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FOREWORD

This report describes a simulation program and related verification
hardware developed for the Air Force Avionics Laboratory by the IBM
Corporation, Huntsville, Alabama. This six month effort was performed
under Contract F33615-75-C-1133 and Work Unit 20520303. MIL-STD-1553A
data networks are simulated using iterative time domain calculations

and results verified with breadboard hardware. Correlation of
simulation results with hardware is excellent and modelling improvements

are presented for skin effects, transformer coupling and timing.

The results summarized in this report were obtained by Bud Balliet,
Program Director, James W, Dalton, William W. Scott and James R. Farl.

Michael J. 0'Connor was the contract monitor for the Air Force Avionics

Laboratory.
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SUMMARY

The widespread application of baseband data buses for avionics system inter-
face has obriated the importance of computer simulation for design and
evaluation of complex cable networks. This report describes a geneval purpose
digital computer program that provides this capability. Programming routines
are coded in FORTRAN IV for easy modification and for operation on either an
IBM System 370 or a Digital Equipment Corporation DEC 10 computer. The
simulator is specifically designed to emulate one megabit MIL STD 1553 type
waveforms and bus configurations.

A typical MIL STD 1553 data bus consists of a main bus accessed through shorter
cables, herein called stubs. These stubs present a capacitive load to the
bus coupler which is located at the main bus, stub junction. Coupler trans-
formers with their stub loads are simulated as second order systems with
parameters derived from measurement data. Tustins transformation is used

to produce different equations that permit time domain computation. Itera-
tive time domain calculations are employed. Reflection coefficients are used
to calculate signal imperfections caused by junction and termination dis-
continuities. Transmission line filter effects are accommodated by an
independent algorithm that takes skin effects into account. Procedures are
included for operating the program and for characterizing the line and the
transformer couplers from laboratory data. The program will permit stubs

of lengths up to nominally 20 feet at numerous points along the main bus
trunk. Multiple stubs can also be simulated so that the amount of stub
loading is not bounded.

To verify validity of simulation, a breadboard of a typical bus network was
constructed. This breadboard permitted a worst case configuration of a 300
foot main bus trunk with 8 stubs connected via either of two types of trans-
former couplers. Results produced by the simulation agreed favorably with
data taken on the breadboard. Additional transformer/stub characterization
study is recommended to better correlate transformer parameters to the
software model.

vii



1. INTRODUCTION

The class of data bus defined by MIL-STD-1553 (reference 1) employs time
division multiplexing at baseband with a unique synchronization waveform
followed by Biphase L (Manchester II) coded binary data. The main bus
trunk can be accessed by as many as 33 cable stubs. A data bus system
thus represents a complex network for simulation.

Network simulation can generally be approached in either the time domain
or frequency domain with each approach providing advantages and disadvan-
tages. In general, time domain simulation will simplify handling complex
waveforms and was the approach IBM selected during a Company-funded devel-
opment in 1974. This development resulted in a FORTRAN coded simulation
tool that emulated MIL-STD-1553 networks, but did not provide transformer
coupling.

Recognizing the importance of a network simulation tool for continued MIL-
STD-1553 related network study, this contract was awarded to IBM by the Air
Force Avionics Laboratory for supplying a modified version of IBM's original
simulator. Modifications were to incorporate transformer coupling and add
provisions for transmission line skin effects and other features to general-
ly improve utilization flexibility.

Figure 1 shows the elements of the data bus network simulator. The cable
of specific interest is twisted shielded wire pair and is shown divided into
line segments. The main trunk contains up to 30 segments each of identical
length. For a maximum MIL-STD-1553 configuration, each line segment would
be 10 feet long to simulate a 300 foot main trunk. At each line segment
junction, stubs can optionally be connected through couplers. A coupler
consists of a pair of isolation resistors and a transformer connected as
shown in Figure 2 . Again referring to Figure 1 , each stub in turn also
contains cables that terminate in a load R, . simulates the impedance of
a receiver/transmitter. The ends of the main trunk are also terminated in
an impedance R, normally but not necessariiy equal to the characteristic

impedance of the line.

Normally, one of the receiver/transmitters on a stub will be activated in
the transmit mode. Thus, a generator, G, can be simulated to drive the bus
from one of the bus stubs. It can also be connected to one of the ends of
the main trunk. The generator produces a variable three-level format in-
cluding a MIL-STD-1553 waveform to drive the bus from an off state (level
1) to a plus state (level 2) and/or a minus state (level 3). The source
impedance of the generator is set at a value that can differ from RL or
Zo.

As noted in Figure 1 , "N" <tubs can be connected to a given junction of
the main bus. '"N" can vary and can be any positive real integer. Two
restrictions are placed on the use of multiple stubs at any junction.
These are that: 1) "N" must equal one if the generator is active

through that specific junction, and 2) all "N" stubs must be of the
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Figure 2. Transformer Coupler Schematic

same length for all active junctions. Thus, the number of stub loads that can
be simulated i{s not bounded.

