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1.0 INTRODUCTION

As originally designed, the Radio Frequency Simulation System (RFSS)

provides a unique capability for closed-loop testing of RF guidance systems.

The elements of the RFSS, notably the multi-element target array and the

large anechoic chamber, can service three test point locations - the main

central flight table and two off-axis aperture rooms. The two-axis gimbal

described in this report is intended to be a portable structure that can be

installed when needed in the West Aperture Room* providing the RFSS with an

expanded capability for radome and RF seeker testing and for other uses such

as microwave antenna testing and RF seeker evaluations.

The new radome positioner shown in Figure I utilizes a heavy duty struc-

ture capable of handling missile radomes from a variety of Army missiles from

the large Pershing to the smaller Patriot and Hawk radomes. Other radomes

from a variety of systems can also be handled. The positioner operation is

controlled by a microcomputer providing two-axis closed-loop control via a

simple keyboard and digital display. These elements are shown in Figure 2.

The operator proceeds through a few simple steps to bring the unit to oper-

ational readiness and then selects one of several preprogrammed raster scan

patterns, or complete manual positioning is possible.

The positioner then moves the radome while the RF seeker antenna remains

stationary. This approach is based on the fundamental concept that if only

the radome is moving, only the radome is contributing to the indicated bore-

sight error. As a result, even small radome errors can be conveniently and

accurately ascertained.

The following sections describe in detail background information associ-

ated with the positioner and the mechanical, electrical and software portions

of the radome positioner.

*Only minor modifications would be required to install the radome positioner

in the East Aperture Room.
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Figure 2 Microcomputer Rack and Control
Console for the RFSS Radome, Positioner



2.0 BACKGROUND

In the past few years, closed-loop tests of RF seekers in the RFSS

with and without radomes have suggested the need for a separate portion

of the facility be made available for convenient radome and seeker eval-

uations that do not tie up the main flight table. The term convenience

as used here has several meanings:

1. It is certainly desirable to make things easier for the designer

and evaluator to install the bulky and typically awkward missile

radome with ease and, above all, accurately and repeatably. This

factor improves operaior morale and the quality of test data.

2. It is desirable to have a unit that is capable of automatic oper-

ation since a large amount of angle space must be sampled to fully

characterize the nature of the radome under evaluation and manual

operations are not geared to taking a lot of data.

3. A versatile implementation is needed to permit the operator to

examine in minute detail peculiarities that might be uncovered in

an initial screening of a production or unusual radome specimen.

4. It is desirable for a government agency to have a facility capable

of independent evaluation of radomes and RF sensors in a comple-

mentary manner to their existing facilities and with known radome

test procedures as are used by radome manufacturers.

Thus, the current design described in this report was conceived and

developed to meet the needs. Further, the unit as implemented is fully

compatible with other Army RFSS computers and offers addition flexibility

for testing in the RFSS itself, perhaps allowing improved facility util-

ization in the future.

5I



3.0 MECHANICAL DESCRIPTION

The radome positioner consists of a large two-axis gimbal assembly

designed to fit into the current opening in the west aperture room upon

removal of the shielded door. Figures 3 and 4 show the final unit

prior to installation. The mechanical design philosophy used to meet

the positioner requirements listed in Table 1 was to use large standard

size ball and thrust bearings, steel pins compatible with the bearings,

aluminum alloys, and standard structural members. Previous experience

has shown these methods improve operational reliability and are cost

effective.

The inner gimbal is a ring 18 inches inside diameter with a 3-inch

square tubular cross-section. This inner gimbal is supported by the

outer gimbal through two 0.984 inch diameter steel pins and four single

row, deep groove ball bearings. The outer gimbal is a rectangular

structure 26 inches by 38.5 inches inside dimensions with a 3-inch

square tubular cross-section. It is supported in the azimuth axis with

two 0.984 inch diameter steel pins and four single row, deep groove

ball bearings. There is also a thrust ball bearing mounted below the

outer gimbal to carry the vertical toads of the entire gimbal system.

The entire elevation and azimuth gimbal system is mounted to an external

frame. This external frame is aluminum angle 4 inches by 3 inches by

0.250 inch thick and is mounted into the opening of the West Aperture

Room of the RFSS. The entire gimbal and outer frame assembly is clamped

to the internal edge of the aperture opening with eight special design

C-clamps (Figure 5). The C-clamps have a large clamping surface to

snread the clamping pressure over a broad area, thereby preventing

local distortion to the contact finger brass extrusion mounted on the

inner edge of the aperture opening.

7
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TABLE 1

RFSS RADOME POSITIONER REQUIREMENTS

Radome Diameter 18 inches, maximum

Radome Weight 50 pounds, maximum

Seeker Antenna Weight 20 pounds, maximum

Readout Accuracy + 0.1 degrees

Scan Angle Elevation + 40 degrees

Scan Angle Azimuth + 40 degrees

Scan Rate (AZ or EL) 2 degrees/sec, nominal

Repositioning Accuracy + 0.1 degrees

Seeker Repositioning after Boresighting + 0.005 inches

Up and to the Right (1st Quadrant) :
+AZ, +EL

Up and to the Left (2nd Quadrant)
Sign of Angle -AZ, +EL
(When Looking Toward
the RFSS Array) Down to the Left (3rd Quadrant)

-AZ, -EL

Down to the Right (4th Quadrant)
+AZ, -EL

41.
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The seeker antenna mount and boresight adjustment mechanism is

mounted directly to the external frame independent of the radome gimbal -'

system mounting. The seeker antenna is located at the intersection of

the gimbal's azimuth and elevation axis. It is mounted on a

cantilevered 2-inch diameter aluminum tube supported at the rear-end by

a plate which is attached to the boresight adjustment mechanism. This

mechanism is an integral part of a stiff tubular structure that is

attached to the external frame. Attachment to the external frame is

accomplished through two large hand-operated screw locks. There are

also four precision steel guide pins with stops located near the screw

locks to act as precision references for the repositioning'of the seeker

antenna and its supporting structure after the test radome is installed.

A hinge mechanism is used to swing the seeker antenna and its supporting ".

structure out of the way while the test radome is being installed. This

technique allows the seeker antenna to be installed or removed from the

inside of the radome.

Associated with the positioner is a separate cart shown in Figure 6

used only for installation, removal and storage of the entire gimbal

system. The cart is a modified commercial unit having a hydraulic

lift and is mounted on wheels for ease of movement.

3.1 Design Approach

Three basic methods were used to design a gimbal assembly

capable of meeting the requirements: 1 structural analysis was

performed to select materials and geometries capable of meeting the

desired very low deflections that occur as seeker and radome are mounted

and moved, 2 basic drive train components were selected to have

sufficient inherent accuracy needed to position the gimbal axes

12
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~~accurately, and 3 critical components were accurately machined and when '

" precise alignment was needed stainless steel was used for improved

~~ruggedness.

Structural Analysis

During the design study phase preceeding the hardware fabrication a

structural analysis of this approach was completed. This analysis indicates

the following:

a! The maximum nossible rotation of the outer gimbal frame
at the location of the optical encoder is less than 0.00367
degrees. This is based on a maximum external moment of
525 pounds/inch caused by a 50 pound radome with a lever arm of
10.5 inches. This is not a system error, because it
can be calibrated out at assembly and periodically there-
after.

'9

b] The maximum possible vertical deflection of the outer
gimbal Fra-me, vith reference to the thrust bearing is
less than 8xlO- q inches. This deflection is based on
the addition of a 50 pound radome.

T]"lho vihbiation lrequenrv of thP positionrr strnictnre is

calculated to be a minimum of 170 Hz.

Keadout Accuracy

Readout accuracy is a summation of the errors of the various elements

of the system; these include the encoders, perpendicularity of the azimuth

-- 9-

accuraelyaio ads 3n crtcadlcpons werei actel marchie and arenue

boresighted. A discussion of how each of these error sources is minimized

is given below. ,'

The encoders selected for this system are Itek Ra3/23C with an

accuracy of plus or minus 0.03 degrees (1/3 bit). The encoder is an

absolute type that is connected directly to the shaft in each axis.

act(The encoder is described in detail in Appendix C.)

14



The error caused by the perpendicularity of the azimuth and elevation axes

is dependent on the error (tolerance) in machining of the two axes in the

outer gimbal. A typical machine tolerance would be approximately ± 0.005

inches which would result in an angular error of about 0.02
°*.

The error caused by the installation of the radome after the seeker

antenna has been boresighted is dependent on the deflection of the entire

gimbal system with reference to the seeker antenna mount. In this case,

the calculated deflection caused by the installation of a 50 pound radome

is 0.0008 inches. The readout error caused by this deflection divided by V.
the distance (48 feet) from the seeker antenna to the source array antenna

at the far end of the microwave chamber is negligible (less than 1.5 x 10
- 3

milliradians).

Other sources of error are an accumulation of miscellaneous machining and

assembly tolerances which are estimated to be less than *.015 ° (see Table 2).

Repositioning Accuracy of the Seeker Antenna and Radome

The seeker antenna must be swung out of the way while the test radome

is being installed and must be repositioned to its original boresighted

position to within ±0.005 inches. This repositioning accuracy is built

into the basic structure and is dependent on the machine tolerances of the

location precision reference guide pins. This tolerance can be easily

held to less than ±0.005 inches by proper machining methods.

The seeker antenna will sag when placed on the 2 inch diameter attach-

ment. The total calculated deflection caused by a 20 pound antenna system

is less than 0.001 inches producing an angular rotation of less than 0.5

milliradians in the apparent antenna boresight axis..

The angular location of the test radome must be positioned to within

-0.1 degree. This is accomplished by the use of an accurately machined

adapter/fixture that attaches the test radome to the inner gimbal ring.

Normal machining methods to tolerances of ± 0.005 inches with well-made

radomes will be adequate. Alignment dowel pins are also located on the

Ichine Trolerance

* tan~ ero = M-hn hca (See Figure 7)
nerror Smallest Width/2

0.005
*tane6- =0004

tan error 24.5/2 0.0p041

e = 0.023 °

error

15
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TABLE 2
TOTAL READOUTr ACCURACIES

*Error Source Error Degrees

Encoder Readout t 0.030j Outer Cimbal/Perpendicularity t 0.023

Structure Deflection Negligible (1.5 x 103 milliradian)
Structure Twisting .Negligible (0.004 degrees)

Miscellaneous Machining &
Assembly Tolerances 

. + 0.015

TOTAL SINGLE PLANE ERROR + 0.065 peak

+ 0.056 RMS

17
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fixture so that the radome can be removed and re-attached to the inner

gimbal ring and maintain the same rotation position relative to the

"imrh and elevation axes to within tn.] degree.

