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ABSTRACT

The development of a hybrid computer Implementation for the equations
of motion for an elastic cable In two dimensions is presented. The
discrete element approach Is used, in which the partial differential
equations that represent the dynamics of the cable system are reduced
to a set of 2N ordinary differential equations representing N nodes.
A time-share procedure Is developed In which analog components are shared
for different sections of the cable. The basic features of ~switching

M

from one section to the next, and the logic that controls it, are developed
using a simple second order system of two coupled equations. A sample
cable problem (six foot buoy using four nodes) is Implemented in full
on the hybrid computer, and the results are compared with solutions
obtained by an all-digital technique.

ADMINISTRATIVE INFORMATION

The work reported herein was authorized by the Naval Civil Engineering
Laboratory. The work request unit was N68305-75-WR-60075. The work
was carried out under work unit number 11576600.
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INTRODUCTION

Large scale cable dynamics problems, when solved on digital computers,
usually run at an inordinately large ratio of required computer seconds
to problem seconds. This implies costly solutions. Depending upon
the degree of sophlsitication with which the cable dynamics are modeled,
it would not be uncommon for all-digital solutions to large-scale cable
dynamics problems to require several hundred computer seconds per problem
second. Such ratios do not encourage design optimization studies via
computer simulation. -

The purpose of the study reported herein Is to explore the feasibility
of hybrid computation for the solution of cable dynamics problems, and
to show that a hybrid implementation of cable dynamics problems avoids
the penalty of long computation times. The following points are addressed
in comparing the hybrid approach with the all-digital approach.

a. The accuracies associated with each approach
b. The costs- incurred by each approach, where these costs are

determined by
1) The relative sizes of the programming efforts involved
2 ) -  The relative speed of computation as measured by the

ratio of computer time to problem t ime
c. The ease with which parametric studies for design optimization

purposes can be handled by each approach
d. The implications of machine dependence incurred by each approach
e. The ease with which, in each approach, essentially the same

progremning will handle different cable configurations

BRIEF DESCRIPTION OF CABLE PROBLEM

The treatment considered In this report follows that by Ronald
Lewis Webster In An Application of the Finite Element Method to the
Determination of Non-Linear Static and Dynamic Responses of Underwater
Cable Structures , Cornell University Thesis. It assumes a uniform,
continuous, l inear, cable material with small strains, where deformation
Is caused by gravity plus external loads (generally fluid loading).
The governing equations, In normal and tangential coordinates, are:1



n t 4 ~~wcos~~~~
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where,
m ~ mass per unit unstretched length
w weight per unit unstretched length in fluid medium

s — unstretched length
— tension In the cable

£ - Young’s modulus
A a cross sectional area of cable

4 ’ - angIe from the horizontal
Ft~ 

external tangential , normal load per unit unstretched length

Vt,n — tangential, normal cable velocity

To solve the equations of motion of cables, a discrete element
approach is usually employed. The effects of mass, internal reactions,
and external loads are lumped at a finite number of points (nodes),
and the equilibrium and continuity equations are applied to these points,
yieldIng a discrete set of equations. This is, in effect, modeling
the continuous system as a set of discrete masses and massless springs.
The result is a set of dN coupled differential equations, where N a

number of nodes, and d a the dimenslonality of the problem (two or three).
In the discrete formulation, the partial differential equations

for a two dimensional problem reduce, for node 1, to the following set
of ordthary differential equations:

m1 ~~~ 
- -F~ , sinG1 - F~ sinG 1 + ~~ cos91 + F~~ cos91_1

• +F~ cosO1 + F~, cosG11 + ~~ sinG1 + FT sinG11 -

2
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where,
m . = mass associated with node i

- weight associated with node I

= normal force on node I due to upper half-element

= normal force on node i due to lower half-element

= tangential force on node i due to upper half-element

= tangential force on node I due to lower half-element

L1 = distance between nodes 1+1 and i~ [(x1 ,.1 — x 1 )
2 + (-p 1+1 -

:: ; ~: :
~— noc~e C.

~

The externa l forces rN, FT are generally due to fluid loading,
with terms representing added mass , normal and tangential drag, and

cable tension .

BRIEF DESCRIPTION OF SOLUTION PROCEDURES

Digital
There are two basic approaches to solving the discrete cable prob lem

on the digital computer. In the explicit scheme, the initial values
of each time step are used to compute the values at the end of the step,
assuming the inputs to the step are constant within the time step.

For an acceptable accuracy, the time step must be very small , leading
to very long computation times. In the implicit scheme, va l ues to be
solved for in each time step appear in both sides of the equations ,
which are then solved implicitly by i teration . This procedure again
is very time consuming.

3



Analog and Hybrid
In an attempt to allev iate the problem of long computation times,

analog solutions have been investigated. If the number of nodes is
small enough, the entire problem can be solved on an analog computer.
In general, this is not the case; each node has three degrees of freedom
and two Integrators per degree of freedom (3~, k), that is, six integrators
per node. Since a typical analog computer has on the order of 40 integrators,
an all-analog problem is limited to less than 10 nodes just on the basis
of required number of integrators.

In order to handle larger problems on the analog, one must go to
hybrid solutions. Because of the particular nature of the cable problem,
In which the structure of the equations for each node is the same (except
for boundaries), a method of °time- sharing~ analog components is feasible.
Time-sharing Is the procedure by which , at each time step, the same
set of analog components is used for the equations of successive sections
(TM blocks”) of the cable. For each block the appropriate initial conditions
(IC) are set on the analog computer from the digital computer by digital
to analog converters (D/A transfers). At the end of each time step
the final values are read from the analog computer and stored in the
digital computer via analog to digital converters (A/D transfers). These
final values are used as initial conditions for that block in the next
time step. An example of this procedure -Is given below, where
it is assumed that the equations for 5 nodes will fit on the analog,
and that there are 10 nodes in the problem: i.e., a block consists
of 5 nodes and the problem is defined by 2 blocks.

t1 block1 — 1) 0/A. Set IC’s for nodes 1-5, X~, I — 1,5
2) Run analog forAt
3) AID. Read final values for nodes 1-5, X~, i — 1,5

t1 block2 — 1) 0/A. Set IC’s for nodes 6-10, ~~~~ 6,10
2) Run analog for~~t
3) AID. Read final values for X~, I — 6,

104
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1
t2 block 1 — 1) D/A. Set IC’s for nodes 1—5 , 4, i a 1,5

2) Run analog for At

- 
3) A/D. Read final values for nodes 1-5, X~, 1=1 ,5

t2 block2 = 1) D/A. Set IC’s for nodes 6—10, 4, I — 6,10
2) Run analog for 4t
3) AID. Read final values for nodes 6-10, 4, I = 6,10

et cetera.

BRIEF DESCRIPTION OF’ A HYBRID PROGRAM

A hybrid program consists of several separate parts:
a. a patch panel on the analog computer,
b. a logic panel on the analog computer,
c. a real time executive program on the digital computer,

and
d. an analog setup and checkout program on the digital

computer.
The equations to be solved are apportioned between the analog and

the digital computers. A separate “HOl” (Hytran Operations Interpreter)
program is written that checks on the integrity of analog components,
compares computed “static check” values with measured “static check”
values, flags wiring errors, and sets all coefficient devices and function
generators. The logic panel Is designed to send out timing pulses and
control signals used for controlling and synchronizing the analog and
digital programs. A digital executive program is written that does
the following:

a. the necessary setup and initialization of the computer states
for real time,

b. A/D and D/A input and output operations,
c. digital computations, and
d. tIme history storage (on disk or tape), to be processed

• at the end of the real time run.
In the programs in this report, there is no digital computation or time

• history storage, although these could be easi ly added.
a,

5
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The procedure used when actually making a run Is:

a. mount the patch panel and logic panel on the analog,
b. run the HO! setup and checkout program,
c. load the real time digital program, and
d. make the run.

A schematic of the logic panel timer, analog state, and digital
executive is shown below. The analog state indicates the condition
of the analog integrators:

a. IC (initial conditions); integrator outputs are set to
initial conditions

b. OP (operate ): Inputs are being integrated
c. HOLD: Integrator outputs are held at their current value.

Logic Analog Executive
Timer State Program

Initialize real time system
Read run Input parameters
Load initial analog values
Begin real time loop

A IC Wait for IC. signal (A) from logic panel
Transfer DIA’s

B OP Wait for HOLD signal (C)
C HOLD Transfer AID’s 

-

Load next 0/A settings
Test for QUIT signal from logic panel
Continue loop

In the hybrid time-share mode, successive timer cycles are used
successive blocks of the cable, so that with n blocks, there would be
n timer cycles for each problem frame time.

There were two major steps to Implementing the hybrid time-share
approach. The first was to develop a functional time-share procedure.
The second was to develop the hybrid program Itself. These steps are

discussed In the following sections.

I
6
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DEVELOPMENT OF TIME-SHARE PROCEDURE

There are two major aspects to the time share approach:
a. procedures and timing control for switching between

different blocks, and
b. reliable circuitry and progr~~ ing techniques for A/D

and 0/A transfers.
The switching and timing techniques were developed using track/store
(T/S) amplifiers as storage devices instead of the digital computer.
Therefore storage could be accomplished aoff_ lineN (not connected to
the digital computer).