The report is organized to first cover basic theory of network simulation.
Thie is provided in Section II and includes the treatment of the transmission
line, couplers and junction calculations. Section III describes the basic
program organization and relates the theory to program routines. With an
understanding of the program, Section IV provides operation instructions and
describes operational capability and limitations. Section V Jdescribes the
breadboard used in the simulator development and documents test data. The
final section briefly provides conclusions of the development program.



II. THECRY

This section describes the basic data bus elements to be simulated and pro-
vides the theoretical basis for the simulation,

A, TRANSMISSION LINE SIMULATION

Each of the transmission line segments identified in Figure 1 will modify
the signals passing up and down the data bus. The task of the transmission
line simulation is to accurately duplicate the transfer characteristics of
a selected line via a set of parameters that accurately describe it. It is
furthermore highly desirable to use parameters that are easily obtained by
laboratory measurement.

) i Applicable Line Parameters

Transmission line theory is well documented (see References 2, 3, and

4 for specific examples)*, Most treatments start by modeling the dis-
tributed properties of a length, £ , by equivalent Rs, L and C as shown
in Figure 3 . The resistance, inductance and capacitance is defined
per unit length. From this model idealized transfer equations and key
line characteristics are readily derived. For a line free of reflection
(infinite length or uniquely terminated), it is shown as a function of
frequency, that,

out

Vin

- e'ﬂ' (1)

where Y is the propagation function.

Y(w) =V (R + jwL) (G + juC) (2)

In terms of real and imaginary components, 5

Y(w) = a(w) + j8(w (3)

a 1is the attenuation term and is a function of frequency. B is the delay or
phase term and also frequency dependent. In well behaved lines (non
dispersive) g8 is linear with frequency and merely represents a constant
time delay, TZ, in the time domain.

*Unless specifically noted otherwise, transmission line equations used in
this report were all fully developed in these references.
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The characteristic impedance of a line, the instantaneous impedance
presented by the line, is defined as

° G + juC (4)

It can be shown that in most practical lines, the values of R, L, G

and C are such chat frequencies above a few tens or hundreds of kilo-
hertz, the characteristic impedance obtains an approximately constant
value. The value of Zo is easily measured or determined from published

data.

1f the parameters of Figure 3 are treated as luiped values, a time
variant transfer function is easily derived. However, over practical
ranges of operating frequency, the series resistance R_ and inductance

L vary vith frequencies by virtue of the skin effect phenomena.

2. Skin Effect Response

Wigington and Nah-anl treated the R. and L terms as frequency variables
and showed that for a line whose attenuation characteristics are propor-

tional to\/ Nf , the output of the cable responding to a unit step in-
put is accurately described by:

f(e+TL) = cerf/% (5a)

vhere: cerf is the complementary error function
T = unit delay of line

(ta)? (5b)

fo = reference frequency

a = attenuation at fo (Nepers)

The term "B" is easily measured in the laboratory or determined from
published data. Although work performed by Wigington and Nahman was
specifically fcr coaxial cables, the twisted shielded pair under con-
sideration will behave much the same as coax over a considerable fre-
quency range.

R. L. Wigington and N. S. Nahman, "Transient Analysis of Coaxial Cables
Conaidering Skin Effect,” Proceedings of the IRE, Feb 1957, pp 16f-174,




Figure 4 shows characteristics of the twisted shielded pair (TSP) used in

the verification breadboard of a larger cable RG 108A/U. The region at

higher frequency where the attenuation, &t is linear with frequency on the log/log
plot corresponds to the condition for compliance with equation(5). Thus, the
sample cables will reasonably respond in accordance with equation (5) at high
frequency.

Figure 5 shows the time response of the #24 Teflon TSP sample depicted in
Figure 4. The theoretical curve is the response anticipated by equation (5)
using a value for B derived from Figure 4. The fact that the actual response
does not achieve an amplitude equal to the theoretical is attributed to the
higher attentuation at lower frequency, i.e., deviation from the linear

7t region. The actual response tracts the theoretical closely along the
edge of the input rise (region of high frequency).

3. Transmission Line Algorithm

In the simulation program, signals passing up and down the data bus are
treated as incremental step functions. For a transmission line segment,
an input step of amplitude "E" will produce an output v(t+T ). See
Figure 6. During the region vwhere equation (5) applies,

v(t+TL) = E cerf/-:-' (6)

This expression can be evaluated over the time increments between t_., t_, t2.
t., etc. where each increment is of identical duration and cortespogds %o
tge computation time of the program. Equation (6) for a single step becomes:

it
v(t+TL) = E (cerf/%\(l + cert/%

t
2, cerfﬁt
0 t

t
3 +ocoooo) (7)
1 t

2

For a given length of line and constant time increments, each evaluation will
be constant and equation (7) is represented by:

v(tﬂz) - z(cl + Gz + G3 +oooo-c) (8)

» G, etc are constants

Gl' G 3

2
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Line Response to Step Input

Figure 6.
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An arbitrary signal into a line segment can be treated as a sequence of
small step functions. This is depicted in Figure 7. The signal f(t)
is shown being composed of superimposed step inputs AE, occurring at t;,
AE2 at tz,A53 at t,, etc. From Figure 7, it can be seen that:

v =G 9)

+ [ ] » L] L ] [ ] [ ]
out = G18Ey + Gy BE(, 41y + G5 A4 9

where: i = present value
i-1 = first past value
i-2 = second past value, etc.