The weight of radome positioner less radome, seeker antenna and

counter weights is:

Inner Gimbal 43.67 pounds

Gimbal Ring 19.01
Radome Adapter 14.17
Radome Mount 6.79
Elevation Shafts 3.70

Outer Gimbal 84.62

Gimbal Frame 41.59
Bearings Az and El 5.40
Azimuth Shafts 3.98
Drive Motors 10.00
Gear Trains 7.00
Encoders 2.00
Motor Mounting Brackets 4.65
Miscellaneous Brackets 10.00

and Clamps

Outer Frame 30.83

Outer Frame 23.53
Alignment Plate 3.20
Antenna Mount Hinge 4.10
Brackets

Seeker Antenna Mount 50.88

Antenna Mount 48.98
Dowel Pins, Hand Screw
Lock, Hinge Pins 1.90

Miscellaneous Hardware and Wiring 5.00

Total Weight Less 215.00 pounds
Radome Seeker Antenna
and Counter Weights

Note this weight is less than the door (-400pounds) used to seal the West

Aperture Room of the RFSS.

18
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3.2 Mechanical Components

The overall design of the radome positioner system is based on

a two axis system (elevation over azimuth) mounted in an aluminum

angular outer frame designed to closely fit the aperture door opening.

A rigid seeker antenna mounting frame shown in Figure 8 is also attached

directly to the angular outer frame.

The outer mounting frame (See Drawing 5) is fabricated from

4" by 4" by 3/8" aluminum angle-alloy 6061T6. The angle is welded into

a rectangular frame and machined to fit the aperture opening, allowing

Ai nominal 1/16" clearance on all four sides. During the machining

operations the mointi.ng surfaces for the azimuth upper and lower gimbal

shaft (See Encoder Mounting Shaft Drawing 25) are machined parallel

to each other to within 0.002". Also, the surfaces for mounting the

seeker antenna alignment plates (See Drawing 6) and the seeker

antenna support bracket hinges are machined perpendicular to the

gimbal shaft mounting surfaces to within 0.002" and paralLel to each

other to within 0.002". Holes are also provided for mounting the four 1-

,fting buttons (See Drawing 28) on the sides.

The outer gimbal (Drawing 8) is fabricated from 3" readily avaiiahl

square aluminum of alloy 6061-T6. Solid aluminum blocks are

also incorporated into the overall weldment at the azimuth and

elevation bearing axis to provide solid cross-sections sufficiently

large to support the large azimuth and elevation bearings. During the

machining operation, the perpendicularity of the two axes was maintain,-I

to within + 0.005". The main drive motor mounting brackets in both axes

are also mounted on the outer gimbal. The mounting surfaces for these

brackets are machined on the sides of the gimbal to be parallel to the

appropriate axis within + 0.005". The encoder mounting surfaces are

also located on the outer gimbal. These encoder mounting surfaces are

machined to locate encoders concentric and perpendicular to the center

lines of the azimuth and elevation axis to within 0.001 inches to

prevent excessive side loading on the encoder bearings.

*All mechanical and electrical drawings appear in Appendix A.

19
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The inner gimbal (See Drawing 9) is a total weldment fabricated from

various thicknesses of aluminum sheet and solid aluminum blocks. Excess

stock is left on all surfaces of the weldment to allow machining to

final dimensions. General tolerances are held to + 0.005 inches although

clearance between the radome mounting ring (See Drawing 27) and the inner

gimbal is held to less than 0.002 inches by hand fitting during the

machining operations.

The seeker antenna bracket (See Drawing 11) is a machined weldment

fabricated from standard 2 inch by 2 inch by 1/8 inch square aluminum

tubing alloy 6061-T6. Solid aluminum sections are added where compression

loading is required to prevent localized distortions of the tubing wall.

Parallel tolerances of mounting surfaces are held to 0.002 inches. The

location of main alignment dowel pin holes is accomplished by transferring

the holes to the antenna alignment plate (See Drawing 6) after attachment

to the outer frame. The seeker adjustment mechanism (See Drawings 22, 23,

and 24) attaches directly to the seeker antenna mount and provides verti-

cal and horizontal adjustments in both planes up to + 0.750 inches. Ad-

justments in the third plane are accomplished with the 2 inch diameter

round tube located at the center of the adjustment mechanism.

Drive motors and worm gear assemblies shown in Figure 9 are identical

in both azimuth and elevation axis. There is an additional thrust bearing

located in the worm gear mounting block (See Drawing 15) for the elevation

axis. This thrust bearing is located above the worm to accept the loads of

the radome when insufficient counter weight is applied.

The counter weights (See Drawing 41) are located on each side of the

radome mounting. Eight counter weights are supplied and can be applied ,

in increments of 10 pounds up to 80 pounds.

21
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Figure 9 .Elevation Axis Motor and Worm Gear
Drive Assembly.
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3.3 Installation Procedures

In order to install the Radome Positioner in the aperture door

opening, the aperture door and its associated parts including door latch,

limit stops, etc., must first be removed and stored for future replacement.

The door removal is accomplished with a special cart shown in Figure 10

that is fabricated for that purpose.

The suggested procedure for removal of the door and installation

of the Radome Positioner is:

A. Remove door closure mechanism from both the door and the wall

above the door. Also remove the door latch and the electrical

door-closed indicator switch from the wall on the right side

of the door. (Save all of the hardware for reinstallation of

the door.) Open the door to approximately 45 angle.

B. Manually move the door-removal hand cart under the door until

the approximate center of gravity of the door is aligned with

the approximate center of the platform on the cart. -Align

the edge of the door with groove on the top of the platform. 1

With the foot lever raise the platform until the weight

of the door is being supported by the cart. Tighten the

upper door clamp. With the foot lever raise the door until

the door hinges are separated (approximately 2 inches).

Move the cart, with the door attached. away from the doork

opening until the door clears the wall. Slowly lower the

platform with the door attached by releasing the hydraulic

valve. The door and cart can now be moved for storage.

C. Manually move the Radome Positioner cart, with the Radome

Positioner attached, into position in fronl of the aperture

opening. Raise the Radome Positioner until the outer frame

23
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aligns with the aperture opening. Lock the foot brake on the

cart and move the Radome Positioner forward into the opening

by rotating the hand wheel located between the forks at the

cart.

D. Install and tighten the eight special C-clamps around the

periphery of the outer frame.

E. Remove the cart by lowering the forks with the lifting books I
approximately 1.5 inches. Release the foot brake and move

the cart backward separating the lifting hooks from the .

liftin, buttons located on the outer frame.

F. After completing the electrical connections to the drive

motor and readout devices, the system is ready for the

electrical check-out and operation.

G. Calibration adjustments and zero alignment of the optical

encoders can also then be made,

To reinstall the aperture room door, the procedure given above is

carried-out essentially in reverse.

252
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4.0 ELECTRONICS

The basic requirement of the radome positioner electronics is to

allow an operator to accurately position the azimuth and elevation gim-

bals. A simple solution would be a manual control of the motors for Ik-

each axis and a calibrated scale to indicate angle. A more sophisticated

system eases the operator's task permitting the taking of a lot of data

from many radomes. Until recently the conventional approach to the pro-

blem involved a complex servo feedback system and electro-mechanical

indicators and position control. With the introduction of the micro-

processor in 1971, the means to implement a programmable and sophisti-

cated control system with a minimum of hardware became readily available.

In addition, a microprocessor is capable of performing a wide variety

of complex logical operations under control of an easily modified program

stored in digital memory.

The use of a microprocessor and its associated components forming a

microcomputer, as the basis of the radome positioner electronics, results

in a very flexible and easy to use system. To implement a similar system.4

with conventional digital logic would require 400 - 500 integrated cir-

cuits compared to the 30 integrated circuits which actually comprise the

heart of the-microcomputer. This dramatic reduction in parts count re-

sults in a similar reduction in cost and power consumption and an increase

in reliability and flexibility.

A block diagram of the radome positioner electronics is shown in

Figure 11. The microcomputer closes a digital control loop between each

shaft angle encoder and the azimuth or elevation motor and displays the

current gimbal position. Commands from the keyboard or serial ASCII

(American Standard Code for Information Interchange) data from an external

source cause the microcomputer to update angle inputs to the control

loop and to open or close the loop as required. Internally stored pro-

grammable raster patterns are provided for automatic positioning.

With the exception of the display and motor controller interface, all

of the positioner electronics are contained on 5 plug-in circuit boards

located in the main electronics chassis. Four of these boards, the enclosure,
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and power supply are commercially available microcomputer and peripheral -

~circuit cards that have been modified slightly for this particular appli-

• cation. A fifth wire-wrap board in the main chassis contains miscellaneous

~~interface circuits for the keyboard, display and analog angle outputs. The

only other non-standard electronics assembly is the dual, optically isolated ..-

• D/A converter and amplifiers which are used to convert digital information'-

from the microcomputer into isolated dc signals used to control the speed.-.

and direction of the gimbal motors. This is referred to as the motor

controller and is contained in an enclosure mounted behind a rack panel in.."

the bottom of the rack. ''

4.1 Electronics Components ,.

The positioner electronics are comprised of several distinct

•..

components, each of which will be described individually. These components ill

are: microprocessor board, RAM board, ROM board, parallel 1/0 board, 1/0

buffer circuits, display, keyboard, power supplies, shaft encoders, motors,

and motor controller.

Microprocessor Board

The heart of the entire controller is a Motorola M6800 micropressor

and its associated circuits contained on the Motorola M68MM01A-I micro-

module (See Drawing 64). This board contains the 6800 microprocessor.

Ik bytes of RAM, provisions for up to 4k byte.i of ROM, two 20 bit

parallel r/0 ports and an RS232 serial / port. The controller

software is contained in the four 2708 EPROS located on this board. The

two parallel I/ ports are used to operate the display and keyboard.

2k Static RAM

The Motoroa M68MM06 board holds 2048 bytes of RAl that

are used for temporary variable storage by the positioner softwarem (See
Drawing 66) Sixteen 2102-1 ik bit static RAMs and their associated buffering

and address decoding logic are contained on this board.akpei
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16k -%Oi Board

As additions are made to the software and if new rasters

are added tne 4K bytes of Rum space availabie on cne microprocessor

board may not be adequate. The 16k ROM board M68MM04 (See Drawing 67)

has room for 16 ik byte EPROMS should additional memory be required.