Two arbitrary coupled linear second order dynamic systems were
selected as the problem on which to develop this technique. This choice
was motivated by the desire to use a problem whose solution could be
obtained analytical ly. Also , it was important to work with a dynamic
system which could be easily implemented hybrid...wise” to prevent complicating

details from obscuring the main purposes. The exact all-analog solution

was run concurrently wit~, he various time-share attempts in order to
• . have a visual a-Id (strip chart output) in determining the success of

- 

- the procedure. 
• 

-

.

The equations pr granmed were:

a1~
’
1 + b1~1 + c1x1 + d1x2 = 0 (1)

+ b2~2 + c2x2 + d2x1 0 (2)

The first step in implementing equations on the analog is to re-scale
them to reflect the maximum values of each variable. The equations
are thus written in the form:

(~
j
~ +(~ t4 +(~i~4 +(~)4 

• (3)

(
~~
)+(

~)b~ ~(j~’ç~ 
+~~~~~~~ )4 • o

- 
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The circumflex indicates maximum expected value (1~ — largest
value obtained or estimated for and

1 b1 x1b1 — (—j1 ~~~ etc.xl
The scaled variables are those actually solved for on the analog. The
constants were chosen to reflect frequencies typically found in cable
problems. As implemented, the constants were:

b
~ 

— .01, c~ — .1, 4 
— -.05

b2 — .O1,c2 — .2,d2 —— .05

The blocks to be time-shared are the two separate second order
systems. This is possible because the same analog circuitry is used
to solve equation (3) as is used to solve equation (4). A sununary of
analog component schematics and nmemonlcs Is given In Appendix A, and
Appendix B contains the analog wiring diagram for the all-analog solution .
(Figure Bi) and the wiring diagram, logic diagram, and timing sequence
for the track/store version of the time share procedure (Figures B2,
B3, and B4).

Functionally, the component time-sharing technique can be described
with the aid of the Figures. Referring to Figure B1, it is recognized
that the diagram in Block 1, as far as componentry is conce rned, is
identical to that in Block 2. However, Block 1 solves equation (3)
and Block 2 solves equation (4), with the one difference between the
two equations reflected in different settings on digitally controlled
attenuator (OCA) 00 (0.1) and OCA 13 (0.2). The implementation shown
In Figure Bi gives solutions continuous in time for both Block 1 and
Block 2. If discontinuous solutions. are acceptable, components can
be shared. For example, again referring to Figure Bi, suppose that
at time to the continuous solutions in both Blocks 1 and 2 were frozen
and the values of the outputs of integrators 000, 002, 010, and 012
were stored. A continuation of the Block 1 and Block 2 solutions can
take place as follows. The stored output of integrator 000 Is used
as an IC (Initial Condition) on the same Integrator. The stored value

8 -
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of integrator 002 is used as an IC on integrator 002. The stored output
of integrator 012 is used as an input to summer 001 through DCA 01 (set
at -0.05). The circuit in Block 1 is now run for a short span of time,
At1 (Block 1 and Block 2 are disconnected). At the end of the span,
At1, the outputs from integrators 000 and 002 are stored in place of
the previously stored values. Now using the same components as shown
in Block 1 with DCA’s 00, 01, 02, 03, and 10 set to the values for the
corresponding DCA’s in Block 2, equation (4) (Block 2) is solved. With
the previously stored output of integrator 010 as an IC on integrator
000, the previously stored output of integrator 012 as an IC on Integrator
002, and the most recently stored output of integrator 002 as an input
to summer 001 through DCA 01 (set to the value of DCA 12), the circuit
in Block 1 is run for another short span of time, At2. At the end of
4t2 the outputs of the integrators 000 and 002 are stored in place of
previously stored values for integrators 010 and 012, respectIvely.
Thus equation (4) has been solved for the small time span, 6t~. Obviously,
equation (3) has not been solved during At2, but has held its solut ion
(obtained at the end of at1) constant over the time span At2. The
di scontinuous solutions continue with the solving of equation (3) over
a time span at3 as follows. With the output of integrator 000 stored
at the end of At1 used as an IC on Integrator 000, the stored output
(at the end of At1) of integrator 002 used as IC on integrator 002,
and the value stored in integrator 012 as an input to summer 001 through
DCA 01 (set to the value for DCA POT 01) the circuit in Block 1 Is run
for another short span of time, At3. Again, during At3, equation (4)
has not been so lved, but has held constant the solution obtained at
the end of At2. The sketch below sununarizes this technique.

.c~~o*~on 3
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The solutions obtained by the component time-sharing techniques

are not the same as the solutions obtained continuously; however, with
the proper choice of frame time, the differences can be reduced to an
acceptable level .

A more detailed description of the track/store storage method is
given in Appendix B.

The next stage In the development of the component time sharing
technique was to replace the track/store (u S) summers with digital-
to-analog (0/A) and analog-to-digital (A/D) converters. The circuit
Is shown in Figure 85. The logic diagram is the same as for the 1/S
method (Figure 83), bt~t in place of an analog push button starting the
run, the digital computer sets a control line high to start the run.

In the diagram of Figure B5, the Track/Store summers (shown in Figure
82) are replaced by A/D and D/A converters. The integrators are initialized
during the NAN state; the problem is run during the NBN state; and the
values of the integrators are stored in the digital computer during
the “C” state.

The results of the A/D, 0/A time share method used to solve the
sample problem are shown in Figure 1 along with the continuous solution.

HYBRID IMPLEMENTATION OF FOUR NODE BUOY RELEASE

The final phase of the feasibility study was the implementation
of a sample problem on the hybrid computer. The problem chosen was
the two-dimensional buoy release problem, where a buoy at the end of
an anchored cable is released from its initial position at about 45
degrees and allowed to relax to the vertical position. The geometry
for the four node problem is shown in Figure 2. The equations as programmed
are given in Figure 3.

10
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The following simplifications to the equations representing the
dynamics of the buoy-cable system were made for the ease of programming.
These simplifications were made for this test case only to reduce the
number of nor~inear analog components required. They are not inherent
limitations of the hybrid approach and would not be made in a normal
simulation.

a. tangential drag was neglected
b. a constant normal drag coefficient was used in place

of a drag coefficient as a function of Reynolds number

c. in computing the normal drag, the unstretched length
of the cable was used rather than the stretched length.

The first stage of the hybrid implementation was to program an
all-analog version of the problem. This was done to develop the analog
circuitry and analog scaling for the problem. In addition, the HO!
analog setup and checkout program was written, which could then be easily
modified to give the HOI program for the hybrid implementation.

The second stage was to develop the time share version and logic
panel using track/store amplifiers as storage devices, so that the
procedure could be debugged “off-line”.

The last stage was to change the storage mechanism to the digital ,
which required replacing the track/store amplifiers with 0/A and AID
converters and writing the dig ital executive program to control real
time and to perform the I/O interfacing (D/A and A/D).

One very important feature was discovered during this last stage.
A problem with drift and rounding error existed in using the AID, 0/A
loop. However, placing a 1/S amplifier between all integrators and
A/D converters el iminated the problem of drift prior to the A/D conversion.
In addition, the sample-and-hold amplifiers in the A/D converters were
locked into the sample mode. With this latter precaution, the results

obtained with AID and 0/A component time sharing technique agreed exactly
with the results obtained with the 1/S component time sharing technique.

14
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• The problem was implemented as follows: node 1 is anchored (thus
has no differential equations)and node 4, (the buoy) is a boundary
point and is left on the analog computer to run continuously. The two
intermediate nodes, 2 and 3, are involved in the switching. The timing
is such that node 4 is run in real t ime, and nodes 2 and 3 are each
run twice real time for a duration of half the time step, yielding a
frame time equivalent to that of node 4. The~overall timing sequence
is:

a. NA N state (analog IC): 0/A transfer for init ial conditions,
b. NBN state (analog operate): integration at real time

for node 4, twice real time for node 2 or 3, and
c. NCN state (analog HOLD): A/D.transfer of final values

to be used as . Initial values the- next time this node
is run. - -

Figure 4 shows time histories of the x •and y displacements for
nodes 2, 3, and 4 for the hybrid time-sharing solution to the buoy release
cable problem. The dots superimposed on the hybrid results are the
results obtained by using an all-digital computer program. Appendix
C contains the wiring diagrams and digital computer programs which make
up the hybrid simulation, and a •list1ng of the 1101 program used to check
out the hybrid solution.

Appendix C, page C—2 , shows the analog wiring for the integrators
and the switching procedure. The wiring Is set up so that either the
1/S or the A/D storage method may be used. Function relays are used
to swi tch the initial condition inputs from 1/S amplifier to 0/A
converter.

It was found that by setting “A” to .003 seconds, “B” to .02 seconds,
and “C” to .002 seconds, representing a node frame time of .025 seconds,
the solutions agreed wIth the all-digital solution based upon a node
frame time of .01 seconds.

15
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RECOMMENDATIONS

Included below are several specific recommendations for design
and technique modifications to the hybrid program which will result
in improved time and accuracy and which can be easily implemented .

1. Analog-Digital I/O Interface.
There are two types of hybrid I/O interfacing for A/D and D/A conversion ,

(a) a direct Input/Output interface (010) and (b) a PORT interf ace.
The DIO requires the Central Processing Unit (CPU) to execute instructions
for each word transferred, whereas the PORT requires the CPU only for
the initial transfer. Thus in programs where the frametime is limited
by the hybrid I/O it is often possible to si gnificantly increase the
throughput by replacing the DIO with the PORT.

The present program uses the 010 interface because the PORT software
was not avai lable at the time of this development. It is reconinended
that in future studies the program be converted to use the PORT interface.