AE = amplitude of incremental input changes

The above expression indicates that the present output is a function of the
previous step inputs. If the number of past input evaluations were made
very large, the evaluation would closely approach equation (6). Since this
is not practical or desirable, an estimating function is introduced to allow
the output to approach an attenuated value of the input after a fixed number
of past value calculations.

The estimating function calculation is referenced to Figure 8. It consists
of the implementation of the differential equation for allowing the output to
approach the input exponentially.

. g% - k[V-v(t)] (10)

In the diagram of Figure 9, the output after t_ is allowed to anproach a

final value at V3, passing through V2 at the t_. “The solution to the above
is simply: y

V' 2 (V3-V1) (1-e-t/T) (11)

Evaluating the above at V' = (V3-V1)

(12)

11



fit)

lq_n-_—
q_—————-

.q_— —

Yo T T2 Ty s« 5 Ts
Ak, v
2=A52 G«l +AE: Gz +A E3 Ga +...
A€
4 '
4= AE G, +AE Gy+...
AT TIMET,
v
outT = G] A E' + 62 AE (i-1) + 63 A E(i-2) + e + VM . (A)
————————— P —————
PRESENT 18T 2ND ESTIMATING PREVIOUS
VALUE PAST PAST FUNCTION OUTPUT
VALUE VALUE TOTAL

Figure 7. Skin Effect Line Simulation Algorithm (Ignoring Time Delay)

12



[
[y [ [ Ly
| j/ - T
I I
I I
E 1
| | |
I | |
I I |
| | I
% I | I
——— - ————— - lm— = o ——— = —
1

Figure 8. References for Estimating Function

+-avy NS &¥r
IN . % Z
TRANS 1 _
zo\ sTUB
= Qvg

Figure 9. Reflection Signals at Bus/Coupler Junction

13



where the value for k = %F = Gb

The complete estimating function which takes the form of equation (10) is:

(By-37 = Vio3) % (13)

where: E(1_3) = 3rd past input
V(1_3) = 3rd past output
G7
G4

attenuation term for line

k factor discussed above

A transmission line is calibrated at some convenient length. This was
arbitrarily set at 100 feet. From curves similar to that of Figure 5,

values for G4 and G7 are determined. The value for G4 is set as the relative
amplitude after 250 ns; the value of G7 is set as the relative amplitude
after 1500 ns.

B.  REFLECTIONS

As a wa->front travels down the main bus it will encounter discontinues at
each coupler junction (and possibly at the end terminations). See Figure 9.
Part of the incident wave, AVp, will be reflected and the other part, AVr,
will continue in the direction of the original wave. A portion of the wave,
AVs, will also travel down the stub. The reflection coefficient, , and
transmission coefficient, , describe the amplitudes of these waves.

0
4z (14)
where z = instantaneous impedance seen at a junction
p=1+7F
(15)
The line algorithm is summarized in Table 1. The change in subscript of
Table 1, equation B as compared to that of equation A in Figure 7 takes the
delay of a line segment into account. For example, the first term of equation A

has an "i" index whereas the first term of equation B is indexed "i=1". The
delay of one line segment is one computation cycle as indicated by this indexing.

14



Table 1. LINE ALGORITHM SUMMARY

E = inputs
V = outputs
i = present time

vm‘ti =Gy BE 1) *+ 6, 8E(y_gy * C3 0E (4 3) * (E,_,G7 + Vg_y) Cb + Va-n, @)

Where: .
Gl = cer:f/g-—;~ (C)
G2 = cerf-/z-g—- —Gl (D)
G, = cerf ‘3_:7: - cerf /327 (E)

G7 = final relative amplitude for longest pulse,
determined at value after 1500 ns.

Gh = pe g , chosen to provide desired amplitude (F)

T after 250 ns.

15



The instantaneous impedance seen at a junction is the parallel combination
of the line, Zo, and the stub load.

Thus,
- (z))(z))
(z_+2)
The instantaneous signal amplitudes are as follows:
- S 17
AVR Avin (17)
- " .8
Ly = v, (1+Y) (28)
AV = &V, (1+¥) £ (TRANS 1) (19)
3 in

where (TRAN 1) is the transfer function of the coupler as viewed from
the bus side.

It is noted that 2 is a function of time making many of the dependent
variables also functions of time. This point is discussed later in the
report.

In the simulation program the signal wavefronts, AVR and AVT are calculated

and their summations accumulated each cable junction. These se
summations are used to reconstruct a composite waveform for display.

C. STUB SIMULATION

There were two approaches considered for stub simulation. The first, which
was employed during the original simulator development, is to calcviate
vavefront amplitudes coming out of the transformer coupler and permits them
tc travel to the stub termination through cable segments. Reflection: at

a stub termination would result in a portion of the wavefront travelling

back and forth on the stub until a steady state condition is reached. The
first approach would keep track of these wavefronts. The second approach is
to treat the stub as an impedance or load to the transformer. The load would
vary with the stub length and is a practical consideration if load variation
is not significant over the frequency spectrum of interest. This second
approach has the advantages of (1)simplifying simulation of any reasonable stub
lengths and (2) reducing program complexity and operating cost (run)

time and main store).