32/32 Parallel I/O Board

The M68MMO3-l 32/32 parallel I/O board (See Drawing 68) provides 32

parallel inputs and 32 parallel outputs to the microprocessor. These

inputs and outputs appear as four memory locations beginning at address 8EO.

and are used for motor speed and direction control and to read the two 13

bit shaft angle encoders. All inputs and outputs are buffered.

I,'O Buffer Board

This board is a custom wire-wrapped board containing miscellaneous

interface circuitry for the keyboard and display as well as a modular

dc/dc converter and two 12 bit D/A converters used to provide analog

azimuth and elevation angle outputs. A schematic and parts place-

ment for these circuits are shown in Drawings b7 and 70.

Display

A Burroughs Self-Scan II 20 character alphanumeric display (See

Appendix C) is used to output messages and position information to the

operator. This display was chosen because it is entirely self-contained

and required only power supply voltages and parallel ASCII data. The

display requires +5 Vdc, -12 Vdc and -250 Vdc to operate. The -250 Vdc

is provided by a modular dc/dc converter mounted on the rear inside wall

of the main chassis. Characters in the display are multiplexed and thus

require a periodic "refresh". This is provided by an external 100 ns

clock on the I/O buffer board and appropriate interrupt driven software -

(See Section 4.3).
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Keyboard""

Commands to the positioner are entered via a custom 20-key keyboard-Z-

attached to the front of the main chassis (See Drawing 71). Hall-effect

switches were used to minimize key bounce problems. Integrated circuit U1 .

"'.

generates an interrupt to the microprocessor whenever a key is pressed ''-
causing the positioner software to execute a keyboard parsing routine

which reads the switch closure via PIA lines PAO-PA7 and PBO-PB7 from

the I/O buffer board.

Power Supplies

A power supply (See Drawing 75) within the main electronic chassis supplies

+5 Vdc, and ±12 Vdc to the microcomputer components, keyboard, display

and motor control electronics. A dc/dc converter located on the I/0 buffer

board converts 5 Vdc to ±15 Vdc for the D/A converters used to produce

analog angle outputs and to the D/A converters in the motor speed controller.

Another dc/dc converter in the rear of the main electronic chassis supplies

250 Vdc to the display.

Shaft Encoders

Two identical 13 bit shaft angle encoders located on the azimuth and

elevation gimbal shafts converts angular displacement to parallel binary

data used by the microcomputer to read the gimbal angles to within 0.09

degrees. +5 Vdc is supplied to each encoder via the 50 conductor cable

connecting the encoders and microcomputer (See Appendix C for a complete

descriptionl of Lhe shaft angle encuders).

Mo L, rs

Identical 1/25 horsepower ac motors (See Figure 9) and gear reduction

boxes are used Lo drive each gimbal axis. Motor speed is regulated bv a

triac speed controller which in turn is driven by optically isolated control

signals from the motor controller. A tachometer on the motor shaft provides

an ac voltage proportional to speed which is fed back to the motor speed

controller to maintain constant torque under varying load conditions over a

wide range of speeds.
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4.2 Motor Control Electronics

A block diagram of the electronics utilized for motor speed

and direction control (azimuth and elevation) is shown in Figure 12.

The electronics perform three basic functions. They are: I.

1. Control of the rotational speed of the motor on each axis.

2. Directional control for each motor.

1 3. Manual over-ride control.

The heart of the motor control electronics is the O-CON C-IOP-4

'iariable speed motor control. A block diagram of this motor controller

is shown in Figure 13.

The controller maintains constant speed over a wide range of load

torque by means of a feedback loop between the tachometer and a triac

operated motor driver. The amplifier amplifies the error signal received

from the tachometer in the feedback loop and drives the motor. The

effective gain in the loop can be adjusted to be sufficiently high so

that even a small error voltage will initiate a corrective action. The

effective gain in the loop when using the C-lOP-4 controller approaches 1.

100 causing the speed of the motor to change a few percent with changes

in the load.,

Separate C-lOP-4 motor speed controllers are used for the azimuth

and elevation axes motors. The only modification made to the controller

was to bring out a connection to allow motor speed to be controlled (VI )

externally by a D/A converter which is driven by an output of the micro-

computer.

Details of the controller are discussed below.
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Control of Motor Speed

Control of the rotational speed for each motor (azimuth and

elevation) is accomplished by applying positive dc voltage reference I

(V ) to pin 7 of the respective Q-CON C-10P-4 controller (See Figure 14).

The motor's rotational speed is proportional to the reference voltage

Vl, and at a reference voltage of zero (0) volts, each motor will be

stopped. Maximum rotational speed is obtained with an input voltage

of approximately 20 volts.

When the microcomputer issues a speed command to a motor (azimuth

or elevation) it delivers an 8-bit digital word to its respective

digital to analog D/A converter (Figure 12). The D/A then

translates this digital word into a corresponding dc voltage level.

This dc level is then amplified by U1 and applied to an optically

coupled isolator through U2. The isolator's function is to isolate

the C-lOP-4 controller from the microcomputer and its associated

components, thus providing protection against ground loops, power

line transients, and noise. The isolated dc signal is then amplified

by U2 and U3 and applied as the reference voltage (V1 ) to pin 7 of

the C-lOP-4 controller.

The D/A used in this design is the Datel model 98BIR. Its "
88 inputs provide for 2 or 256 different dc voltage levels which

are used to control the motor speed.

Directional Control

Directional Control of the rotation of each motor is accomplished

by:

1. Disconnecting ac power from the C-10P-4 controller.
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2. Reversing the red and blue motor leads between pins 3

and 4 of the controller.

3. Reapplying the ac power.

The sequence must be followed as it is stated above. MOTOR

DIRECTION MUST NOT BE CHANGED WITH POWER APPLIED TO THE CONTROLLER.

During program control, if the microcomputer determines the need

for direction reversal, it first sets ACEZ (ACEL) high turning off relay

RYI (RY2) and disconnecting power from the controller. Once ac power

is disconnected, the motor's direction may be reversed. To do this

the microcomputer complements DIRAZ (DIREL) reversing the red and blue

motor leads between pins 3 and 4 of the C-10P-4 controller. Power

is then re-applied to the controller by the microcomputer, and the

direction reversal is complete. This is all done through program

control and takes place automatically.

Manual Over-ride Control

During its normal operation, the microcomputer software will not allow

the radome to be positioned at an angle greater than + 40 degrees with

respect to its center position in either azimuth or elevation. Should

the microcomputer fail however, a standby method of shutting down the

system, if it tries to rotate beyond its + 40 degree limit, has been

installed. This standby system is a set of four limit switches, two for

each axis, which will interrupt the ac power to the C-10P-4 controllers

if + 40 degrees in either direction is reached by the radome. If

this occurs, there is no way of returning the radome to within its

boundaries through microcomputer control. For this reason, manually

operated override switches have been provided to reposition the

radome to within its boundaries so the microcomputer can regain control.

THE OVERRIDE SWITCHES SHOULD NEVER BE OPERATED WHILE THE POSITIONER

IS UNDER MICROCOMPUTER CONTROL.

N
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-. Should the microcomputer software limits fail, and the limit

switches engage, then the following directions apply:

1. Determine which limit has been reached (Azimuth or Elevation)

2. Throw the OVERRIDE switch to OVERRIDE.

3. Throw the switch corresponding to the limited position

(Azimutn or Elevation) to its position opposite NORMAL.

The radome will then reverse direction and proceed into its

normal operating boundary.

4. When the radome has reached the desired position, return the

switch thrown in step 3 to -its NORMAL position. This will

stop the radome.

5. If it is desired to reposition the other axis at this time,

throw the appropriate switch (azimuth or elevation) to the

position opposite its normal position. This axis will then II,
reverse from the direction it was going when limiting occurred. j
When the radome is in the desired position on this axis,

return the switch to its NORMAL position.

6. After repositioning the radome, return the OVERRIDE switch

to its NORMAL position. The radome is then again under

microcomputer control.

CAUTION

NEVER TRY TO MANUALLY REPOSITION THE RADOME WITH THE OVERRIDE SWITCH

IN ITS NORMAL POSITION.

It should be noted here that once the OVERRIDE switch is returned

to NORMAL, the microcomputer is again in control of the positioner.

The possibility therefore exists that whatever caused limiting in the
first place, could again cause limiting to occur. If this is the case,

manually reposition the radome as in steps 1 thru 5 above, but do not

carry out step 6. This will prevent the microcomputer from taking
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control of the positioner and thus prevents limiting from again

occurring.

Provision for manual control of the positioner was not meant as a

secondary positioning system. Its sole purpose is to place the radome

back within its boundary should the microcomputer software limits ever

fail. It should be used only for this purpose.

4.3 Microcomputer Software

Operation of the Radome Positioner is controlled by a program

which is stored in 6k bytes of Read Only Memory (ROM). This program is

executed by the 6800 microprocessor and defines all the operations of

the positioner. Logical operations defined by the program along with

inputs from the shaft angle encoders, keyboard, limit switches and in

the case of remote operation, serial ASCII data from an external source,

completely specify the motion of the gimbals.

The controller software was written in assembly language for the

6800 microprocessor and converted into machine.language instructions by

a cross assembler on the Georgia Tech CDC CYBER 74 computer. A listing

of this program appears in Appendix B. Each line of the listing con-

sists of a line number followed by an address and either one, two, or

three hex bytes corresponding to the machine language equivalent of the

assembly language statement on the remainder of the line.

A simple flow chart of the positioner software is shown in Figure 15.

This diagram represents the logical flow of the program with each block

corresponding to several subroutines of from 10 to 100 lines of program.

Program operation can best be understood by considering the main task of

the microprocessor as the azimuth and elevation control loop. This por-

tion of the software is constantly comparing the actual position of the

gimbals with the desired position which is stored in Random Access Memory

(RAM) that is accessed by the microprocessor and is modified by a number

of other subroutines. The control loop program can alter the speed and
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direction of each gimbal in order to make the actual and desired angles

equal. This digital control loop is analogous to a conventional analog

servo control system with the servo amplifiers and loop filters replaced

by a microprocessor program.