2. Change of Position Variables Stored.
It is recommended that the circuitry shown below be investigated

to replace storage of the actual node coordinates with storage of the
• change in node coordinates.

04M
5

30 r/ s

SN

• 17



- ~~~~~~-~~---- - ~~-— - - - - — -— -—

Making use of this circuitry instead of the circuitry that was
used in the hybrid implementation described in this report w ill result
In the elimination of one 0/A transfer per degree of freedom and the

el imination of one gain of 10 on amplif iers 11, 42, 3, and 31, thus
reducing the A/D conversion error by an order of magnitude.

3. Addition of Iterative Scheme to Improve Accuracy.
The procedure used in this report was one in which the position

of neighboring nodes were held constant while the motion of the node
of interest was integrated. Accuracy was obtained by decreasing the
time step until the changes during L.t were small enough to yield the
desired results.

A better procedure would be to inc lude an i terative scheme, where
several passes are made each time step to obtain self consistent results.
The accuracy would be determined by adjustable convergence criteria.
One such scheme is the following :

- 

Suppose we have a set of N simultaneous differential equations
of the form:

- F~ (X 1, ~~~ 
Xi i ) X = 1, 2, ... , N

The equations ar~ “relaxed” to solve,

x(k) — ST’ I ‘~(4~ ~~~~ ~(k_ 1) ) dt + X i (T)

where,

• ¼ (X~’~ (T +~ T) + X,1 (1)) • average va lue

• x1 (T)

Iterations continue until

(1 +~ T) - (1 +
~r)I .

~~~~ 
E
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The value of ~ should be a value realizable with analog components.
No changes in the analog or logic patch panel would be required to Implement
this more general technique. The only changes required would be some
additional coding in the dig ital program.

DISCUSSION OF VERSATILITY

An expansion from 2 to 3 dimensions would be very straight forward.
The procedures would be the same, but there would be more equations
(z1 as well as x1 and y1) and more terms in the existing equations.
For example, Li+ becomesL(xi+i -..x1)

2 + (y1~1 - y1)
2 + (Z i+i -

It Is po~sibie that fewer nodes will fit in a block and more blocks will
be needed per time step, thus requiring more computer time to solve
the problem, (not as in the all -digital solution). The concepts, however,
remain the same and no new techniques would be required .

Parametric studies can be done fairly easily with hybrid programs.
The program i s des igned such that changing parameters from run to run
can be easily accomplished from an input terminal either directly or
from a file.

Design changes would require more effort. The init ial work in
general structure, timing, I/O procedures, etc., would remain the same,
but any reprogramming on the analog would require development time ,
dictated by the nature of the change. The analog could be programmed
to handle more general problems initially, but at the sacrifice of analog
components.

Procedures involved in expanding to more complex problems will
depend heavily on the particular configuration . In general , more equation
programming would be involved, either on analog or digital computers.
For the sample four-node buoy problem, all of the calcula tion was done
on the analog, and the di g ital was used solely for “storage” of current
values of var iables. If a problem is very large, it might be advantageous
to do some of the calculations on the digital computer. The consideration
then is whether the computation time is least with more of the computation
on the analog board (thus fewer nodes per block and more blocks per

________ 
_ _ _  
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frame time ) or with more computation on the digital (perhaps requiring
more iterations for convergence) . For example, one extension would be
including nodes with more than 2 elements attached (e.g., nets). This
would involve reprogrMm~1ng large portions of the analog panel . It
might be decided that the overal l efficiency would be increased if
the sines and cosines, for instance, where done digitally. These considerations
would have to be worked out for each case.

A hybrid program is fairly machine dependent, in that every hybrid
facility has different hardware and software. The general capabilities ,
however, should be similar enough that only a relatively small effort
would be required to convert the hybrid program to run at a similar
hybrid facility.

CONCLUSIONS

Both the track/store time-share and the hybrid time-share techniques
were tested on a cable system represented by four nodes. Results obtained
with both techniques for the four node cable system were found to agree
with one another and with results obtained from an all-analog as well
as an all-digital implementation.. Although the test case was small,
it is concluded that large sophisticated systems can be successfully
and economically simulated in -real time via hybrid techniques.

A reasonable estimate of the running times can be predicted from
the test problem. An integration interval of .025 seconds problem time

was found to be sufficient. If the PORT Interface Is used, the timing for
one node for this integration interval is estimated as follows:

a. 200 x io 6 seconds are required for integrators to settle
and for 0/A PORT transfer,

b. 100 * io 6 seconds are required for operate time, and

c. 200 x iO
..6 seconds are required for A/D PORT transfer time.

Thus for each node, 500 x iO.6 seconds would be required to simulate
.025 problem seconds. The number of nodes that can be done in rea l
time is therefore .025/(500 x I0~~) — 50 nodes. 

~~~~~~~~~~~~~~~~~~~~~~~
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Al ternately, it would be possible to simulate a cable with 25 nodes
In twice real t ime, or 100 nodes in ½ real time, or 200 nodes in ¼ real
time, etc . Thus, on the bas is of the test program, it appears that
a 100 node cable system can be simulated in real time on the DTNSRDC[ Hybrid computer for sophistic~ited dynamic situations.

• Assuming that the above conditions are realizable , it is antIcipated
that hybrid computing technology can have a significant Impact on the
dynamic simulation of complex cable systems. It is safe to predict
that proper exploitation of this powerful technology can result in the
transfer of dynamic cable system developments from hardware (expensive)
areas to the simulation (inexpensive) areas.

Finally, in answer to the points addressed in the Introduction
concerning the relative merits of hybrid simulation versus an all-digital
simu l ation , the following conclusions are drawn.

a. The program development costs for hybrid simulation are
greater than for an all—digital simulation .

b. Hybrid simulation becomes much more economical than all -
digital simulation in performing production runs. Since
the hybrid simulation runs real time or faster, the
user can afford to s imulate many cases whi ch wou ld be
prohibitive In cost for an all -digital simulation .

• 
. c. Different -cable systems may require separate hybrid programs,

but the program development costs would be small since
the solution technique has already been developed .

There is little question in the minds of the authors that a many
node cable dynamics simulation can be implemented using the component
time sharing technique together with an Iterative scheme. However,
it is strongly recommended that a moderately sized (20 node) rather
sophisticated dynamic cable system be implemented first; e.g., a cab le
system towed by a surface ship operating in a seaway. A demonstration
of such a success ful s imula tion woul d remove any uncerta inti es for
continuing on to the most sophisticated cable systems envisioned for the
future.

I
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Track and Store Component Time-Sharing Technique

FigureE shows the component time-sharing technique using I/S
amplifiers. The “1” and “2” states of amplifiers 241, 243, and 251
indicate that the outputs of those amplifiers are the inverses of the
state “1” inputs or state “2” inputs. The logic variable “first” (see
Figure~3) is used for putting feedbacks around the T/S amplifiers 201,
211, 221, and 231. Without these feedbacks, the I/S summers
will drift causing their outputs to be initially non-zero. The
variable “first” is also used to initialize integrator 202 during the
first two cycles of operation since the 1/S amplifiers are initially zero.

Fi gure%4 shows a timing diagram for the logic variables of Fi gure

~3. That portion of the logic diagram referring to control line 0
is also used for the A/D and D/A component time-sharing technique
to be discussed later. When Push Button Flip Flop 0 is depressed the
circuit of Fi gure 1 begins to operate. Depressing this flip flop
also starts TIMER 0 (which controls the component time-sharing techniques)
cycling between “A , NBN , and “C” . Flip Flop 31 is initially in the

“1” state, consequently integrator 200 is initialized to zero via I/S
summer 201. Integrator 002 is initialized via DCA 111. When “B” goes
high, integrators 200 and 202 start integrating the equation for state
“1” (i.e. Equation 3). While these integrators are in operate, “Ti”,
remain high and 1/S sunmiers 201 and 221 track the output of Integrators
200 and 202 respectively.

At the end of “B”, “C” goes high forcing T/S summers 201 and 221
to store the value that integrators 200 and 202 respectively had at
the end of “B” . While “C” remains high the values of integrators 200
and 202 remain at the values they had at the end of “B” . At the end
of “C”, “A” again goes high causing Flip Flop 31 to reset making “2”

high. Integrator 200 is initialized zero via I/S sinner 211, and integrator
202 -Is initialized via DCA 111. When “B” goes high, integrators 200
and 202 start integrating the equation for “2” (i. e., Equation 4).
While these Int.grators are on, “12” is high and I/S sunmiers 211 and
231 track the output of integrators 200 and 202 respectively. At the
end of “ B” , “ C” goes high forcing I/S summers 211 and 231 to store
the values that integrators 200 and 202 respectively had at the end

82
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of “B”. While “C” remains high, integrators 200 and 202 hold the values
they had at the end of “B”. When “C” goes low, one complete cycle has

• been completed. For all remaining cycles, the variable “First” is low,
so that the feedbacks around the T/S summers are no longer applied;
and the initial condition of integrator 202 will be determined by the
state of amplifier 243. This cycle is repeated over and over again as
long as Push Button Flip-Flop 0 remains depressed. In the mean time the
circuit of Figure 81 continues to operate.

If now output of amplifier 002 (Figure B1) and 1/5 221 (Figure B2)
differenced and the output of amplifier 012 and 1/S 231 are differenced,
error terms are generated representing the difference between the
continuous solutions and the solutions obtained by the time sharing
technique. By varying the “A” , “B” , and “C” time intervals, it is possible
to minimize these errors.

al
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APPENDI X C

- 
HYBRID PROGRAM FOR FOUR NODE CABLE RELEASE PROBLEM

1) Analog Wi ring Diagram
2) Logic Panel Diagram
3) Digital Execut i ve Program
4) HO! Setup and Checkout Program
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~(A i~I1O~ ,1O1Ul SITa
W * 1~. I101,1Q1*) SETA

1 312 ~~~~ lI~~~A , ’ j iH~ a L ’ ~4 II . I~lPJT I TO l1O~ . O I G I IA L L v I
I~RII~~I lUlal Old i
~fA , ) I 1 U t , 1O 0 U I lul.

1013 c0~.,Arl1*, • 1043. ‘a lA)
~R I ILI $UI,I0t4) L O IS

1305 r0~~~ r 1 AT I 1~~~~, t T 1~~~~~~ vCA~fa SE?*s I• ’ r iO ’ S ’
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10 10 ~0 A l A T I V 10.l)
101 1 F 0 I I A T I I * , 1 S E I A  • ‘ a P10.5
20 C0’. I L P 4~~LCAL L I IML Z lWS T Sa* 3D0 T ,Y2DOT ,A Q ~ T ay DD I ,X a Y )  -

LO A . ) INII1AI . . ~)A’ I VA LUES
C A L W A Y S  S IA R T IN S I A 1 ~ 3
C IT~~1N.TI4$LtZ~~~L I
C IT~~LN.T~ SL~ Z a L I I
C 1.2
C ZP 11 2 s N ’EQ .lI  Z•3

DAMI I )~~Xt~QTV L IO~~M I 2 I Y D Q T I B )
DAM ( ~j 1 e X ~ I?
D I* )~~~~~ Y II
D~~1I 5 ) * 1.1)
D 4 M ( 6 P ~~—Y 1,41
D A I I ( 1 1 * 1.1 )
DAM I$) YV 1.1)

D A 1  10) *DOT I d )
~ A1I 11 )