16



A typical frequency spectrum of symmetrical MIL-STD-1553 waveform (sychro-
nization signal plus Bi-phase data) is shown i~ Figure 10. A null at
two megahertz can be expected with ideal symmetrical waveforms. 1In
practice deviation from the ideal will result in even harmonics and some
energy around two megahertz. (The fundamental bi-phase signalling fre-
quency is one megahertz.) However, it clear form Figure 10 that most of
the energy will be distributed between about 100 KHz and 2 MHz.

The input impedance at a given frequency of a stub as seen from a transformer
coupler is given by

[zl + z_ tanh Yl]
z, =2z
in olz, + z, tanb YR (20)

where 22 = the load impedance presented by a remote terminal.

Since the remote terminal impedance is relatively high and losses on the
short stubs of interest (less than 20 feet) are small, it is of interest
to examine the case of a lossless line with Z  approaching infinity. For
a lossless line equation (20) becomes

z) + 1 2z tan (2ﬂlkw)l
in = %o l:zo +1 z, tan (2m/x )2

where lw = the wavelength at the frequency of interest.

z
(21)

Letting Zl approach infinity, equation (21) further reduces to

z
0

z, = - —m—
in tan %1 '} 22
w

Equation 22 suggests that for low loss short stubs terminated in a high
impedance, the impedance seen by the transformer will be capacitive, inversely
proportional to the tangent of the angle determined by the stub length and
wavelength of interest. For small angles (short stubs) a linear relation-
ship is indicated.

Table 2 shows values of impedance and capacitance calculated from equation
22 for stubs of 10 feet and 20 feet respectively. Indications are that an
open stub can be reasonably simulated by a capacitor of size directly
proportioned to the stub length for stub lengths less than 20 feet. Table
suggests a value of capacitance equal to 24 § pfd where { equals the stub

length.

17
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Table 2. REACTANCE AND CORRESPONDING CAPACITANCE PRESENTED BY TEN AND
TWENTY FOOT LOSSLESS STUBS TERMINATED IN AN OPEN,

£ = 10 feet 2 = 20 feet
Frequency Xc (ohms) C (pfd) Xc (ohms) C (pfd)
50 KHz -j 13,500 200 ~J 6760 470
100 Kz -j 6,760 200 -J 3380 470
500 KHz -j 11,350 235 -3 674 472
1 MHz -y 674 236 -4 33 477
3 Miz -3 219 243 -5 99 537

Obviously, the above analysis is not rigorous and does not show the effects

of lines with loss or with terminations cf finite impedance.
program scope precluded further investigation in this area.

vork is recommended,

The limited
Additional

Section V presents emperical data that verifies the accuracy of simulating

a stub as a capacitor.

D. TRANSFORMER MODELING

A variety of transformer models are possible (See References 7 and 8),
with the selection generally determined by the nature of the problem.
Transformer models were investigated but an accurate correlation of
measurable parameters was not achieved due to limited contract scope.
The approach taken was to model the transfer function of the combined
transformer with its stub load from generalized parameters. Looking
from the bus to the stub, this was shown in the laboratory to be closely
approximated by a second order system of the form,

w i(Gain 1)
G (.) = =
! s2+zcws+w2 (23)
n n

vhere s = complex frequency
w, = undamped natural frequency
g = damping coefficient
Gain 1 - constant determined experimentally.

19



A typical output of a transformer with a capacitive stub load is showm
in Figure 1l. A transformer looking from the bus into a stub load is
defined as TRANS 1. Although satisfactory correlation to transformer
parameters was not achieved, Figure 12 provides a high frequency model
that produces a transfer function of the form to equation (23) and
suggests that additional chcracterization efforts would be advantageous.
Parameters of Figure 12 are as follows:

=

= geries isolation resistor

x

Rp = primary resistance

L = leakage inductance

n = turns ratio (primary to secondary)

R8 nl = secondary resistance as seen from primary

C/n2 = capacitive load of stub as seen by primary
The transfer function is easily shown to be,

1
G(g)- ! = 1L
; o+ -Ris 4 (24)
L LC
2

where RT = Rx + Rp + Rsn
C = effective capacitance

The capacitance term, C, and inductance L, can be shown to be primarily
contributed by the capacitance load of the stub and the leakage inductance
of the transformer respectively.