While the control loop program is operating, it is periodically

briefly "interrupted" from one of three sources. An interrupt results

in the execution of the current program being briefly suspended while

the microprocessor executes another program called the Interrupt Service

Routine. After the service routine is completed, the microprocessor

resumes execution of the main program (in this case the control loop)

at the exact place it was interrupted. The system is designed so that

the interrupt service routines take only a few hundred microseconds to

complete so in effect the processor's time is "shared" by more than one

program without degrading its performance on the main program. The three

interrupting devices in the case of the radome positioner are the display,

the keyboard and the serial interface for remote operation. Since the

display requires periodic refreshing, an interrupt from a 100 us clock

causes the microprocessor to transfer the contents of a specific 20 byte C
portion of RAM at the rate of one character (1 byte) every 100 ps. Thus the

entire display is updated or "refreshed" every 2 ms, which is faster

than the flicker response of the eye resulting in a display that appears -J

to be continuous. (See Figure 16).

An interrupt is also generated whenever a key on the positioner key-

board is pressed. The keyboard interrupt service routine decodes the key

that was pressed and determines what action to take by means of a key

state table within the program. This table specifies what action the

program will take based on which key was pressed and the current status

or "state" of the program. For example, a particular state is associated

* with the prompt "Enter Azimuth Angle" which results from pressing the
*" "SET AZ" key. If a number key is pressed, the keyboard service routine

41'
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recognizes it as a proper response and stores it as the first digit of

the desired angle. If, however, the "SET EL" key or one of the manual

direction keys are pressed, the keyboard program will recognize it as an

invalid key resulting in the display of an "Invalid Entry" message and

will then return to state 0 which is the "Resting State" and display the

current azimuth and elevation angle.

A similar sequence of operations results from comands that are

received via the serial interface from a remote device in the Remote

Operation Mode. In this case the interrupts are generated by the inter-

face each time a valid ASCII character is received. Error messages

and prompts are sent over the interface as well as being displayed.
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5.0 POSITIONER OPERATION

The radome positioner is capable of four basic modes of operation:

manual azimuth and elevation movement, preset azimuth and elevation angles,

internally stored raster patterns, and external computer control via a

serial interface. The first three modes are accessed via the controller

keyboard and the fourth via an RS232C serial interface when the local/

remote switch is in the REMOTE position. The alphanumeric display will I
prompt the operator for any required keyboard inputs and provide error

messages if any invalid key sequence is entered. In addition, failure of

any one of several self-test programs will be indicated by an appropriate

message. The display will also echo numeric entries and indicate the

present azimuth and elevation angle.

System Initialization

When power is applied to the positioner by pressing the power switch

located in the lower right-hand corner of the controller front panel,

the button will be illuminated and an automatic reset sequence will be

initiated in the microcomputer. This will cause the microcomputer to

begin executing the controller program. A power-up message will be dis-

played on the controller's display indicating successful system initiali-

zation. See Table 3 for a complete list of system messages.

Manual Operation

Manual control of gimbal position is available via the four arrow

keys on the keyboard. Depressing any of these keys will cause the gimbals

to move in the indicated direction. Only one key at a time may be de-

pressed. The azimuth and elevation angles will be displayed on the con-

troller display. Gimbal motion will continue as long as the key is de-

pressed or until the gimbal angle limit is exceeded.
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TABLE 3. SYSTEM MESSAGES

MESSAGE MEANING

THE GA. TECH - RFSS Power on message giving current
RADOME POSITIONER software version number.
VERSION 1.0.

RADOME POS. READY Indicates proper initialization
sequence complete.

XX.X' AZIMUTH Present azimuth and elevation angle.
XX.X' ELEVATION Denotes idle state if constant or

follows gimball motion.

ENTER ELEVATION ANGLE( Prompt for angle entry after pressing
ENTER AZIMUTH ANGLE SET AX or SET EL key.

ERROR-INVALID ENTRY Improper key sequence entered.

ANGLE TOO LARGE . . Entry of angle greater than azimuth

or elevation angle limit.

STARTPOSITIONER HALTED Result of pressingR key when
STOP

gimbals are in motion.

ANGLE LIMIT EXCEEDED Azimuth or elevation gimbal has
reached preset limit.

ENTER "PROGRAM"NUMBER Response to PGRM key (see raster
pattern descriptions).
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Preset Angle Mode

The gimbals may be commanded to any azimuth and elevation angle

via the SET EL and SET AZ keys. When either of these keys are de-

pressed the operator will be prompted to enter the desired angle. Each .

angle may be set independently of the other. Gimbal motion will begin
START

when the -T- key is depressed following the angle entry. The gim-

bals may be halted at any time by pressing the START key again. If
STOP key

entry of an angle greater than the gimbal angle limit is attempted, an

error message will be displayed (See Table 3).

Internally Stored Patterns

Several commonly used raster pattern programs are stored internally

in the controller's microcomputer. These programs-may be accessed via

the PRGM key on the controller keyboard followed by a program number.

Each program will prompt the operator to enter any required pattern

variables. A complete description of each program is given in Appendix E.

Briefly, the choice of rasters is vertical and horizontal linear rasters.

nr circle or star rasters.

External Computer Control

The radome positioner has the capability to be controlled by an

external device such as a computer or computer terminal that has the

capability to send and receive ASCII characters over an RS232C interface.

When the local/remote switch located on the front panel is placed in

the remote position all of the functions available through the keyboard

can also be commanded over the RS232C interface. In addition, messages

and prompts similar to those displayed on the controller display are

sent over the interface. Thus, an operator or computer program can

operate the positioner in essentially the same manner as when the key-

board and display are used. See Appendix E for a detailed description

of the computer interface operation.
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Gimb;. Angle Limits

In order to prevent the gimbals from being moved past an angle

that could cause damage to the seeker antenna and hit the sides of the

aperture or gimbal frame, two limiting mechanisms were implemented.

The first is a set of four "soft" limit angles that can be manually set

from the keyboard. These angles correspond to the positive and negative

extreme of each axis and are initially set to 40* when power is first

applied to the system. They may be changed by entering the key sequence;

"SET AZ (EL)" followed by one of the four manual direction controlled

buttons; "t", "+, " ", "l". The display will then show the current

limit and allow it to be changed. Attempting to set a limit greater

than 40* or less than 1 for any axis will result in an error message

and no change in the limit will occur. Should the angle reach the pre-

set limit during positioner operation, the message ANGLE LIMIT EXCEEDED

will be displayed and the gimbals will automatically move the opposite

direction until within the limits.

A second fail-safe angle limit system consists of four micro-

switches mounted on the azimuth and elevation axis gears., These
switches will interupt ac power to the motors should the gimbals ever

exceed the angle at which they are set. They are ajustable from 200 to

400 and are normally set at 400. See Section 4.2 for instructions on

how to reposition the gimbals after these "hard" limits are exceeded.

Rear Panel Connections L

The display, motor controller, shaft encoders, and an external

RS232 device connect to the system via connectors luated on the rear

panel of the main chassis (See Drawing 81). The two BNC connectors

labeled "Azimuth dc OuL" and "Elevation dc Out" provide dc voltages

proportional to gimbal position. From + 40' to - 40 ° on either axis

corresponds to + 4 Vdc to - 4 Vdc output with 0* 0 Vdc. These outputs

are unbuffered D/A converter outputs and can provide up to 5 mA of drive

current.
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APPENDIX A

RADONE POSITIONER DRAWINGS
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DRAWING LIST

Radome Positioner
Drawing No. Title

1 Radome Positioner for the RFSS (Sheet 1 of 2)
2 Radome Positioner for the RFSS (Sheet 2 of 2)

3 Clamp for Radome Positioner
4 Screw Assembly for Radome Positioner Clamp
5 Outer Mounting Frame for Radome Positioner
6 Alignment Plate for Seeker Antenna
7 Alignment Pin for Seeker Antenna
8 Outer Gimbal Assembly

9 Outer Gimbal Assembly
10 Insert for Outer Gimbal
11 Seeker Antenna Support Bracket
12 Bearing Block and Motor Mtg. Plate for Azimuth Axis
13 Worm Shaft for Azimuth Axis
14 Bearing Block Mounting Bracket for Azimuth Axis
15 Encoder Mounting Block
16 Bearing Spacer - Az. & El. Axis

17 Encoder Mounting Shaft - Azimuth Axis
18 Bearing Clamp - El. Axis
19 Worm Gear Shaft - Azimuth Axis
20 Thrust Bearing Plate - Azimuth Axis

21 Top Seal Plate Worm Gear Shaft - Azimuth Axis
22 Seeker Antenna Alignment Assembly
23 Seeker Antenna Horizontal Adjustment Plate
24 Seeker Antenna Vertical Adjustment Plate
25 Encoder Mounting Shaft - El. Axis
26 Hinge for Seeker Antenna Mtg. Bracket
27 Radome Mounting Ring
28 Lifting Button for Outer Frame
29 Screw Lock for Seeker Antenna Mtg. Frame

30 Worm Gear Mounting Shaft - El. Axis
31 Worm Gear Modifications
32 14" Radome Adapter Ring
33 Bearing Block and Motor Mounting Plate - El. Axis
34 Bearing Block Mounting Bracket - El. Axis
35 Worm Shaft - El. Axis
36 Worm Gear Shaft Spacer - El. Axis
37 Hinge Pin for Seeker Antenna Bracket
38 Shaft Coupling Motor to Worm
39 Micro-Switch Actuator and Mounting Plate
40 Counter Weight Mounting Blocks
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DRAWING LIST (CONTINUED)

Drawing No. Title l.