~~~ D 3 T 4 4)
~ A . I 1 i ~ I Y D 3 T ( d I
0A I~ I 131 * 13 )
3A I14I..~C 2)

O A , I 1 S ) .Y 3 1
~A l 16)~~~Y 2)
C A L L  ~~I S V ~~q T l ~~ l
C A L L  L~~~)A I t , 1b a~~ ,OA1,ZE1
CA .. i. 1L .J A I IEO1. ) MJ

— CA~~~&. N IP 4A L T

wRIrLI1 IJ1,j0U~~I
1~~~4 FQ’~t1A1I1X, ’IC, W’ a IOL.Da A’iD CL0L~~ l~~ *14’)

~~EA.~~I 10~~~,1OOU
) L~~~.I0P,I$O~~~~~,ICLOC*

O~~.10IJ
MQL,J 1~ 1’h 0

£ CLOCA
*2D MAX .~~b. 0
* MA X S 1~~~
T Z ~~t~
.xP4PV 2 • I X L L  . OP 4 .$QL.D

3A~~t1*~~T L~j~ p ’Qr

a T1M EF.x€O~VA * ,* DMAX/CLOC*
D ~~.t1M ~~.F**3MA*~~~*MA*/CL0C(

1~J~~5 FQ~~1AII1X, ’DT~~
0 ‘ aE1 2 ’5a ’ ~T2. ‘,E12.5)c SE T  ‘ CA ’ )

SET Ii I•~~LTA
SE I I.~II SLT~ t )
SET I~~1 U.35~ C IFA
S E T (* I • S L T I 2 I
SE 151SU.05.S* ’V MA
SET $b)•.U0175~3*MMASEl l 7 I~~5~ T ( 51
St T ( 8 I~~S L T I$)
CA - L .  Mrs l Ae T V J )
IPL~~ 3O
30 1~~UU l.Ia$

I VA ~ Jt~~8 L T ( I )
~~~~~~W OC *~~ ~ D7aO

&
V
~~

tJE a 1, IC)

CA~.L. NlMA ~.T
.4~~~1f l10 2 , iD UD l DTIaDT2
w~~1I~~l1l4 ,j OO~~I

1~~O3 CO TINJ~.
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C $TART V4tAL TIME
1007 A~ IIQ IOIO

C Z.TI~,
S R T  A NY T IIIP4S ELSE REINPUIB D A T A ’ )

IP I IS TA P( 1S NL .11  SO TQ 10
NSMI .f4SYS.1
CALL RT BT A R T I I )
IP L 3
CA - L SSCL IQaI IP
lFlIt . N t .0) SO TO 5000

C
1500 CON TI N1Jfr ,

C A LL NSCL( 1 ,III
CA~.L. KSCL I 2 a L I P
CAL L ~SLLl 3 ,LL )
00 2000 J.2,NVM1
CA LL S SC LIIIL LI
1PL~~4C S A NT IN IC
lasT RSL (3, III

1503 T3~~1~~SL l 3 . 1 E 1
F (1L.N~.O) SU TO 5000
F ( I 1 J . N L . 1 . ) 30 T O 1503
T2IN • I NSL I 21 4(1

30 10 5000
.5.J

OA ( 1 I s X ~.~0 T ( L I
0A¼ I ~! ).Y00 IL )
0A~~I3 I U XI  )
~A I I 4 1 ~~•Y (
DA r15I..~~( .1)
OA (6)•~ Y I  +1 1
0 4 M 1 7 1 • A (  a l l
0A~~I8l~~~Y ( 1.1-)OA~~l 9 1 •X O 0T l3 l
DA M I 10I~~xDoT Id )
OAM I 11 I YDOT (-i )
DA M I 121~~YD~3 T l d )

• OA P I 3)~~.* (3)
DAt’~l 41..*(Z, -

DA rI  5 ) a .y 13 )
DA ~~1 6 ) • . Y ( 2 )

C
C LOAD ~A1b

CALL L~~L ) M I 1 , 1 b I U s 3 A M , I C )
Ir IL ~~’N~~’Oi 3” 1~ 50Q0

C *~ EN OA (tS
CALL lLidA( IEOIJII

C
‘ C sEC~ P1*1 STILL 1~4 ICI P1. ~ 6CA LL SSCL $P aL I )

ITJ .T NS LI 3,111
ITJ ST NSL (3 ,  I1~Ic l f t . .NL .O 1 Ski) T~ 5000
1P1113 .P41 .I) WO T Ø  $000

1F4Z~ lG.’4E.1’ IP~ .S1 30 TO 1502
C wAIT FOR OP

“.7
14s ~R Si. $ 4,11)

2501 T* . IRBL I4,11I
FILL’ NE.O) 5’) 1j 50Q9
P11 T4.rIt.sl) 140 10 1501

C
CAL L S~ CLl 3,L~~)

• C •I~AD A~ I.. ’S
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IPL•S
CALL C R14 C I Ie 3 S U S A D C , I$ )

I P I l L .4 k . .O P  so rO 5000
KIDOT I L ) ~~.AOC I11
Y E OT I I la .AD CIS)

C .(* T FOR MOLD
PL~91505 Y1 .tNBLII.I1 ’
?1.rRSLI t a I l )
FIIES NEsO ) 5’) TO 5000
IF IITI ’N E .l l GO TO 150$

C2000 ~nui?4
0
~
1
~~
.1) CALL . CRSC (1 ,7aOaA D Ca l I ) a QQ TO 1500

c I ’4TEWIA IL
C DO 3300 I SaNWI l

Y I i i •  Y 1 L ) , Y O O F I T ) . D T
*I1)S* (L1 • *00 11 !) .  0 2
YDUTII ) YDQTU) • ~ZDOT(I) • Dlixooru )sXDO T IL , • *aDOTU . DII
IF’ 1015.19.1) 30 TO 1501

Cd300 CONTIN~ L19~~ CONT1N~ L*DOT I I )••AOCIi)
YDOT ILI..ADCI.)
* 1 1 1 .  A D C ( 5 )
YlI ). AO C Ib )

1901, CONTINi J I.
C STILL IN MOLO

IPL•13
ITI•0
IT1.TRSL ( 1.111

3~ 10 5000

C gAME SlA TE V

PL•il
T2• I RSL (a , I k I  -

T2UTNS L (2 ,  Ill
FTIE.NE.O)  3’) IU 5000

C SAM E STATE AND I4U~ D V
2000 

T2 ’A ’~0 .1T1s ~~~’ 1)  GQ to iooo

TI £ 10 O~ IT ~PLSL U
T5.TNSLIS, IL ’ts .rRRLI SaIL I
r U l ,N E . 0 )  5’) 10 5000
F I L T 5 s N ~~. 1)  140 10 1100
LI I.. N$CLI3aLI I
L I . .  RICLIl, LII
A~i. RSCLI5 ,1t)