Again, referring to equation 23, the transformer to stub characteristics
can be adequately modeled from a single set of test data of the form
shown in Figure 11, The voltage gain is,

GAIN 1*_ output amplitude at steady state - vz
input amplitude at steady state

GAINI* adjusts for turns ratio and coupler losses.
The frequency related terms are:

T = periods in seconds

f = 1/1 frequency in Hz

w= 2lIf

% GAIN 1 here is not identically the same as GAIN 1 in the program as
discussed in Section IV.
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Output Response to Transformer #1

Figure 11.
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Figure 12. Transformer and Stub Line Equivalent Circuit
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The damping calculation is determined by knowing the time required for the
amplitude of the transient to decrease by 50 percent and the frequency
oscillation is determined by the oscillation period. Thus,

et . 0.5 (25)

where: t = time for transient to decrcase by 50 percent

ae= Cwn (damping constant)

at=0.6933
o = 0.6933/t

The undamped natural frequency is:

T @8
w, =/ a° +w
The damping ratio 1is:
L= g_ 27
n

Since t and w can be determined from test data, the undamped natural
frequency and damping coefficient can be calculated from equations (26)
and (27).

As discussed previously, signals on the stub will be reflected at the end
termination and sent back toward the main bus where they will again be
partially reflected and partially transmitted onto the main trunk. In the
simulation, the transfer of energy back to the main bus is treated as a
generator driving the transformer (defined as TRANS 2) in the opposite
divection.

The transformer model from the stub to the main bus is similar to the

case for TRANS 1 except in this instance the load is always resistive

and equal to Zo/2. The main bus looks like two transmission lines that
are effectively driven in parallel. A model for this, the circuit of
which is shown in Figure 13, is first order. Parameters are as follows:
Z_ = equivalent source impedance

R isolation resistor between transfcrmer and main bus

R =ZL 4R +R + Rx/n2 + 2/20n2

R_ = transform primary resistance

LP + l../u2 total leakage inductance

R = R./n2

Y o M
n

transformer secondary resistance
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Figure 13, Equivalent Circuit from Stub to Main Bus
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The solution for this circuit is:

z/22

G(.) - % - i%%&r (28)

This again is of the form:

G.(s) = (Gain 2) (Root 2) .
2 s + (Root 2) (29)

GAIN 2 adjusts for the source impedance presented by the stub, the turns
ratio and miscellaneous losses. GAIN 2 is an important parameter because
it determines the amount of energy reflected back onto the bus and conse-
quently reflects signal loss due to the coupling. A method of determining
GAIN 2 is given in paragraph IV-B,

The transfer function for driving the data bus from the generator located
at a stub end is identical to the model described above except for parameter
changes. Parameter changes result because of a different signal source
impedance. This transfer function is again first order and given as
follows:

. (Gain 3)(Pole)
63(') s + (Pole)
(30

where POLE is related to Rt/L

Using the test setup shown in Figure 14, the gain (GAIN 3) and POLE
(R_/L) are easily determined. Referring to Figure 15, these parameters
aré as follows:

output amplitude
input amplitude

T. = Rise time (637 of final value)

1
Pole = 1/T1 - RT/L

Gain 3} =

A bilinear Z - transformation is used to convert transfer functions G(s)
to difference equations used for time domain calculations. Tustin trans-
formation (Reference 8) was used successfully on the previous simulator
development and was employed for transformer transfer calculations. The
Tustin transformation requires substitution for the complex frequency
variable s,

i 151
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vhere T is the computation cycle time
With this substitution, equation (23) becomes,

ae) = Bs c1§4 (2 +2:+1)

B c1p3nz + CLF2%z + CIFL

vhere: CIFL' = W2AT2-2 wAT41

C2F2' = 2WWoaT-2.

C2F3 = 1.42 CWATHIZ#T
C2F2' = GAIN1#WATZ

v = output

E = input

Performing cross multiplication yields:
(CLF3%224C1F) ' #2+C1F1 " )V=CIP4 ' (22422+1)E

Dividing by C1F2%2% and solving for V yields

“Legsciranz~2eg

-z*v

V = CIF4*E+2*C1F4*Z
-C1F2%2” 1ay-C1F1#2
Transforming the above equation to the discrete time domain where z° cor=-

responds to the present value, 2=l corresponds to first past value and 2
corresponds to second past value yields

—c1pvi~t

=C1F1*V

V, = CIFZ*[E +2E

i 1-1% 12]

i-2

Making the Tustin transformation into equation 29 yields:

G(z) = %_ C2F3(z+1)

C2F2*z + C2F1
where: C2Fl1 = ROOT2*T-1.

C2F2 = 1.4+ROOT2*T
C2F3 = GAIN2*ROOT2*T
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Cross multiplication and dividing by C2F2*Z yields:

V = C2F3* (142 1)E- C2F1%z~)

Now, writing the above equation in the discrete time domain yields:
- - *
\A C2F 3% [Bi + E:l-l] C2F1 Vi_1

E. SUMMARY OF THEORETICAL APPROACH AND ASSUMPTIONS

Transmission line elements of a data bus network are simulated by a

special algorithm that takes skin effect into account. All segments of

the main bus are of identical length, ten feet for MIL-5TD-1553 network.

The algorithm, summarized in Table 1, introduces no inherent delay.

The delay of a transmission line segment becimes the assigned value for a
computation cycle and is set equal to the group delay characteristics of the
line.

An input to a line segment produces an output, which during the next
computation cycle, becomes the input to the next line element.

When a transformer coupler is attached to a junction on the main bus, &
discontinuity is introduced. This discontinuity is simulated by a reflection
coefficient as defined by equation 14.