41 Counter Weight
42 Encoder Clamp Ring
43 Modified Set Screw for Centering of Inner Gimbal
44 Modification of Front Panel M68MMLCl Micro-Module
45 Modification of Back Panel M68MMLCI Micro-Module
46 Keyboard Assembly
47 Box for Keyboard
48 Key Mounting Board and Bracket p
49 Panel Modifications for Digital Readout

Cart for

Positioner

50 Lifting Hook Assembly for Radome Positioner
51 Lifting Hook Details
52 Threaded Plate for Lifting Hook

53 Retractor Mechanism Components for Radome Positioner
Removal Cart

Door
Removal

Cart

54 Modified Hand Truck for Removing Door of RFSS
55 Door Bottom Support Bracket

56 Door Clamp Screw Top
57 Door Clamp Top
58 Cap Support Bracket

59 Upright Support
60 Gusset Plate
61 Angle Support
62 Channel Support
63 Angle Stop

Electronics

64 M68MM01A-l Microcomputer Schematic
65 Parallel and Serial Interface Schematic for M68MMOIA-1
66 M68MM06 2k Byte Static RAM Board Schematic
67 M68MM03 16k Byte EPROM Board Schematic
68 M68MM03 32 Channel [/0 Board Schematic
69 I/O Buffer Board Schematic

70 I/O Buffer Board Parts Placement
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DRAWING LIST (CONTINUED)

Drawing No. Title

71 Keyboard Schematic
72 Motor Power and Direction Control
73 D/A Converter and Isolated Amplifier
74 Motor and Limit Switches Wiring
75 Motor Controller Panel Wiring
76 Microcomputer Power Supply Schematic
77 Main Chassis Wiring
78 Shaft Angle Encoder Cable
79 Motor to Controller Cable
80 Keyboard and Display Cables
81 Microcomputer Front Panel
82 Microcomputer Rear Panel
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Drawing 74. Motors and Limit Switches Wiring.
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00065 GOD 0001 PFLAGE BLOCK 1
00066 006E 0001 SFLAGA BLOCK I
00067 O06F OC01 SFLAGE BLOCK 1
0006a 0070 0002 TEPID BLOCK 2
00069 0072 0002 BCDVSR BLOCK 2
00070 0074 0002 FPTEL BLOCK 2
00071 0076 0002 FPTAZ BLOCK 2
00072 0078 COOl FFTELS BLOCK I
00073 0079 0001 FPTAZ'3 BLOCK 1
00074 C07A 0001 -'irOCIii" BLOCK I

*000-5 007D 0002 STAD~il BLOCK 2
00076 007D 0002 PFLAG BLOCK 2
00077 007F 0002 Pr.O#rwG BLOCK 2
00078 0081 0002 B I NANG BLCK 2
00079 0083 CO0--  SINE BLOCK 2
00080 0085 0002 COSINE BLOCK 2.
00081 0087. 0001 SSI.N BLOCK 1
00082 0093 0001 CSIGN BLOCK I
00083 0039 0001 #SAVI BLOCK 1
000,,4 00BA 0001 BINUPR BLOCK I
000 , 000n 0002 PELLIN BLOCK 2
00086 003D 0002 NELL I f'l BLOCK 2
00087 00B1 0002 FAZLIII BLOCK 2
00083 0091 0002 NAZLI' BLOCK 2
00039 0093 0001 !.,FLAGE BLOCK I
00090 C094 0001 LFLAGA BLOCK 1
00091 0095 0001 TTGFLG BLOCK 1
000,2 0096 0002 SAVEX2 BLOCK 2
0009- 0099 0001 o.-ARRY BLOCK I
00094 009 FSFI) EOU ODOR
00095 OOEO Q U.APD EQU OEOH
00096 8404 1DRA2 EQU 08404H ,IN 4 BITS OF DAC 01-AZINUI-
00097 805 CBA2 EQU 08405.
000911 24,06 ODRB2 EQTJ 08406H ;LS 8 BITS OF DAC #1-AZI -MM
00090 8407 CRB2 EQU 08407H.
00100 8o0 DUnA3 EQU 08800H ;MS 4 BITS OF DAC #2-ELEVATION ..-
00101 8rO1 CPR.LA3 EQTJ 03801H
00102 3802 D)RB3 EQU 08022H ;LS 8 BITS OF DAC #2-ELEVATIOI
00 10:1 2803 CPds3 EQU 080O3H
00104 0000 DISAZ EQJ 0000011
O0 105 00A )I SEL EQU 0900-AH
00106 BE03 PEBSEL EQU O8E03H
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TEI(TRUH 1: M16800 ASK V2.2 20; ~*
01000 26DM Bb3tFB LDA A PLUS :ANITR IS MINUS,
01009 26D3 9757 STA A AZ"EYS
01010 -6D5 201D BRA ST37-32 -.BRICH AROUND ADD ROUTINE
0!011 ;Z6!)7 9646 ST27BI LUA A AZBCD+1 %AZSIGN IS P!,:S, 1f) ADD
010!2 2609 91368 ADD A PrUtGB+ I
01013 26BB 19 DAA
01014 26DC 9754 STA A AZICEY+1 ;ENTER II? THIRD PO!'T'
01015 26DE 9645 LOA A AZBC.D
01016 2z6E0 9945 ADC A AZBCD
01017 26E2 I~ DAA
0 10 18 :zE3 9753 STA A AZKEY ;ENTER ITN T-11 MD Po INT
010119 26E5 9653 LDA A A Z K E' ;BEGIN RASTER. 7LIMIT TEST
01020 26E7 965-1 LDA A AZKEf+ I ;GET NE"T POINT
0102r 26S9 C!EO076 LDI N FPTAZ ;GZT END P 0l1iTF
01022 2CaEC 29D2AC4,l JSII DCDSUEB %NEXr POINT MINUS END POINT
01023 2GEF 71)009S TUST C HIR CECK F9R W ISH1 DOMTINAN1T
010-4 26172 2611) B?1E ST27.,- ;BP.VJCIES IF SCAN IS FMrISHElD
0 i02b! 2GF4 7CO07A ST2?B3 INC PIOIT INCREMIENT PIIO)GRAIN STAM;, COUrMiR
0 1 026 26F7 c67A LDA A PO.OCNT

*0102-7 '26 r9 8104 CHW A #0411l ! S THIS CALCJL.a~rnG 5Th POINT
01028 2oFD 2.6 11 BNJE gr271) ;BMANCHES IF -111S IS TRUJE
6 1029 -6FD 7rOO7A CLPR PIIOCNT -,IS CA1LALTIN4G 3J) POINT

*01030 70 7E20'37 ST27B3 JMP STO ; GO TO CONITROL. LOOP. E)TECT A RETURN
01031 2703 ""631FB .1727C L1)A A PO.IS ;CA'~AT'ES 4TM POINT
0 1032 2706 9758 STA A ELIC-7YS
01033 2708 7CO07A INC PRIOC14T ; INCREMN PnOGTIUM STATE COUNTER
01034 27013 713200q7 imp six ;GO TO CONTROL LOOP, EXi'ECT A RETURN
01035 Cq*OE 7132641 ST2'7D JNP S726B3

*01006 2711 7FO07D ST27E CLR PeLAG ;CLEAR PROGRAM FLAG
01037 2714 7E20117 Jimp STO ;GO TO CONTROL LOO.J. DO!(T CO~lrt BACK
01038
0 1 039 * BPEGIIT STATE TWENT11-!IGHTr, PAT7EMi'I NUMBER TIM17IE
01040 ENTER AIIGLEF LESS THAN 100 DEG9% -S TO SErARATE SCANS
01043 M ~ OMI3 WILL GENERATE 360 DEGII -.ES OF flA, TER SCANS
01042 * (1'LO1IFICATION 1. 1)
01043
01044 2717 7FO07F ST23 CLII PROA.NG IN ITIALTZE AN'LE CM>JNT' Il
010<5 271A 7F0059 CLR PIFLAG

*01046 2 71D) 7F0085 CLII c"SiNE ;INITIALIZE TWO-BY-17 VALUES
*01047 2720 7F00213 CLII 01. i,
*01048 2723 9C,65 LOA A PROGA ;GET ANGLE

01049 2725 9666 LOA B P7 t00A+l
01050 2727 54 1-631 B ;DIVIDE BY 100 I*
01051 2723 ~ ROll A
01052 -729 5A LSR B
01050 2;72A 46 ROR A
01054 27211 54 LS11 D
0 1055 272C 46 ROR A
010562729 54 LSP. B
01057 272E 46 TIOR A
01058 27-7 nD29EB JS. BCI)BIN ;CONVERT THIS BC7D VALUE TO BINARY
01059 2732 978! STA A BIIANG ;SAVE TWO-BYTE RESU3LT
01060 '2734 97C02 STA B BINAfTG4I
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TEKTRONIX IM6890 AS V2.2 PAGE 21

01061 2736 D)67D LDA B PFLAG :SET PROGRAVI FLAG
01062 2738 CEOOOO ST28A LDX 0000H ;CALCULATE POINT NUMBER OIE
0106a 273 IF53 STH AZKEY ;SEND POSITIONER TO ORIGIN
01064 273D DF55 STX ELKEY
01065 273F C62 LDA B #2B ;FIX SIGNS FOR PROPER QUADRANT
01066 2741 B757 STAB AZKEYS
01067 2743 D758 STA B ELKIYS
01068 2745 CE274D LDX #9T28B
01069 2748 DF7B3 STX STADDR ;SAVES RETURN ADDRESS
01070 274A 7E2087 JfP STO ;GO TO CONTROL LOOP, EXPECT A RETURN
01071 274D DE7F ST28B LDX PROANG ;CALCULATE POINT NWM]3ER TWO
01072 274F 8C0168 CPX #0168H ;CO.PARE TO 360 DEGREES
01073 2752 2847 BVC ST28D ;BP ANCHES IF PA'ITERN COMPLETED
01074 2754 BD2A2A JSR TRIGAD ;PA'I ER4 NOT FINISHED
01075 2757 DF.83 LDX SNE ;GET SIDE VALUE
01076 2759 8640 LDA A #40H ;GET AZI4X
01077 275B 5F Ct-'" B
01078 275C B9296D dSR BCD.MPY ;SINE (ANGLE) TIMES AZ AX
01079 275F 9753 STA A AZKEY ;SMT AZIMUTII DEST.1.1ATION
01080 2'761 D754 STA B AZKEY+ I
010U1 2763 DE65 LDX COSINE ;GET COSINE VALUE
01082 2765 6640 LDA A #40H
0108w 2767 5F CLR B
01084 2768 BD296D JSR 3DCDIPY ;COSINE (ANGLE) TIMES ELNAX
01085 276B 9755 STA A ELKEY ;SET ELEVATION DESTINATION
01086 276D D75C STA B ELIKEY+I
01087 276F D687 LDA B SSIGN ;GET SIGN OF SINE VALUE
0108 2771 1757 STA B AZIKYS
01089 2773 D681 LDA B CSIGN ;GET SIGN OF COSINE VA-LUE
01090 277Z- D758 STA B ELKEYS
01"091 2777 CE277F LDX oST28C
01092 277A DF7B STX STAT)DR STORE RETURN ADDRESS
01693 2V7C 7E20B7 .Ihp S Ilo ;GO TO CONTROL LOO?, EXPECT A RETURN
01094 277F D657 ST28C LDA B AZKEYS ;CALCULATE POINT 7TJTMER THREE
01095 2781 53 Coi B ;FIX AZIXIUTH SIGN
01096 2782 D757 STA B AZKEYS
01097 2784 D658 LDA B ELKEYS
01098 2786 5:1 COri B :FIX ELEVATION SIGN
01099 2787 D758 STA B ELKEYS
01100 2789 a67F LDA A PROANIG
01101 27811 P680 LDA B PROANG+ 1
01102 278D 1182 ,-,D B BINANG+1
01103- 27CF D780 STA B PROANG+I;UPDATE PROGRAPMD ANGLE
01104 2791 977F STA A PrIOANG
01105 2793 CE2738 LDX YST28A
01106 2796 DF7B STx STADDR ;SAVE RETURN ADDRESS
01107 2798 7E20B7 JP STO ;GO TO CONTROL LOOP. EXPECT A RETURN
01108 279n 7FO07D ST28D CLII PFLAG ;SCAN FINISHED, CLEAR PROGRAM FLAG
01109 279E 7E20117 Jip STO ;GO TO CONTROL LOOP, DONT RETURN
01100
01111 BEGIN STATE TWENTY-NINE, PATTER N, IIER FOUR
01112 . ENTERl RADIUS ( iN DECGtESS) OF CIRCLE
Oil IS . PROCPRAN WILL GENERATE ON1 CIRCLE WITH RADIUS A "
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TEKTILOfIIX ! 68u00 AS V2.2 PACE 2 &