~~~~~~~~~~~ CA~~I.. R$ C L I 3a L I )
CAL~ RTP(ALT

~~~~~~~~~~~~~~~~ ?~~~~~~~~~?‘ /1*
I’ Y~ E 3 TO Q U & ? I

RLA DI102 a1 00 ’ )J  1~lE* TI r 4 ’4E .~ r ’Ea.1s II,,~c*r .Lo ,a, o
30 J O 6~J UO

lOGO CAL L !TPIALT
CAL L ~ 5 C L ( Q , L I l
w RL1~~I1U1,$0OI ) IPi,.

SO Ot F O R n * 1 I 1 * a ’ T I N E  FRANC V1OI. A T I D~ AT ‘‘IS)

I 
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30 13 30
5000 QIITIMIJ~CALL RTIIALT

CAL L NBCL(OaIt .)
W NI T L I1O IaSOOI ) LE~ IPL

8001 FORMAJIIX, ’ERAOR T ,15, I I i  MYI CA1,I.. *T PLACE ‘#15 )
‘000 COf’dINUL

CALL OAMOUT
CAL l. RIbT 3e
END
SUB~0UTLNE DAI900I
COMMON ,A OCDANIAOC,DAM
DIPIEMSLQP4 A 0 C 17 ) a D A M ( 1 6 )
00 10 1 1,16
DA N (1 1 (J’O

13 CO~.T I ~4IJ~
C*~ L P4r~~rA RT I u )

C LOAD
CAL L L~~~*(i,1SeUaQAM,IE )C *FER
CALL ILOA (IC)
CALL R1r1 A~.T

SUbN3 ~â ILME TI MLLIP4, *IpQ I ,y2Q~ I.X~)QT ,YO3T ,*a
Y )

D1M L~N SAUP4 *201.11 IN)aY100T (P4 )a*QOTIP4)IYDQTIN)a* (I.) .~~ ( n , l
DI :1~ t~S4UP4 *IC4I Z)ay 1C411 ),*LC 6’ 4) ,y1L.~~l 4)DA t A *LL* /.15004,.2j$95/
DAT A Y IL* / .j ’*l5,.21555/
DA TA *11.6/ QaSL.sO. ,O ./
DA ’A Y IC6/ 3 . a L , s g Q .~~~~~./

DU 10 LS2,P4lI’l l
*2~~0 T I L J 0 .O
Y 2 ) 0 l  1 11.0 ,0
XD_ .T 8)•V.O
YD~ T I L l O. O

10 C o N r Z N . L
*D uY I l ) • U .3
YDOT I1) 0.3

Y ( 1  1 0.0
XI 1 I.O.U

1F~~~’t0•6) 30 IL) 20
DO 1~~XI~~ 

) * 1C41 1 1)
Yl ) Y1L*I 1.11

15 COP.I1NJ~.REIJ’~N23 33 25 I~~~a~~SM 1
X I I  IS * L L A I  1.11
V I Z  ) . Y X C b (  1•1 a

25 CO~ I~ MUL.
RETIJ I~N

C ‘‘1 f??~~UU’P~?— C 1 1 1  
-

1Nt .~~ Y 1N162
ENTRY 1NT63
£N 14Y I~~Io’.£N ’ ’ ~Y 1N f 65
ENNY £141 66
INT’4? INI~~7(P41- I!  LNT4$
INTM’ L’4 1b9
IN I I Y  £ N J 4 *
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ENTR Y 1MT63
ENTRY INT6
ENTRY LNT6
£ 1414 Y IN TAC
114TP(Y I N TA F
ENT RY LNT7O
£ NI ’( Y 1 N 1 7
ENTRY IN!?
ENTRY 1N173
£N7MY IN!?,

• ENT I Y  1N175
ENT RY ~NI7 ~
ENi RY 1 M 171
ENTRY INT7$
ENT RY 1N179
EldilY IN TV A
£ N T R 1 ’ I’1173
ENTRY 1r117C
E N TR Y 11073
EN T R Y  I’4T7(
RETJRP4

It .
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• 1112$ AUS 11a ’76 L~ 5UUCD
CNTLCA SaZ1576004Q4aA . I. MON A .a MOL TIML SSMA RE CAaI E

C CR TO M QIT$CAl
C IIOZTICAS TO LP

‘PANT -jt’l
01.001 ) M M L I- • ~*$L.E ‘1
01.002)

• 
- 01.003) $1*a~ N A D *4 NO RMAL )

01.005) ‘LNPJT SON IOLE •‘ 1CON$~O. IVON$
01,034) ICON SIUUI t iC )

O 1eQ O S)
01.010) ‘STATIC TEbI’P’ ) N OR MAL ) 00.0’ ~~~01.015) IOUa.O), 1.510.
01.020) 104 114 3a
01.030) ‘LiST OPTLONN soa
01.040) ‘OPI.LINI ST SETUPt • YES • 2N 1 D0
01.050 , I U0 ..2)P 64
01. 09)
uI. 10 “L~~ITIA ~ CQNQITION B ’P’I N ORM AL ) DO.Oá 30’
01.515 4i ~3..Q)P 1.99$.
41.523 •10i Ill 34

- 
- U1.533 “LL$T OPTZO~ ” $01

01.540 ‘ UN.,..INI IL $EIUP? • YES • 2 ’ )  D0~01.553)  I uQ..3)? ba
01.99$ ‘r~A~ 1 01 O’)’41”1 IIALT)

‘PART ~j 3 ’ 1
03.001 ‘0FF L.I”E C$EC~
u~ i .D 3 S  ~UNMA1.J •IK,LNA ,Xa
04 .313  ‘010 CA 1 . C ’  134

‘CQEFF~ ’ 214
33.02 2 “ .1tq 1V 5’ ~2a03.023 AM P5’ 2 34
03.025 ‘).C.N GINS ’ 25)
u3 .0 31  ‘P’L)TSN 314
03.090
03.133 ‘OFF .~~ INE VE RIFY? ’ ) IVØ O ,  lv’
03.101 I .LV . . 0) t  4 .55$.
03 . 110  •uQO i ,V ~~RIPy)
03. 132  ? E R I V 5 ~~1 321

‘*MPS”J 334
04.1~a5 “PC’ 3k ’4$’1 354
04.59$ ‘~ A RI 03 D’)NE’)

J ‘ PANT iA~’ J
04.031 ‘15 A NAL ~~.I ~~ .LINE A N3 REA DY ! ) ,A LT
~J6. O10 4UW M A 1. 1 &1*e~~WA ,X4 ICQNB,USt.; 1,C4
36.015
34.020 CUNN.Oa 313.0
06.021 ‘SET C~~ FFS’: 214
06.025 S~.I FC N 3t~ g’P’J P3.3. F~’
06.02$ IF~~..1)’, 204
06.133 ‘L)ld.L LM I V LNIFY?’I Lv .0, 4 V .
06.131 I4V. .Q)~~ 6.99$.

04.132) •0005 ,V IRZFV4
U’.,,,
04.501 ‘ C O N N E C I I O N  S T M T $ ? ’ I  CO~4N
06.505 ILUN 4~~~’ )) ’? 6’601 .
34.531 ‘PUTS.) ala PIALTII
06.132 ‘3LR1V$” 32’ MALT a
06.533 ‘AM PS’ )  ala MA LT )uA .gaS ‘PCN SEP41’) 31) MALT )
06.5,5
04.631 - ‘1.MCC~ AGAI NST DII,’) DIG’
06.610 Iu)13 .a01? 6.591.
06.621 ‘LU E r FI ’ )  iii p

~A~. f a
04. 622 ‘O L N I V I ’ )  2*) MLII?;
04.e23 ‘AMPI’S ZJa MALT a

‘F CP4 fl MB I  21) MA L Ta
04.55 $) ‘ PARl  06 DUNE’)
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‘ PANT 10’ )
10.001, ‘CON$TANT$’
0.010 Ls 5.U

1U.Oi Q WQVII” ).55.t O..I.3)
*0.030 M0VII”.~ ê*.19Re I.3110.040 AQVIImV.1435 .1Oe .(s3)

• 10.050 A$.Q.141015%O..I.$)
10.060 MS .01114/ftO.øI.3I
10.070 w$..0’1190
10.0S0
10.090
10.100 W.WOVh*IIV
10.110 M3 .MOVL .II0
10.120 MI.M3

AOMC O .ADVL.LO
10. 140

P14. M 14V IiØIIO/I.O . Ml
*D,44C’)..IAGVL..L,DlZ.Q 4 LII

10.166 DRA6 0 • •‘00?$5~IQ, DNAS4CO •Q.0102
10.1751
10.110 TOPSSUL)’
10.190 THOu 10
10.2 00 SETA ”.5
10.5 1,3 ~ A MMA (N 2. 1.ITIC.TOP•T$O)/TUP
10.212 ‘SCA L E FACT O RS ’
10.213 A MA * • 35
10.1 4 VMA* .J .5 ,  ‘VPIAX(.3 .5 TO SATI S F Y .015,*42C.F( ’ 005 5A’

~ I’IA~ • •15
10.220) XM AX • 13
10.255 13011AX • A MA K . YODMA* • AMA X
10.533 *UPIA* • VM A 69 YDMAK • V NA*
lU.t35 Y MA X • *OeFMA*10,540 Y MA X • A MA X
10.253 LMAX .Z.1, DtI*MA*.IIMA*a QELYMAX .LMA *
10.270 UEILMA* • LM**/1Q
10.59$ ‘ PA RT 1’) OO’4 ( ’ $

‘ PANT 1 - 1
11.001 ) ‘IIATIC TEST VALUES’
11.035 I1.u0, $1.1
11.00$ “ A I) MSO? ’ L ADM SI, L~ M~ ‘*OM•U FOR EASIER ONLi NE DE3L 4 G ”
11.034 I ADrI..UlP ADMCO • 0. ADM4CO • 3 a
11.007 6 a 1.4’ w~ •11.010 *4’) • 1’ *iO • 1.1. *50 • 2.2
11.020 Y4 ’) • 1,~~1a y30 • 1.73, TID •
11.040 *4.~~.? 5a Xi .j . ja *$u1.5

4 11.010 V4•3.9, V3.~ .7, VS•1.4
11.55$ ‘RAN T ~1 DUNE’ )‘PAR’ 12’)
12.O01~ ‘1~N ITIA ~ CONDI TIONS’
1~~’0O5 1C 1. •~~~01~~•Q1O *40.0. *iDB0~ *2 0.0, Y4V).O. Y 0.0’ y20.0

*4S4.4614g  *3.~ s9595.12.040 Y454,3$*Fa y3~5.$flS, YIa1.44j 5
14.041 6.2.36
14.,~~$ ‘ r’A RT 12 DUNE’)

•PA RT Ii’)
14.001 ‘010 (0~ A T 4 Q P 4 $ ’
