtR:0=?,13)
WR1TE(6,1C03JREFVLT

100#  FORMAT(*D REFERENCT VULTAGS IN XMTR CELL T4 # ',E0)
WR1TE(6,10091

LISTING OF PLMODZ (Con't)
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FORTRAN IV G LEVEL

0115

0136
0127
0118
01339
0140
Olal
0142
0143
0144
0145
0leb
0147

0143
0169
0150
0151
0152
0152

1009

101¢C

1012

OO

1020

120
200G

21 MATN OATF = 74277 09/06/57

FURMAT(/+25X," ARRAY ELEMCNTS ARE NDRDERED FROM LEFT TO RIGHT?®,

1/525X%,° AND TaP TO BOTTIM QF THLC TA3LES®)
00 200 N=]1,CELLKT,1

WRITE(4+1010)CELLIN)

FORMAT('0 CELL *,1I2)

DO 190 M=1,9,1

IRIVLTINGM).EQ.0)GO TN 190

VOLT=VLT(N,M)

WRITE(os1012)VOLT

FORMAT('C VULTAGE',1l)

WRITE (S, 1CT0NIVIT VLTI M) 2CELLIND )y I=1,NTINCT, 1)
FORMAT(® *,10F11.7)

CONTINUY

CONTINUE

PRINT THET REIFIRENCE VOLTAGE ARRAY

WRITE(5,)0100XMT

M=RTEVLT

WRITZ(5,1012)#4

WRITT U6 10200 (VLT oM, XMTR) y T=1,RTINCT . 1)
stoP

END

LISTING OF PLMOD2 (Con’t)
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DATA

VARIABLE CARD
Nﬁaggn Py DESCRIPTION coiais | rormat COMMENTS
NUMBER OF TIME DETERMINES GRANULARITY
1 NTINCT INCREMENTS PER -3 13
i kil OF PLOTS PROOUCEOQ
NUMBER OF VOLTAGE THE REFERENCE VOLTAGE
2 REFVLT | INTRANSMITTER CELL 1-2 12
WHICH IS CONSIDERED IS PLOTTED ON EVERY
THE REFERENCE . PLOT TO GIVE A POINT
(E.f 8 e s OF COMPARISON FOR
BOTH AMPLITUDE
AND PHASE
Y
NUMBER OF CELL
CELL(N) | CONTAINING THE 1-2 12 Tt el 4
VOLTAGES TO BE
PLUTTED
THE NUMBER OF THE
VLT{NM) [ VOLTAGE IN CELL (N) 3 1! THE NUMBERS OF THE
TO BE PLOTTED VOLTAGES IN THIS CELL
THAT ARE TO BE
4 it PLOTTED ARE ENTERED
A SEQUENTIALLY WITHOUT
IMBEDDED BLANKS
OR DELIMITERS
b i e.g. 12372 = PLOT
VOLTAGES V{(3),v(7),8 V(2)
4 OF CELL #12
qeK ~ &
EACH CARD HAS THE SAME
FORMAT AS # 3 ABOVE. A FIXED
WK =sel NUMBER OF DATA CARDS IS NOT REOUIRED,
BUT ONE CARD IS NEEDED FOR EACH
CELL CONTAINING A VOLTAGE TO BE
PLOTTED
K+ 1 = ATNUMBER. >5011S -2 12 CUSTOMARILY = 99

|1A-45,079

PLACED HERE AS A

TRAILER TO SIGNIFY
THE END OF THE

DESIRED PLOT
LISTING

Figure T.10
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Figure I.12 OPERATIONAL FLOW CHART
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