014-3 "BCDBINI SUBROUTINE
01486 CONVERTS FOUR BINARY CODED DECT71AL DIGITS
01487 TO A BINARY EQUIVALENT. THE 3CD DIGITS ARE
01488 . PACKED TW3 PER BYTE. THE BINARY RESULrL'F
01489 * OCCUPIES TWO BYTES. THE BCD 3IGIT3 ARE LOADED
01490 ; INTO THE ACCA AND AfCB (?-ND TO ACCA) AND THE
01491 . BCDBIN SUBROUTINE !S CALLED. THE FOUTINE EXITS
01492 WITH THE BINARY RESULT IN ACCA AND ACCD.
01493 (ODiFICATION 1. 1)
01494
01495 29EB 9789 BCDBIN STA A SAVEI ;SAVE 2 I BCD VALUES
01496 29ED 7FOOBA CLR ,INUPR
01407 29F0 17 TBA
01498 29FI C40F AND B #OFH :SAVE ONLY LS BCD VALUE
01499 29F3 44 LSR A ;IOVE TENS BCD VALJ E OF ACCA
01500 2)F4 44 LSR A
01501 29F5 44 ISR A
01502 29F6 44 LSR A
01503 29F7 2705 TELP BErQ DOHUND ;GO DO HUN WMHN TEN I ZErO-
01504 29F9 CBOA ADD B ol0 ;ADrb TEN TO BINARY TOT.,
01505 29F 4A DEC A ;DECREMENT TETS DIGIT MrE
01506 29FC 20F9 DIW. TEIILP ;REPEAT UNTIL ZERO
01507 29FE OC ")HURD CLC ;IESET CIRY -
01508 29FF 9689 LDA A SAVEI ;GET HUN AND t1iOJ DIGIT
01509 2A01 840F AND A #OFII ;SAVE ONLY HU"! DIGIT
01510 2A03 270A HTUNLP BEQ DOTHOU ;GO Do THOU IF HIM IS ZERO
01511 2A05 CB64 ADD B o9oo ;ADD 1003 TO BINA-RY VALUE
015 12 2A07 2403 BCC H11N00
01513 2A09 7CO0OA INC BJNUPR ;ADD 256 TO 11IT UPPER VALUE
01514 2AOC AA MNOO DEC A .DECREMENT U-T DIGIT OND
015 5 ZAOI) 20F4 BRA HJNT.,P ;REPEAT UNTIL ZERO
01516 2AOF 9689 DO THOU LDA A SAVEI ;GE'" ThOU DIGIT
01517 2All 44 LS1 A ,IOVE THOU ECD VALUE TO-
01518 2A12 44 LSR A ;LOWhER F0UR BI,'S 4' ACCA.
01519 2A13 4-, LSR A
0 1 20 j A 1 4,4 LSR A
01521 2A15 9789 STA A SAVEI ;SAVE THOU DISIT
01522 2A17 2604 NE TTIOUQO BRANCI IF T],Ot DIGIT !S ZERO
01523 2A19 968A LDA A BfNtTR ;GET BINARY UPPER VA!,US
01524 2AiB 2'00C DIIA XI'IMiN
01525 2AJD 968A TRIOUO0 LIDA A BINUP12. ;GET BINARY UPPERI VALUE
01526 2AIF OC THOULP CLC :RESET CAPRY01527 2-A"0 cP,'o -D n"' .

,,ADD B #22 :ADO 232 TO PTN.RY LOfR
01520 2,'2 8903 ADC A #;)nT-I ;.kn') 768 TO B NARY UPPER
01529 2A2 7A0089 DEC SAVEI ;DEiREUIENT TH;JU DIG!T
01530 2A27 26F6 CNE TITOMTP ;REEAT UNTIL THOU DIGIT ZERO
01531 2A29 39 XITBIN RTS
01532
015-3 n "TUIGAD" S10ROUTINE
015,4 . SCALES ANGLE TO BET''EN 0 TM ND A- DIGVE 9
015 . FINDS SINE ANT) CQSI I ' 0ANL"
0153'J RETURNS WT, TT. ,ST'T.T IN ACCA (iNE) .tND ACCB (COSIN'E,)
015.7 NfT)I C N"' 6 '1
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IT K11ON I X N6800 A V2.2 PAGE 32

01644 2AC7 A1O0 CNP A O,X
01645 2AC9 2210 BIII ,V.m TB
01646 2ACB 2v.04 BNE S11AP
01647 2ACD ElO1 CIEP B IX

* 01648 2ACF 220A DIIi S'JBT
01649 2Afl1 37 SI'AP P511 B ".4%
01650 2AP2 36 PSH A
01651 2ADJ 7A0093 DEC CARRY
01652 2AD6 -A600 LDA A 0..X
01653 2A .E601 LDA B 1,K
01054 2ADA 30 ToX ,

• 01655 2A)B 9736 SUBT STA A TMPWA
0165f, ZADD 1I377 STA B TIPIB
01657 .ADF 869) LDA A 09H
01653 P AE21 16 TAB
0 1659 2,A-" A') 1 SbU A 1, X
01660 "AE4 E000 SUB B 0,X
01661 2AE6 0D SEC
01662 2AE7 9937 ADU A TEZIIlB
01663 2AZ9 19 DAA
01664 2AEA 36 PSH A

- 01665 2AEB 17 T1A
01666 2,EC 99"6 ADC A T'2IPA
.01667 2AEE 19 DAA

*01668 2AEF 33 PUL B
01669 2AFO 7D0098 TST CARRY
01670 2AF3 2702 BEQ BACK
01671 2AF5 31 IiNS
01672 2AF6 31 INrs
01673 2AF7 39 BACK RTS
01674
01675 . "SHAEINC" SUBROUTINE
01676 ROUTINE THAT TAKES CARE OF BEADING SHAFT ANGLE ENCODERS
01677
01673 2AF6 MMEOl SHAENC LDA A ISBS/L7A ;REAIDS AZINUT-I ANGLE
01679 2AFB F63EO0 LDA B L3BSAZ
016,0 2AFE 973, STA A D1MBETIC ;STORES .ANGLE IN TIrIPORARY LOCATION
01631 ZP.')O D739 STA B L.Z NC
0160.1- 302 581 ASL B ;SCALE DAC OUTPUT BY A FACTOR OF 2
0168"3 2110 49 RO, A
01634 o 204 078j04 STA A DDI.A2 ;OUTP-f IS 4 BITS OF AZ TO DAC
016C5 2B07 FMO406 STA B DDRB2 ;OUTPUT LS 8 BITS OF AZ TO DAC
01686 "BOA 9638) LDA A NSBr'NC ;GET OLD A AND B
01687 213C D639 LDA B LO.BENk
0163 21ME CE3PO! LBX ')IVIso
0139 21!11 BD2JAE JIt DIVIDE ;DIVIDES ANGLE BY THE CONSTANT 14.912
01690 2D14 CE0045 LPC 'AZBCD
01691 2B17 DD2C3ID JSR BINBCD ;RETURNS WITH A PACED BCD NUflBER
01-)9() 1A -6 Psi A
0 1693: -B1 37 PSI 1I

0169., . ADDITION TO "SHAEnE" SUBYVOUTINE
. 01696 " CHECKS BOTH PO5 AND NG A7!tniJTH LIMITS
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l1'ITNIX ?680 ASK V2.2 PAGZ 35

01804 2BE!) A92 AD :ZIO ADDS KEYCODE TO INDEX REGISTETI
01805 28F' D729 STA B T~wlX
01804 2BF3 972A STA A TEMFX+1
01807 2B1'5 DE29 JJ)X TEI'IPX ; UPDATES INDEX' P.EGISTER
018 2BF- 4~636 LPA A TEKPA
01809 2BF9 3~9 R
01810
01811 "UP " ROTT1INE
0 18a12 1 INSTRUCTS El. l1OTeR TO GO UP (ccw)
0 1813
01314 2BFA 9650. 1W LDA A SPrZDE
01813 2DYC C600 !,DA B3 -. 1001
01816 211FE B012DE2 .siSR ZoTirl,
01817 2C01 7E2087 JIB'l STO
01818
01819 * 'ON OTN
01820 . INSTRITCrS, El MOTOR TO GO DOWN (CW)