14.100 ‘LL NGTMI AN O TENIIONS’
14.105 *1.0. Y1~~

J 

13.111 0L1.*i • *Z Zte DELYI • YS SY I
3.112 0L1.*2 • *3~~II D(~Y* • Y 1 Y
3.113 DIL*3 • X4S*3a 0(~~3 • Y.•Y4.121) LI • SaP4IOIL.xi..~ • DELY1~~ S)i.t55) Li • SOM I OLL*2.*2 • DELY2’~ 2
3.123) • 10AlO~L*3..1 • Oti.Y3.ø3)3.131 ) l iNt  • ~~LY 1/L1, COH • ~~LX1~ L 1
3.132) 11N5 • ~(L YZ/L2 , COIl • PCLU~~ 2
~.133

) 141*3 • ~lIIIY3.’L.3, CO$3 • DELx3’L3
‘)LLL1 • L 1 I .Q# DtL.~,l • I.2 1,Oa 011.1.3 •
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r

TI • 6* l D E L L t / I .O )~~ I 1  • ‘SeDELLI/LO)
3.j~ 2-) T2 • 6’ ’ O IL L2/LO )~~(1 • .5.DEIIII2/LQ)

13 • ~~ IUiLII3/LOJ4I1 • ‘S.OELLi/LO)13.172 12* • CUSDT2 • COl1*T1a T2Y • 5IN2’l5 • SIr.1~ T1
13* a CU53~ T3 • C0$l.T2a T3Y • 8IN3’T3 •

j3.t74 T4* a • COS3~ T3. T~ Y . . S1~’3’T313.ii9
13.300 ‘DRAG U RM5”• 13.3 10 V3MNN • •*RD.SIN1 • YZ D4COSI
13.315 V~ PLM • •X20.$1N2 • Y3D~COS213.350 VJMNN • •630,$jN5 • Y3D~C0S213.325 VJPLN • •*30.51N3 4 Y3D~ COSJ13.330 V4Mr4M • •X4D,51N3 • Y4D4COS3
13.335 D~ MNP4 ’ URA 3CQ~ &$$(V e~ re4).V2pjP4p4
13.340 P2PLM ~ ~NA GCO 4A $SIV 2PLN )~~V 2PLN13.345 PdM$P4 u ORA GCO .A $$(V3MNN )4V JMWN -

13.350 I~iPLNs ~RAGC0ØA15 I V 3PLN )4V 4PLN
13.355 04M NP4u ~RA GCO**85Iv4mP4N).v4t4NN13.360 O~ u0X • DR A 34 CQ~ A 5 $ l X 4 3 ) , K 4 D
13.345 DbU OY • O N A G 4 C O .A B S I Y ,~~) .Y4 0
13.370 a •11N2.D2PLN • SIN1~ D2 M P4N a 02Y • C052.02PLP4 4
13.37 5 04* • .SIN3.D3 PL~ — Sl~~2.03MNN ’ 03Y • C013.DJPLN • LOS~~’DJ13.3$0 04* • ~PB3QX • 51N3.D4MNNa D4y • 0830Y • CUS3~ O~13.399
13.400 ‘SUM AL~ NQP4 ACCEL TERMS. II DKA3+TL~ SION4~ EL (aMT’
13.402 X~ S3~ • 02 *+T2X , Y2 S3M • DzY~~t2Y • W
13.403 X453M • 03*413*, Y359M • D3Y •T3Y • W
13 .404) *4SUM • 04*414*, Y41UM • D4Y+14Y • W4
1J.4~~9)1 4.53 3)  ‘ AD DEO MA SS T ERMS FOR SOLv1~3 SIR LOS’
13 .53 2 )  C2*X • ADMCO.I$lNa..2,S1~ 1..2)13.503) C.J** a
13 .504) C4 *X • A0M4C0 .I •S1~ 3’.2)13 .51 2)  ~ 2YY • AQMC0.IC0S2~.2.CQ$j*.2)13.513) L3YY a
IJ’514) C~ YY • A~~14çQ~~~ •CO53 ~~ 2 )
13.522) 1.~ XY • AUMCQ. ( .$1M2$C0S2.SLNI.1.0S1I
13 .523) C3*Y • A0MCD.I.$IN3.COS3 .S1~~2.C0g2 )
13.524) 1 . 4 Y  • ADM4CO~~( •SiN3a~QSJ )
13.532) M~ X • M~~~C~~X X ,  M2Y • M2•cayY’ 0LN2 a M2X.MaY .C2XY* .2
13.533) ~4X • I14•C3*X , M3Y • M3u( 3YYa OLNJ • M3*.M3Y.C3*Y’.2
13.534) P14* a I1’ C4*~ . M4Y • M4•C*YY. DEN’ •

I • 13.559) -

14.6301 ‘SQL OF S1M 10$’
13.601) *~DD • 1C2*Y.YZIUM • M2Y4X251JM 4 / DEN2
13.603) *300 • (C3*Y.Y35iJM • MJY4XJ$UMJ / ‘)~.P~313.604) *40 0 • C4*Y.Y481JM 4 MNY4X4SUMI / 01N4
13.612)  Y200 • *C2*V .*2$ UM • t’$2*~~V2StjM 1 / D~.P4214.613) Y#0D • 1C3*Y.*3SUM • M3*4Y353M 1 / PL NJ
14.614) Y400 • 1C4 K Y .*4 8 U M  • P14*~Y4SuM

) / 01N4
13.622 F~~X • Md~~X~~DD , F2Y • 12’Y200
14.6 23) F3X • M44*300, F3Y • 130Y300
13.654) F4* • M*~~*43D, F 4-Y • 1441400
1 3.6 9 9 )  - - 

-
13.700) ‘N O R M A L  AC1.~~L FOR ADDlO M A S Sd - - - -
13.710) A2P1N • •*2034S NI • 1230’C0s1 - 

13.750) A~ PL • •X~ 3D.S N2 • Y230’C0S2
13.710) A iMN • *JU 3~~$ P42 4 Y3304C052
13.740 AJP~L • X300.S P43 • 13304C0S3
13.753 A4M N • *400.S P43 • Y4)D’PCQW3
13.719
13.7~~ “ NOR MAL A D MASS PLUS ORA U’
14. 761 • A2 MN4A 0M C0 • 32MP4~13. 762 F~ PLN • A2PL .A DMCO • DIPLN •

• Ad M~.ADMCO • D3iNP~ •13.764 F4PLN • A3F L4A OM CO • D3PLN
13.?~ 5. F4MNN • A4.1P44A3p)4CQ •34f.~P4r,13.799)
13.100) ‘AODITLUNAL ANALOG VILE’

4
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13.810) SINCO • ~~OELLMA */lIIO .TMAX )
13.111) $lRj • STNCO. (1 • •5.DILLI ,LO)
13.512) • ST RCO,I 1 4 ‘I4QELLULO)
13.113) 11R 3 • $TRCO .I-1 • •S.OELL Jl[ó)
13.620) 6F1C016 • UCLXMA */XMA * • 1F16 • ‘AS$~M t$ 6F016*u*FD$6Y13.$30) STRPOT • ‘5ø~/L0I’2 • I DLLIIpjAx..~/T~**13.140) ADM POT SAO M CO eAMAX /FM A *
13.545 ) ADM 4PQ I • AOM4CO SAMA */FMA * /10
13. 5)

13.~~O2) F(.411T a • O R A G 4 C O 4 v M A * . . 5 # F M A X13 ,903)  RAr ~ • P34611/ POUT
13.~~04 ) AC.AD0*INIPT ,*4145 ,F*4165,ERR ,6N4
13.~~~5 1•l al e l * ! *4j5 •
13.~~j0) 1 • j.1~ 1b~ FGDRS4I5 • FO$l .x415.AIl I*415)
13’915) I • je l ale t  FGDRO44I5 a RAT4 .F30R0415
13e 950) FG0R34165 •
13.~ 9$) ‘PANI 13 DUNE ’)

‘PANT 2 0 )
20.001) ‘SET FCN 31’dERATOR*’
20.010) ‘44 ...6UI’tMQP4 STMNT IN 13 10 3E1 IT BEFORE DIP OP *4l~~’3~ ’QZ Q)  AL SICON S , *BPS•14• 2 0 .04 0)  1 • j a 1~~16t P641 5 •
20.100) FGIOO a1D AODRaF3IOQ , ERR .Oa LOON : •$OPS ,LJ
3 Us j Oj ) tLNR(01 ’~ ‘CONS SELECT £RROR, ’a ERR)
2~~.t05 ) )ENR>O )? ‘DCFG SITUP ERROR ,’, ERR )
20.200) P0101.2. AODR •F01Q1a £RR .Oa ADONI &SDFSaL4
30.201) ILNR (Q)? ‘CONS SELECT ERROR, ’. ERR)
30.205) l~~RN)0)~ “OCFO SETUP ERROR,., ERR )
20.3 00)  P1a110.J’ AUDRuPOIIO , ERR .O, *00*) 650F$IIIi
20.301) I~.NRC0I? ‘CONS SELECT ERROR ,’. ERR:
20.305) I L R R ) O ) ?  ‘DCFS ET~ P ERROR ,’. ERR )20.400) P01 11.4. AOD~ SPG lii IRR .O. ADOR ) •SDr$aIi
20.401 ) (LNR (0I~ ‘CONS ELECT ENROR, ’. tRN:

i~~NR)0)? “DCFG ITjJP ERROR. ’. ERR )
~ 0~~~3•~~# A~~~~~U~~0 ~~~~~~~~~~~~~~~~~~~~~~~~~

30.505 ) )LRR O)? “DCFG . SEYUP ERROR.’, ERR )
40.559)

~3~~~?I *QDR ~~ G1IO ~~~~~ ~ SDFS.La
ItNR (0)’~ ‘CONS S LfCY ER OR,’. INN:

20.7051 I*NR >O 1 ’ ‘DCFG $ETI)P ERROR, ’, ERR )
30.100) P0131u$a AODN .F0131 , ENR.O. AQOR ) •BDPG .ii
20.50% ) ItNR(0l1 ‘CONS SELECT £kR QR, ’a ERR )
2Q .$0l) I~~NR )0)? ‘DC,G SITUP ERROR, ’. ERR )
3U.9~~~) 

N~~ A R I  23 OQN~~’
21.0011 11001 *UOM **/XDMA */10.BEIA
21 .332) • ILUO2 •
1.003) lLOO3 • *DMAX /*ML * • SLT*

21.010) 1L010 •
21.011) ILUII • PMA*/ Ip j4 ,KDDM~~~) /10 ‘2 -21 .012) 1.012 • •W4/(M44YDDM**) /10
31.013) L013 • VOUMA */yDM *g / 1J 4 BL IA
21.020) L023 • V43 /YDM A K
2 1.021 ) tOal a TPMA*/YP?A* • I LTA