Stubs are normally terminated in high impedances. Stubs of relatively short
length, 20 feet or less, will reflect a capacitive load.

At each line element along the main bus, a transformer coupler can optionally
be attached. All transformer couplers are identical. The transfer function
of a transformer coupler working into a capacitive stub load is simulated as
a second order system, the parameters of which are determined by standard
techniques from laboratory measurement. This approach adjusts for transformer
parameters that are difficult to measure and the fact that stubs have finite -
termination and loss characteristics.

Basic simplifying assumptions for the simulation are as follows:

1. The transmission line is non-dispersive. This assumption
appears reasonable because dispersive lines would make
poor data bus candidates. Most transmission lines reasonably
meet this assumption.

2. The characteristic impedance of the line is constant and
resistive over the spectrum of interest. The line used in the
breadboard did not fully meet this criteria, but adverse
effects wvere minimal.
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Stubs present a predominantly capacitive load. This assumption
should be valid for cases under twenty feet where studb termination
impedance is high. MIL-STD-1553 terminates dictate a high impe-
dance.

The second order system simulation of a coupler with its stub load
accurately simulates the transformers under investigation. This

later assumption has proven reasonably accurate for the two transformers
tested, but should be verified for other samples. The FORTRAN IV coding
used in the program makes alternate transformer models easily inserted.
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III. PROGRAM

A. ORGANIZATION

The program is structured to independently maintain the time/amplitude
phasing, duriug multipath signal propagation, of data transamissions and
resulting reflections. Figure 16 shows the signal functional flow.

Incident data wavefronts propagate from left to right in filter sequence
FIL1 through FIL30. FIL functions implement the transmission line segments.
Transmission reflections travel from right to left in descending order
through FIL60 to FIL31. Twenty-nine ISTUB filter paths corresponding to
the data bus stubs connect the transmission sequence and the reflection
sequence. Data traveling down the ISTUB paths change from the transmission
mode to the reflection mode stream at the mid point (Labeled End of Bus).

A typical stub path starts through TRANS1, the transfer function of a coupler
from bus to stub. TRANS1 provides the capacitive loading of the stub. The
output of TRANS1 travels through a FIL section to the stub termination
indicated by the I'4 calculation. T4 is the stub end reflection coefficient
which determines the portion of the signal to be sent back toward the main
bus. This reflection is paased through a FIL element and through TRANS2
which provides transfer characteristics from stub to bus.

The program is organized tc maintain signal "book-keeping" for each data
bus location versus time and to call block function subroutines in proper
sequence. Data transfer between routines is accomplished through COMMON.

B. BASIC ROUTINES
Three types of routines are basic in the program organization. The MAIN

routine performs calculations, controls the sequencing of the calculation
gsubroutine FILTER, and also calls output subroutines PLOTER and SAVPNT.

1. Main Routine

The book-keeping function associated with maintaining initial and
subsequent vslues of program variables and of sequencing subroutines
is accomplished in "MAIN." In-line calculations are also performed
to generate the transmitted data string. See Figure 17 (2 gheets)

2. Subroutine Filter

Subroutine Filter performed the difference equation calculations
necessary to advance time (T). See Figure 18.

3. Subroutine Ploter

The PLOTER subroutine is designed to interface with the host system's
plot package. A PL4020 subroutine is supplied to obtain printer
plots only. The PL4020 routine can be replaced with the host systeam's
plot modules. Care should be taken that communication variables
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‘ MAIN )

"RFAD( IN,SFCT)
WRITEC(IOUT +280)T ¢ COMAX o ZXoLENGTH( 1) s

KS004sK1500¢ ALPHAWR(30,4)

1 '9(3104)01001L(l,
FORMAT('0OSECYT DATA'32X+11F10.5)
READ(IN,TRAN1)
WRITE( ICUT +TRANL )
READ(IN+TRAN2)
WRITE( IOUT s TRAND)
READ{IN sGFNXFR)
WRITE(ICUT «GENXFR)
READ(IN.STUR)
WRITE(IOUT,.STUB)
READ( TN GENER)
wulrr(lnur.GrNFn)

|

$ $ 8 $ CALCULATE REFLECT FACTORS $ $ &S
‘DO 279 1=1.29
IFCISTUB(I )eLTe1)GO TO 270
R{1le:1) = RFF}
R(T1.,2) REF I
XK 1STuUB(l1)
RP /72, *
R ( ZL(IY = ZOo)rzC2L (1) ¢ 20)
270 cn

L o~
—f =t o ey
-0 e
muo

(SR T RS R TRANSFORMER DATA
T = Tr2,
DO S61 =129
IFLISTUB(I)eLT.1) GO TO 559
XLENG = LENGTHI(1)
OD1 = WNSQLI*XLENG/LSTUB(I)

559 UD1l = WNSQI
500 N2

; (2.%DD1%TeT = 2,sDPD3)/7CF 1)
= (ODI*T&T - ND2*Y ¢ DD3)rsC 3(1)
= DDAa*TsT/CLIF3(1)