01822 2CO4 965C TOW LDA A S1'ELEE
01023 2C 06 06FF LDA B .IF
01824 2CJO B02DEn .Js11 MITEL,
0182~5 20nf 7E2OB7 .JlIP STO
0182'6
0I827 n LEFT" ROUTTW
0 18 Wf I NSTRUCTS AZ. M OTOR TO GO LEFT (CCV)
089
01830 2C03 965B LE7T L1PA A S?EEDA
01831 20.10 0600 LDA B #00~1H
010:32 20 I221Z' JI1NOA
018030 2C15 7F,2158 Jtip 3T 0
01834
01835 U PGFIT* IiTJlTIME
018W-6 . INSTRtUCTS, AZ. 1'ITOR TO GO RIGHT' (Cli)
01837
01103'- 2C10 965C 1UIGUT LDA A SP1EEDA
0183~9 2C 1,4 C6FF LDA 13 -*.1'il
01834( 2010 CB927P36 .ISR NiY)TIZ
01841 Only 7E215a ill s7)E
01842
01843 ."ASCDIS" SjUBRq~T1jjE
01844 . DIS1PLAYS ACN'I~ I !SG. ON DISPLAY PAffEL
018413, INDEX REG. WAS STARTING AM)DRESS OF nTSG.
01a46
01&47 2C21 DF49 ASCIDIS STX~ IX
018481 2C24 CEOOOO LO!" 6 Qg\;019
01849 2C2 - 1)F-1B TX TL? I,,=
*01"54) 2C29 DE4'" OVER LDIN TEr??YXI
01851 2C02B A600 LUAe A 0.X'*
01852 2c21) 08 INX
to'85.1 2 23E DF49 SmI Tl'*."!P~(

0i854 2C030 'W14T JJ)x TW";
01855 2C312 A706 STA A 0>
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TEIrI I rix N6300 ASH V2.2 PAGE 46

02370: ASC I I COPNAI&D TABLE
02379
02330 2F92 30313233 CHART13 ASCII "01234-06789"
0208-0 M96 335-3637
02380 2F9A 3839
02381 2,F9C 4454C52 ASC I I "..TJT.PEPS. -"
0238! 'A3 "145Z053
02001 2;'A4 2E 2D"
02302
023/ ; BEGIN TRIG. TA3BLE FOR SIlr- AND COSINE VALUES
02304 * TIESE VALUES A7,'E BETWEEI 0-90 DEGR!EES.
02335 (MODIFICATION 1.1)
023
023C7 2FA6 00990199 TRIGTI, BYTE 001,99., 0111,99H1, 031,99H. 053R,99H, 0711,99H
0237 2FAA 03990599
¢02387 2:FAE 0799
023Un 2F,0 08991099 BYTE 38,09H, 101,9911, 12,.9911, 1H.99H, 1511,9SH
023Z8P 2:,M4 12991399
023M2 2F13 1590
02389 2FBA 17981998 BYE 71,9311. 101H,96, 209,971. 2211,97H, 24H.97H

9 023L92FrE 209722 97
02.23) FC!2 2497

02390 2FC4 25962796 DYTE 25H,90.11, 27H,967, 2911,95H, 301T,9511, 3219,94R1
02390 2FCC 29958095
02890 2FCC 3294
02391 2FCE 34943593 BYTE S4H,94H, 35H,93H, 3711,921t, 3911,92n, 401H,9111
02391 ZFD2 -7792-39-
02391 2.FD6 409 1
02^92 2FP3 42904389 BYTE !-2E ,9()1, 4311,89., 45TI,89H, 4611,88H. 48H,8711
02292 ::FDC 45.94688
02292 2FEO 0-7
029:1 27E2 500531CS BYTE 3011,161, 511,4,5, 533, 3411, 5411,8311, .,2 -

02393 2FEf, 53-04-54,33.'
02393 2iZEA 5532
02394 2FEC 576,5830 BYTE 57H,811, 5311,80-1, 6011,t91, 6111,711, 6211,7711
02^9: -rTo 60'7961703
02394 12F" 1 '.7"
023'G 2-rF6 6e,766575 BYTE 641-1,Th, 6,75.1, 66il,74H,, 68!I,73H, 6911,,111
02395 FFA -674.7,
0239; 2VF* 69""
029- ;Y;0.) 7070716' BYTE 703,7011. 7111,6911, 73-1,6012, 7411,6611. 751I,o51-
0296 0004 736374,66
02396 -03 7565

j 02397 300A 76647762 BYTE 76H.64,11, 7711,6211, 7811,6111, 79,-,60H, 3011.5611
02397 30)02 70"15 1 7960)02f97 0 12 C958
* -#X9r ,ul6 bI73255 0Y- 3111,5711, 321,55H, 8311,1411, 8411,5311, 8511,5111

02390 301, 8543453
0209.1 C0C .i511 I
02099 201E >:,0374P, BYTE a6F,5011, 8711,481, 83'I,46fl, 8911,451T. 3911,43H

.1399 2 h ., W .:, 4-115 ;
02899 . 02v. 3')4.2 .:

02-400 3028 9042"140 BYTE 90H,4221. 9111,40f. 92%1.3911, 9211.37H. 93!1.:,1i-'
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02400 302C 92a99237
02400 3030 9335
02401 3032 94349432 BYTE 94H,34H, 94H,32H, 95H,30H, 95H,29H, 96H,27H
02401 3036 95309529
02401 303A 9627
02402 303C 96259724 BYTE 96H,23, 97H,24H, 971,221, 9711,20H. 98,1911
02402 3040 97229720
02402 3044 9819
02403 3046 98179815 BYTE 981, 17H, 981,.151, 991,131, 991,1211, 99H,IOH
02403 304A 99139912
02403 304E 9910
02404 3050 99089907 BYTE 99H,0811, 9911,071, 9911,0311, 9911,031, 99H,0IH
02404 3054 990C9903
02404 3058 9901
02405 305A 9900 BYTE 991,0011
02406
02407 BEGIN TABLE FO MESSAGES
02408
02409 305C 454E5452 MG1 ASCII "ENTTIELEVATION AGLE"
02409 3060 20454C45
02409 3064 56415449
02409 3068 4F4E2041
02409 306C 4E474C45
02410 3070 454E5445 M1C2 ASCII "ENTER AZIMUrH ANGLE-w
02410 3074 5220415A
02410 3078 494D5554
02410 307C 4820414E
02410 3080 474C452D
02411 3084 20202020 MSG3 ASCII
02411 3088 20202020
02411 308C 20202020
02411 3090 20202020
02411 2094 20202020
02412 3098 4552524F MSC4 ASCII "ERROR..INVALID ENTRY"
02412 309C 522E2E49
02412 30A0 4E56414C
02412 30A4 49442045
02412 30A8 4E545259
02413 30AC 5241444F NS05 ASCII "RADOE POS. READY...'
02413 30B0 40452050
02413 3064 4F532E20
02413 3018 52454144
02413 3OBC 592E2E2E
02414 30C0 415A494D MS6 ASCII "AZI !UTH
02414 30C4 55544620
02414 30C8 20202020
02414 30CC 20202020
02414 300 20202020
02415 3014 45 C4556 P!5G7 ASCII "ELEVATION
02415 30D 4154494F
02415 30DC 4t202020
02415 30EO 20202020
02415 30E4 20202020
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TFXfRONIX M6d00 AS V2.2 PACE 48

02416 30E 414E474C NS~C ASCII mANGLE TOO LARGE .....
02416 30EC 4520544F OF
02416 30FO 4F204C41
02416 30F4 5247452E
02416 30F8 2E2E2E2E
02417 30FC 454ES445 M9G9 ASCII "ENTER PROGRAM NIUMBER
02417 3100 52205052
02417 3104 4F475241
02417 3108 4D204E55
02417 310C 4D424552
02418 3110 50524F47 MSG,1 ASCII "PROG ODENTER

, 02418 3114 20203A45
02418 3118 4E544552
02418 ,11C 20202020
02418 3120 2320-020

'4 02419 3124 504F5349 SGll ASCII 'POSITIONER HALTED '

02419 3128 54494F4E
02419 312C 45522048
02410 3100 414C0445
02419 ;134 44202020
02420 3136 54434520 MSG12 ASCII "TE GA. TECH-RFSS 
02420 310; 474 1E20
02420 3140 54454348
02420 n144 2D524653
02420 3148 53202020
02421 314C 5241444F NEGIS ASCII "RADOE POSITIONER i
02421 3150 4D452050
02421 3154 4F534954
02421 3158 494F4E45
02421 315C 52202020
02422 3160 20201020 MS014 ASCII VERSION 1.1 "
02422 3164 20564552
02422 3168 53496F4E
02422 316C 20312E31
02422 3170 20202020
02423 3174 414E474C M01G5 ASCII "ANGLE LIMIT EXCEEDEDN
02423 3178 45204C49
02423 317C 4D495420
02423 .3180 45564345
02423 3184 45444544
02424 3188 4E454720 1MS 16 ASCII "NEG EL LIMIT
02424 318C 454C204C
02424 3100 494D4954
02424 3194 20202020
02424 3198 20202020-
02425 31C 504F5320 EG17 ASCII "POS EL LIMIT
02425 CIAO 454C204C
02425 31A4 494D4954
02425 31A8 20202020
02425 31AC 0202020
02426 3110 4E454720 MiSGIB ASCII "NEG AZ LIMIT
02426 31D4 4154204C
02426 311B 494D4954
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02426 31BC 20202020
02426 31C0 20202020
02427 31C4 504F5320 SGI9 ASCII 3POS AZ LIMIT
02427 31CO 415A204C
02427 31CC 496D4954.
02427 31DO 20202020
02427 31D4 20202020
02428 3108 56414C49 WG20 ASCII "VALID COMMAND RCVED "
02428 3IDC 4420434F
02428 31EO 4D4D414E
02428 31E4 44205243
02428 31Et8 36454420
02429 ;'.
02430 BEGIN ROMN CONSTAI"S