~~~~~~~~~~~ : ~~~~~~21.030 lLQ3~ • FMA */ 1 M3 .*DDMA *) /10
31.031, 1EO31~ XDDMAX /XDMAK/IO .$E1 * ,5AMMA /1Q
31.033 11033•*O MAX/X MA * 4 IL TA ØGA M MA/ 100
21.041 1L041 • FMAK/lM34 *~~MA *) /10
3 1.042 11042 Y 03M A */YDM A */104 11 1A .O A M ,I A /10
1. 1 ~~~~~~~ 

/YMA */IO4IETA ’GAM MA /10

C44
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21.1)1) 1L13j • 6’O(LLMA*/(IIO .TMA *)
51.132 ) 11132 • ITRPOT
21.140) 11140 • W FFMA *
21.141 ) 1114j a ADN4pOT
51.145) 11141 • LOMP OT
21. 43) 11143 • A PMPOT
21. 50) 11150 a
11. 00) 11200 6PE1D1K

• 
- ~ 1. 01) 1E2O1~ 6FLEDBk

21. 13) 1E3t3~ Y3 D/yDMA*21. 20) 113a0’*30,xDMLX
2 1 .340)  1E340’Y3/YMAX •I.j)
21. 3 43)  1,f343 Y2 ’YMAX •(a1 )
21.500 ) 11900 • FMA */IM 4~ *DDMA *) / 10
31.99$) “~~A NI 21. OUN I ’$

‘PART 22’
22.022) 10022 U •X JDp/XDMA X / 10 ~~~~~~~~~~~~23.010) 10030 • *3D/XPIA * / 10 •SAMMA .$LTA
22.032) 10032 • •YIDO/YOMA * / 10 •G*MMA .BETA
~i.040) 10040 • YJO /YMA X / 10 •GAMMA ,BLTA
22.405) 1D402 •*400/XDMA */1O.RLTA

1B~~1~~~ ~~~~2~~~~~~
7?bT

~ 511*
34.453) 1042gm 140/YMAX/lO • BETA

• 22 .599)
22.903) ‘~ UP1MY bECT IOM TO MOV E PART 23 P*GE BOJN~ A~ Y ’
22.901 )

~~~~ : ;~~ 
: ~~~~~~~~~~~~~~~~~~~~~~~~~~- 22 .904)

22.904)
22. 905)
22.90$)
22.907)
33.90$)
34.939)
24.910)
d~’99I~L 

‘ PA Rl 22 OUNI”)
‘ PART ~3’$23’O Ol) t A O O 1 • •Y’DD/YDDML*

33. 00 3) 1*003 • 0(~Y3/DILYMA*23.011) 1A ~ t.l • J1L63/OIL*MA *
• 23 .013) 1*913 • •V300/YDOMA *

23.051 ) 1A0 21 0’U
23.325) 1*022 • X3D /*~MA x
33.023) 1A023 0’O
23.030) .1~AU3~ •23,031 ) - 1*03 1 • DELYZ/OILYMA *
~3.03j) 1*032 • Y3U/ YOMA *
23.040) 1*043 • •YJ /YMA *
23.0411 2A ~ 41az3,* M*6
23.042) 1AU,ea0I~~62,DILXML*
23.04))  1A ~~4i * 1#* MA*

1AV 5 ~~~~~ ”~~~~L 3 /DI1 . L MA *
24.100) 1*100 • •*330/*DDMA*
2 3.1 03)  1*103 • TJ / t MA *
23.104) 1*104 •23.113) 1*113 •
23.114) 1*21 4 • 11N3 .*30/*DMA*
23.1 11)  1*115 •

ai.i~ O ) • 1A 150S.630 1*DMA *
23s 1I$~[ 3 3 . 1,5 4 ) 1*124 -

1 * ! S i.
~
. 

- V~
4
~~

Y DMA *

23.1*3) 1*133 • •G0$3•Y3D/YDML *• 34.1,341 1*134 • •~ 0$t øY3 D/Y DMA*

f 

23.111 ) 1A 131~ • ) L  •L 1)/ l IMA *4 L ~1A* )

- 

C4-5



23.131 1A135• DELKI.DIIKl)/(DILKNA*.DILXMA*l
23.140) IA I4U•V 3/YN*x
IJ.14$ 1A141~ 63’*MAx1A l44aLl/ L~MA*

1*14 •.ZNJ.*300/*DDNA*53• 11 1*1,53 • •ZN •*300/*DDMAK13.154 1Aj14•~~6IPd 5
23. 11 1* 5 •  OS

8? 1~~~~~~~~~
Lf2/D8U~NA*

23. 02 1*502 • $TR5
23. 33 1A503•Q.0
23. 10 1A51O~ Y30/y 3RA*24 . 1* 1*511 • P3*/ pMAX
23.211 1*512 • FJY/ PMA*
23.550 1A520 *3Q/XOM A*23.221 1*221 a

1*252 • I F4Y .W4 )/FMA* /5
23.223 1*353 •
23.833 1*230 •
23.531 1*331 • A 3PL/A MA*
23.833 2*535 •
23.533 1*233 • A 3Mw / A MA K
2J.g~0 1*240 •23. 54* 1L241~~Y3’Y MA*23. 42 1A54l m~ v )/ YMAx
23. 43 1A243•V l ’V MA*23. 50 ILZsum.*3,*MAX
23. 11 1*251 • ~4 M NP4/VM A *
23. 11 1**5l • VS PLN/VM A*
23. 13 1*113 • VJ M~ P4/VNL *23. 03 1*303 • •C013eV400/yOD-iAX
53.304 1*304 • •CU83~ Y3D D/YDDM**23.301 1*305 • •CUSS.Y300/YD DMA*

12I1~ ’ S~~~~~~~~I 1 ~~MAR .D$L*MA *I23.314) 1A314SL1 ’LMAK

~~~~~~~~~~~ 
: ii:~~~ c~~23.324) 1A354 • •CQB 3aT3/TM A *

23.355 ) 1*355 •
23 .34 1)  1A341 .T3/YMA*
2 3.3~~~2) 1A34l~ •*3/*It*X
23.3431 2 *343 • 11N3.F4MNN/PMA*- -

23.344) 1*344 • •CDS3•F3PLN /FMAK
23.401) 1A401• $1N3
23.402) 1A402•*40,XDMAX
23.403) 1A403~ •1IN323.410) lA 4lU .64/XRA*
2i.4i*) 1A 412 Y40/ y OM **2i.4$ 3 1 1A 413~ •C0$323.420 1A~ 2O .Y 4 / y M A X
23.453 1*423~ CQ S3 .T3/TMA *
23.43 323. 534 1A534••CUS3 .F4MNN/P p)**
23.141 1*541 • •CYS2 ’ EJM NN/FM**23.542 1*545 • 51N3 ’ T 3/T MA*
23.144 1A54~ • $1N S ,T2/TMAX
23.114 1A554•l1N3.*4DD/*D0M~~2~ .60$ %ACQ% ~ 13/YR*X23.603 1*60) • •cusj
23.604 1*404 •
23.~~j 4 l*e~~ •23.631 1A 631 S5I N

1A6U•C0l
54.73Q 1* 700 •
23.930 1*000 •
Si.991) ‘PU I 53 DUNE ’)