* TRANSFORMER DATA FRUM STutl TO 8BUS
1.+ T*ROOT2
(T*ROOT2-1,)7C2F2
CPF3 GAIN2#ROOT28T /C2F2
*E RS kX% & FIKST ORDER SIM FOR GEN Fuw)d STU:3
C3F2 = | + T*POLE
C3F1 = (TsPOLE = 1)/C3F2
CAF3 = GAIN3I*T* POLE /7 C3F2
T = T %2,

[
) = DD ¢ T4DD2 + YaTaDD)
)
)
)

561 CNNT

nunezZepe—vw
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READ
INPUT
DATA

nn

SsssvsestonsdniesesdiavE PAST INAUT VALUEY

59 CONT I vuF
DY 10O N1 120
N3 ¢ l=1ea
M= 9a]

=8

FILENGL oV =

300 FILING] ox)

[TEXTTOCRTY 608 TroTs
51 FlLtlelel)= (v ,o2,1)
Elalnel o)) (Je24l)
an 7T 196
CALCULATE ISTUB INPUTS
c 2-3:
rogasrreeseesfF (i TRANSFORMFAS DOINT NEFD VU TG DIvIND (AX 1))
AFLETolal) = (FIL{Ke241) — FILIMeD02)) & (1 & (<o)} @
1 (FIL(Lelel]) = FILlle2?242)) e 15tutix)
2 ¢ 0 FILGJe2ul) = FINLEJa2s20) 8 Wi 42)
FILCTlolel) = # LU0l ) ¢ DL l1000)
oL UNvabedl = 0 FILIJe2el) = FIL{I42420) & (1 + A(Ke2)) o
Pt Pt 2el) = FILlt 42e2)) s [STye(s)
2 o FIL(Re2el) = SJilaece@)) o Olngy)
FELEMelal) = SLLNglal) & DILENY 1) =
ML CRelol) =  CFILln 2} = TIL(<e2e2)) o (1 o G(x,8)) ¢
1 (FILCJ o201 ) = FILUJe2e2)) ® 1t 1 & RiRG2))
FILEMglo3) = FIL(WMelol] ¢ DILEMT L1}
-
END CONDITIONS
10 CONTINUE
s =i T2 21V (IO AT
SEL 1o 1ol P=IFILITe201) = Sé{:;{:i:f! g
FIL:Ol':'izz(;=t{53:z:lf o FIL(10,242)18R031,8)
tLees = : 3
PLCoistel)s FiLioOelel) ¢ DFLUGO01s1)
C oo SIGNAL GENESRA)
b = .
AR LA IR T
O O S .
FLi s Nelel ) o oF N edngy
Sheet 2 of 2
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are consistent if a change is made.

Internal Parameters

The routine must be supplied information in tabular form on
what variables are to be plotted and/or printed. If plots are
requested, then information pertaining to the plots desired
must be supplied by input cards.

No output parameters are returned from this subroutine. The
output of the routine will be the requested plots.

Input Cards

The supplied input cards contain information required to
obtain a plot of one or more program variables, using the
PLOTER subroutine for the supplied plot package. In order
to use the PLOTER subroutine, the user must supply a sub-
routine named SAVPNT. This subroutine has the calling
sequence CALL SAVPNT (AREA, 2) where the array AREA can
obtain a maximum of 25 variables.

Control Card (one card)

Columns 1-2: Number of variables (must be 25 or less).
For clarity, it may coincide with the dimension of array
AREA.

Columds 3-4: Number of plots requested.

Columns 5-6: The increment to determine the number of
points to be plotted; e.g., 2 will cause every second data
point to be plotted. This will default to 1 if the field
is blank.

Columns 7-8: The FORTRAN unit number of the peripheral
storage device. Thias will default to 1 1if this field is
blank; thezefore, a GO FTO1FQ0l DD statement must be
specified for the unit.

Plot Requests (one to four cards)

Columns 1-2: An integer value which denotes a subscript
in the AREA array containing the variable; e.g., 02 would
denote AREA (2). This is the independent variable for
the curve (abscissa).

Columns 3-4: An integer value denoting s subscript in the

AREA array of the dependent variable to be used for the
curve (ordinate).
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Column 5: Blank

Column 6: The mcde of the grid. (Mode = O; linear grid

for both the independent and dependent variable. Mode = 1;
log grid for the independent variable (abscissa) and linear
grid for the dependent variable (ordinate). Mode = 2; linear
grid for the independent variables and log grid for the
dependent variables. Mode = 3; log grid for both the
independent and dependent variables.)

Column 8: Frame advance. (0 - advance to a new frame; and

1 - plot on the same grid. To reflect meaningful information
when using 1, the independent variables for the curves should
be in the same units.)

Column 9-10: A decimal value for the plot symbol. This is the
symbol used to define the curve. (See Figure 19 for the
decimal values of the plot symbols.) Unprintable characters
will yield blanks when using the printer plots.

The preceding 10 character sequence should be continued across the card(s)
until N fields have been completed, where N = the number of curves requested,
as denoted in columns 3-4 of the Control Card.

Identification Frame Data (one card)

Columns 1-72: Contain the information which is to appear on
the identification frame of the plotter output.

Frame Title Data (one card)

Columns 1-72: Contain the heading information which will
appear on all the frames of the plotter output.

Axis Label Data (one card for each variable - 25 maximum)

Columns 1-72: Contain the labels of the coordinate axes.

The number of cards in the set must be equal to the number

of variables denoted on the control card. (If the user
requests multiple curves per frame, the axis will be labeled
with the label of the last variable requested for that frame.)

¢. Flow Charts
The flow charts of logic paths of the subroutine are supplied

on the following pages. There are three logic paths depending

upog the value of the parameter KEY. (See Figuree 20, 21 and
22.
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Dec. Dec.

Code Symbol Code Symbol
00 32 Minus
(1) 1 33 J
02 2 34 K
03 3 35 L
04 4 36 M
05 5 37 N
06 6 38 (0]
07 7 39 4
08 8 40 Q
09 9 41 R
10 9 42 0
11 = 43 $
12 " 44 *
13 ! 45 Y
14 6 46 ~
15 a 47 d(Differential)
16 + 48 Blank
17 A 49 /
18 B 50 S
19 o 51 T
20 D 52 U
21 E 53 \'
22 F 54 W
23 G 55 X
24 H 56 Y
25 I 57 z
26 n 58 *degree
27 C 59 '
28 ) 60 (
29 B 61 [
30 + 62 P
k)| ? 63 (8]
80 Zero

Figure 19. Decimal Codes
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SUBROUTINE PLOTER (KEY=1)

READ
PLOT CONTROL
INFORMATION

READ IDEN-
TIFICATION
CARD

RETURN

Figure 20. Subroutine Ploter (Key=1)
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SUBROUTINE PLOTER (KEY=2)

SAVE
DATA ON
DIsSK

STORE
MINIMUM &
MAXIMUM
VALUVES

Figure 21. Subroutine Ploter (Key=2)
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SUBROUTINE PLOTER (KEY=4)

AN

FLoTIO EXAMINE £ RAME REFERENCE
CALL ROUTINE REQUESTS INFRM) AND
TO WRITE MARK BEGINNING OF
PLOT MULTIPLE PLOTS
IDENTIFICATION NFAMUI=3}
N |

PLAON

CALL PLOTY
AOUTINE

3

REWIND
[+ 13

<

Figure 22.  Subroutine Ploter (Key=4)
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Subroutine SAVPNT

The SAVPNT routine allows the user flexibility in the data values
he wishes to save for later plotting. The array PLT is filled
with the variables to be plotted and transferred to subroutine
PLOTER. Flow charts for SAVPNT are shown in Figure 23.

Subroutine PL4020

This routine is a FORTRAN routine designed to generate X-Y
rectangular graphs on a 125 column, high speed printer.

This routine can be replaced with a host system plot package.
Care should be taken to guarantee correct communication variables.

a. Using Printer Plot Routines
1. Initialize
CALL PLOTID (IDF, 1, 1)

where: IDF = Starting location of 72 character label
for ID frame.

2, Plotting

CALL PL4020 (NPLOT, MODE, NCHAR, NP, X, Y, XMIN, XMAX,
YMIN, YMAX, BCDX, BCDY, IDF, IERR)

where:

X, Y are the names of the arrays containing
the X and Y coordinates respectively.

NP the number of points to be plotted.

BCDX, BCDY BCD labels for the X and Y axes
(maximum of 72 characters stored
in FORTRAN "A" array).

NPLOT determines the number of curves per
grid. (NPLOT = 1 will advance the
frame; NPLOT = 2 will use the previous
frame).

MODE determines the type of grid that will be

drawn. (MODE = 1 linear grid for both X
and Y; MODE = 2 log grid for X, linear
grid for Y; MODE = 3 linear grid for X,
log grid for Y; MODE = 4 log grid for
both X and Y.
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SAVPNT

ENTER

SET SAVE ARRAY (PLT)
TO VARIABLES TO BE

:

STORE MINIMUM AND
MAXIMUM VALUES OF
EACH VARIABLE SAVED

WRITE SAVE
ARRAY TO
DISK
STORAGE

EXTERNAL

STORAGE

CALL PLOTER

RETURN

Figure 23. SAVPNT
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b.

NCHAR this integer selects the plot symbol
to be used. (See table of decimal

codes.)

XMIN, XMAX minimum and maximum values for the X
coordinates.

YMIN, YMAX ninimum and maximum values for the Y
coordinates.

IDF location of 72 characters to be printed

as a heading for each frame.

IERR This paragraph is set by the subroutine
to indicate an error condition:

IERR = 1 Normal return.

IERR = 2 Subroutines unable to
construct readable grid.

IERR = 3 Off-scale plot points were
encountered

NOTE: 1IERR should be set to zero
initially.

Terminating
CALL PLTEND (1)

The plots are output each time a subsequent call is made.
Thus, after the call to PLOTID is made, there is no
output until the first call is made to PL4020 with

NPIOT = 1. On the next call to PL4020, the graph from
the first call is output. On the call to PLTEND, the
final graph is output. The system of always seeming to
be one behind was necessary to be able to have multiple
plots on a sing<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>