‘PANT 25’S
25.100) 1F100 ••~~4MNP4/FMA*

IL ~ 
~~~ 

-



[
25.101 1,101 ••O3PLM/FN**

• 55.~ j0 1,110 ••OSPLM/f$**
55. 1 1,111 •~0lMNN ,~Ii*25. 0 1F$I0 •~OJMN N/pNA35. 0 1 ,P$ 3 0  •

• 55. 1 1P131, • •DIUOY/PMA
*5. SI. ‘PAR T as D~ 4(’IU NT 31’)
31.001 jPQQ1, • 11001*1*00• 31.00$ TPOO5 • 111J05*1a1 .
31.003 1P003 • 11003e1,A405

31.010 jPUlO • 1(010.1.0
31.011 1PO j1 • It011*IAU$
31.0 5 1P015 • 11011*1•1s0)
31.0 3 1P013 • 11013*1*001
31.0 0 IPOSO • 11050* (•1s0)
31.0 1 1P021 • 11011.1L411
31.3 5 iP025 • 11052*1.0
31.0 3 1~ Q23 a
3~ .O 0 1P030 • 1030*1*21
31.Q 1 1P031 • 1031.1*10
31.0 3 1P033 • 1033*1*01
31.041 1PU4j • 1041*1*
31.345 1P042 a 1042.1*
31.353 1P050 • 11050*1A

- 31.110 1P110 • 1110.1*031
31.152 IPISS • 1125
31.j53 1P123 1123.1.1.0)
31.130 tF130 • E13Q .IAO$$
31.131 1P13j a £1 • (a$ .Q)

~ 
: 1L1ft:1~V°

31.141 1 141. • (141*1*
31.j45) 2P 345 a 1142*1*
31.143 1P14 3 • 1LTh3*1A23331.110 t~~iso a iaso
31.530 1Pi 0O • 1(500*1*003
31.501 1P201 • 11531*1*041
31.313 1P313••113j3• 31.350 1P35O0.lIflQ
31.343 1P34Q~ 11340
31.343 1P343• 1L343
31.530 IP000 • 11090.1*121 .

• 31.9951 ‘ PART 31 QUME ’. -
‘PART 35’)

32sQ55 10025 • 1Q•$PQJ$ / 10
32.030 1D33Q~ 10*1P033/10
32.035 20032 • 10•1P045 / 10
32.040 1D04QS1U~ 1PO5O/1Q32.4Q5 1O,0*•$0.1P001/10
32.410 10410•1P003/1Q

1D41l~ 1U*1P0$3/1032.450 %0410 1P021#10
32:j~I~ 3;~t~ ~ DONE’)

3~ .001) 1*001 • (10.IPOII.$0.$POj i)
33.0 3 IA 03 • a (1041A4 • 0. *5 1 • P~ O~ 10’

~U :tp ?:il ’~~ ~~~~~~~~ 
•to ~~~~3i. I 1*021 .0

33,Q 5) 1*0*1 • •1a150
33.0 3) 1A013•O
33.0 0) 1A03O~s1A141

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
33.54$) 1A041 •1P1$5

~~~~~~~~~~~~~*030 1A043 t0•1,0*1P$01)

• CI-?
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33.551,) 1*051~~~
, 10.1*314+10*1~ $O$

)

33. 5) l *osla.11P130 • 1P131 1
33. 0)  1*100 • •tO.1P030
3~~• 3 $ l* lO3~~ 1,AOS1* t A 0
33. 4) 1A 1O4~~1*?DQ*i*1
33. 3) t*i13~~~1A4 O3*t *
34’ 4) 1*114~~~1A123*t *
33. 5) t*t15~~1*02t*1At5434. 01 2A1zo..1aa20
33. 3) *At *3~~ 1*0O3/t*314
33. I i*tZ4~~ 1*O11/1*314
33. ) 1A iS5 ~~~t *41Z *l*53I
33. I 1A130a.1*210
33. I t*%33ae1*$0341*O
33. $ 1*134~~ 1*7O 0*tA0
33.  I 1 A 1 3~~~~~ 

1*042 .1*04

33. 1 1*i40~~~1*Z4 5
33. 4 I
3 3.  44 )  1*144 SO~~~~l.1*131)

33. 41) 1A 1 4 5~~~~~~ 1*4 0t * lA 1 0 0

j i. 111 1*153~~~1*1OU*i*S04
33. 14) lA lS4a.1A03111*144
33. 30) t*200a.I10.1*14441041 1131

33. 01)  tASOt ao
33. ) i**0Z~~~(1P132 • 1P1$t I
33’ 1*203 • 0 -

I i i.$  5)  
- 

1 ,A2 I 2~~~~~~~12* 34 4 * 1*

j i. 01 t*22U ”UAO 2I*1410) - -

33 . 1 , )  • 1~~~1 I-lO.1A,a3.1Ap~$4tc1IS1
3~~. ~*I IA221U.~ 1A534410*t*433 •1?111 1 • (.11
34. 23$ 1A223~~1*554e1*303
i~~. 30)
34. 3 1 1A23t ma 1At4S~ i*304
33. 3 1 1*235h’ .11F101P1P14*$
33. 3 I 1A533~~~~1Ai53 t *30
*3. 4 $ %A240~~~I1 ,P143 1’13
33. 4 I %AZ41~~~1P34O
j3. 4 1*5 4i~~~t *24t
3J• • I 1*l43~~1P343
34. 5 1 1*250~~~~~~ 1A 04 1  

-•

33. 11,) I A� Sla .1A113 .1*155
33. $11 1*25Z~~ 1*114.1*133
33. 31) 1L253~~ 1A 115a1*134
jJ• 331 %A303~~ 1 ,A4i3*1A00
33. 34) 1*304 1A124*1&01
33. oS) 1*30$~~ 1*Oi3*1*155

A 

33. 11) %*313 1*011*1*011
ii. j41 I*314 5341 .1A310)
33. i I IA31 5~~ 1*12341A53Z
ji. 5 1 %A323 hh1A240*t*t
33. $ I t*324ma1A 603*1*$
33 ’ 2 1 1,A355a. 1*195*1A 10
ii. 4 I lL341a.1*241
33. 4 I i*i,Z~~ t*~ 4i
ii. 4 1
ii. I %A344~~1A$03*t*13
33.4 1 IA 4OI a IA I2J

I
£ 3.4  1*410 • ‘ipatO
34.4 1*415 • 1POIO
33.4 1*420 •
34.4 

- IA ,S3aa$*254
.33.
33. 1A,34a.1*531.t**20
lie It l*5,1~~~1,A24Q*tA7

_ _ _ _ _  

1*54Z~~ t *401*1A 1
Ii . I*5,4Sa1*154et*10

Cl-S I
_ _ _  ~~~~~~~~~~~~~~~~~~~~~~- . - ~~~ - -~ - — - a - -
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~ 33.554) i*554• •1A~3$*$*0O03~ ’603) 1A503~ aIA154• 33.~ 34) $A504s.1A154
— 33.~~1,4) 1A~ I4 • .1*03033.531 ) 1A531 •1A4

33.~~35 1A631a•1A4
• 33.700 1A700’•1*1

33.~~3Q %A000 a • sIP000)
33.95$ “PA Rl 33 DONE ’)
‘PART 35~~l35.1,30) 1P100 •- A ISIIAS5I ).IAISI .FGS(T

35.101) iFIQI •
35.1201 1F153 • A11(1A5$3)St*553*F0$ET
35.130) 1P130• *1U1*401.),1A402.P04S1T
35.131) 1F131•*SIl1A4111,1A412.F0451 1
35.99$ ) ‘PAR ) 35 DUNE ’)

‘PANT 80”)
$U. O01  ‘ P R I N T  9PTIQN$’ NORMAL I
80.010 ‘PRINT YA N LISYf’) PR.O. PR.
50.050)  P’N..Q)? $3 ,955.
e~~.O3O) ‘VA R ~ZbT ON LPI’I
80.040) •1 .P 1 .0i  •Q,ra
80.053) ‘MOl vARIASLE LIST~~I 1’~~01a t’OCi5i •V A N $
30.050) 65 1.3)
50.99$) “P*N I $0 QUNI’ )

‘ PA NT  90 ’  1
9U.t~ 1) ~, t1MM*~ D$’
90.b?0) ‘L~~1 ~$140N8’S U.ILPIsO1 êD.’LPl,Ot
9~~~.O 5 Q)  ‘ 1 1  A1$1S~~~S ’ )  U, ~~~~~~1,3J  •D,IT1, Qi
90.Q 4 3 )  ‘P~ QG*AM LIST ING ON ~P1’) LLPI’Ol .sD.P sP*~ : .T1,a0;
‘P101 INP~~t OOMI’

I
• 

• -~i~ 
- 

Cl-S
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OTNSRDC ISSUES THREE TYPES OF REPORTS

(1) OTNSRDC REPORTS. A FORMAL SERIES PUBLISHING INFORMATION OF

PERMANENT TECHNICAL VALUE. DESIGNATED BY A SERIAL REPORT NUMBER .

(2) DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES, RECORDING INFORMA-
- lION OF A PRELIMINARY OR TEMPORARY NATURE . OR OF L IM ITED INTERES T OR

SIGN IFICANCE. CARRYING A DEPARTMENTAL ALPHANUMER IC IDENTI F ICATION.

(3) TECHNICAL MEMORANDA , AN INFORM A L SERIES. USUALLY INTERNAL

WORKING PAPERS OR DIRECT REPORT1~ ~
) SPONSORS, NUMBERED AS TM SERIES

REPORTS; NOT FOR GENERAL DISTRIBUTION.