02431
02432 31EC 2710 KIOK WORD 10000
02433 31EE 03E WORD 1000
02404 31FO 0064 WORD 100
02435 31F2 OOOA WORD 10
02436 31F4 0001 WORD I
02437 31F6 4010 LIMIT WORD 04010H
02438 JIF8 3A40 DIVISO WORD 03A409
02439 31FA 2D TiINUS BYTE 02D.
02440 31FB 2B PLUS BYTE 02BH
02441 31FC 20 BLAIK BYTE 020H
02442 31FD 27 DEGMAR BYTE 027H
02443 31FE 2E POINT BYTE 02EII
02444
02445 BEGIN STATE TABLE ADDBESSES
02446
02447 31FF 2282 SPO WORD 8T5 ;KEY 0
02448 3201 2282 WORT) ST5 -,KEY I
02449 3203 2282 WO-D ST5 ;KEY 2
02450 3205 2282 WORD ST5 ;IY 3
02451 3207 2282 WORD ST5 ;KIY 4
02452 3209 22132 WORD ST5 ;KEY 5
02453 320B 2282 WORD ST5 ; KEY 6
02454 320D 2282 WORD tST5 ;KrY 7
.02455 320F 282 WORD IST5 ; KEY 8
02456 3211 22&2 WORD ST5 ;c:KY 9
02457 3213 21D)6 WORD STI ;KEY DOWN
02458 3215 2201 WORD ST2 ;KEY UP
02459 3217 222C WORD ST3 :KEY LEFT
02460 3219 2257 WORD .T4 ;KEY RIGHT
02461 321D 22A2 WOPd) STIO ;IMY SET AZ
02462 3210 22CE WORD STII ;KEY SET EL
02463 321F 243F WORD ST2o ;KEY PRCG
02464 3221 23F9 WORD STJ9 ;KEY START/STOP
02465 322f, 2282 WORD ST5 IEY DEC IMAL POINT
02466 322. 2282 WORD STS :KELY MINUS SIGN
02467 3227 22FA SPIO NORD STI2 :0
02468 3229 22FA WORD ST12 0
02469 322B 22FA WORD -T12 -2
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- 02470 3229 22FA WORD STI2 ;3
02471 322F 22FA WORD ST12 ;4 1-

02472 3231 22FA WORD ST12 ;5 L
02473 3233 22FA WORD ST12 ;6
02474 3230 22FA WORD ST12 ;7
02475 3237 22FA. WORD ST12 ;8
02476 3239 22FA WORD ST12 ;9
02477 323B 22G2 WO1,4 ST5 ;DOWN
02478 323D 2282 WORD ST5 ;UP
02479 323F 2854i WORD ST32 ;LEFT
02430 3241 286F WORD ST,.3 -RIGHT
02481 3243 22A2 WORD STIO ;SET AZ
02482 3245 22CE WO."D STll ;SET EL

* 0248, 3247 243F WORD . ST20 ;PROG
02484 3249 2037 WORD STO ;START/STOP
02485 324B 2382 WORD ST16 ;DECIMAL POINT
02486 326D 2322 WORD ST13 ;hINUS SIGN
024a7 324F 22FA SPiI WOW) ST12 ;0
02489 3251 n2FA WORD ST12 ;I
02489 3253 22FA WORD ST12 .2
02490 3255 22FA WORD STI2 ;3
02491 3257 22FA WORD STI2 ;4
02492 3259 22FA WORD ST12 ;5
02493 j25B 22FA WORD 5T12 ;6
02494 325D 22FA WORD ST12 ;7
02495 325F 22FA WORD ST12 ;8
02496 3261 22FA WORD ST12 ;9

- 024co7 3263 27F6 WORD ST3O ; DOWN
02498 3265 2829 WORD ST31 ; UP
02499 3267 2282 WORD ST5 ;LEFT
02500 3269 2282 WORD ST5 ;RIGHT

- 02501 326B 22A2 WORD STIO ;SET AZ
' 02502 326D 22CE WORD STII ;SET EL

02503 326F 243F WORD ST20 ;PROG
02504 3271 20B7 WORD STO ;START/STOP
02505 3273 2382 WORD STI6 ;DECIMAL POINT
02506 "275 2322 WORD STI3 ;HINUS SIGN

- 02507 3277 2361 SPI2 WORD STAG ;0
- 02508 3279 2361 WORD ST15 ;1
" 02509 327B 2361 WORD STI ;2

02510 327D 2361 WORD ,T15 ;3
02511 327F 2361 WORD ST15 ;4
02312 3231 2361 WORD ST15 ;5
02513 32 0" 2361 WORD ST15 :6
02514 3285 2361 WORD STI5 ;7
02515 3287 2361 WORD STI5 ;8
02516 3289 2361 WORD STI5 ;9
02517 3288 2282 WORD ST5 ;DOWN
02518 323D 2282 WORD QT5 ;UP
02519 32OF 2282 WORD ST5 ;LEFT
02520 3291 2282 WORD ST5 ;RIGHT
02521 3293 22A2 WORD ,Tl0 ;SET AZ
02522 3295 22CE WORD STII ;SET EL

1
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TEXTRON IX 11,0 AMu V2.2 PACE 51

62523 3297 243F WORD 8'20 ;PROG
02524 3299 20B7 WORD STO ;START/STOP
02525 329B 2382 WORD STI6 ;DECINAL POINT
*2526 3290 2282 WORD ST5 ;M[NUS SIGN
02527 329F 2340 SPI3 WORD ST14 ;0
02528 32AI 2340 WORD ST14 ;I
02529 32A3 2340 WORD STI4 ;2
02530 32A5 2340 WORD ST14 ;3
02531 32A7 2340 WORD STI4 ;4
02532 32A9 2340 WORD ST14 ;5
02533 32AB 2340 WORD ST14 ;6
02534 32AD 2340 WORD ST14 ;7
02535 32AF 2340 WORD ST14 :8
02536 321 2340 WORD STI4 ;9
02537 32B3 2282 WORD ST5 ;DOWN
02538 3215 222 WORD ST5 ; UP
02539 327 2282 WORD ST5 ;LEFT
02540 32119 2282 WOR. ST5 ;RIGHT
02541 32BD 22A2 WORD STIO ;SET AZ
02542 32B1) 22CE WORD ST1 1 ;SET EL
02543 32BF 243F WORD ST20 :PilOG'
02544 32C1 20117 WORD STO ;START/STOP
02545 32C:l 2382 WORD ST16 ;DECIIAL POINT
02546 32C5 2282 WORD ST5 ;NHIIUS SIGN

02547 32C7 2361 SP14 WORD ST15 ;0
02548 32C9 2361 WORD STI5 ;1
02549 32CB 2361 WORD ST15 ;2
02550 32CD 2361 WORD STI ;3
02551 32CF 2361 WORDh STI5 ;4
02552 3201 2361 WORD STI5 ;5
02553 32D3 2361 WORD irTIS ;6
02554 32D5 2361 WORD STI3 ;7
02555 32D7 2361 WORD STI5 ;a
02556 32D9 2361 WORD STI ;9
02557 32DB 2282 WORD ST5 ;DOWN

02558 32DD 2282 WORD ST5 ;U1.
02559 321)F 2282 WORD ST5 ;LEFT
02560 32EI 2202 WORD ST5 ;RIGHT

02561 32F.3 22A2 WORD STI ;SrT AZ
02562 32E5 22CE WORD ST11 ;SET EL

02563 32E7 243F WORD ST20 ;Pn10G
02564 32E9 20B7 WORD STO ;s'TART/SToP
02565 32EB 2382 WORD 8"16 ;DECINAL POINT
02566 32ED 2282 WORD ST3 ;NINUS SIGN
02567 32EF 2290 SP15 WORD ST6 ;o
02568 32F I 2290 WORD !"T( )o
02569 32F3 22' 0 WORD ST-6 ;2
02570 '2F5 2290 WORD ST6 ;3
02571 32F7 2290 WOW.D ST6 ;4
02572 32F9 2290 WORD 6T6 ;5
02573 32FB 2290 WORo .f'f6 6

02574 32FD 2290 WORD ST6 ;7
02575 32FF 22')0 WORD 5T6 ;8,.

,°..
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02576 3301 2290 WORD ST6 :9
02577 3303 2282 WORD ST5 IDOWN
02578 3305 2282 WORD ST ;UP
02579 3307 2282 WORD ST5 ;LEFT
02580 3309 2282 WORD ST5 ;RIGPr
02581 330B 22A2 WORD STI ;SET AZ
02582 330D 22CE WORD STII SET EL
02583 330F 243F WORD ST20 :PROG
02584 3311 2097 WORD STO ; START/STOP
02585 3313 2382 WORD ST16 ;DECIMAL POINT
02586 3315 2282 WORD ST5 ;NINU: SIGN
02587 3317 239E SP16 WORD ST17 0
02588 3319 239E WORi ST17 ;1
02589 331B 239E WORD ST17 ;2
02590 ID 239E WORD ST17 ;3 .
02591 331F 239E WORD ST17 ;4
02592 -321 239E WORD ST17 ;5
025ID3 3323 239E WORD ST17 ;6
02594 3325 239E WORD ST17 ;7
02595 3327 239E WORD ST17 ;8
02596 3329 239E WORD ST17 ;9

02597 332D 2282 WORD ST5 ;UP

02599 302F 2282 WORD ST5 ;LEFT
02600 3331 2282 WORD ST5 ;RIGRT
02601 3333 22A2 WORD STIO :SET AZ
02602 3335 22CE WORD STII ;SET EL

- 02603 3337 243F WORD ST20 ;PROG
02604 3339 20B7 WORD STO ;START/STOP

" 02605 3338 2282 WORD ST3 ;DECIMAL POINT
02606 333D 2282 WORD ST5 ;MINUS SIGN

* 02607 333F 2282 SPIT WORD ST5 ;0
02608 3341 2282 WORD 19T5 ;1
02609 3343 2282 WORD ST5 ;2
02610 3345 2282 I-TORD STr ;3
0261' 3347 2282 WORD ST5 ;4
02612 3049 2282 WORD ST5 ;5-
02G13 n34B 2282 WORD ST5 ;6

' 02614 334D 2282 WORD) ST5 ;7
02615 334F 2282 WORD STh :8
02616 3351 2282 WORD ST5 ;9
02617 3353 2282 WORD ST5 ;DOWN
.02618 3355 2282 WORD ST ;UP
02619 3357 2282 WORb ST5 ;LEFT

• 02620 3359 2282 WORD ST5 ;RIGHT
• 02621 325B 22A2 WORD STIO ;SET AZ"

02622 333D 22CE WOr) -TI 1 ;SET EL
02623 335F 243F WORD ST20 ;PPROG
02624 3361 23ED WORD ST18 ;START/STOP
02625 3363 2282 MORD ST5 ;DECITAL POINT
02626 3365 2282 WORD ST5 ;MINUS SIGN
02627 3367 2282 SP20 'WORT) ST5 O
02628 3369 2469 WORD ST21 :1
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02629 336B 2469 WORD ST21 12
02630 336D 2469 WORD ST21 ;3
02631 336F 2469 WORD ST21 :4
02632 3371 2282 WOPD ST5 ;5-
02633 3373 2282 WORD ST5 ;6
02634 3375 2282 WORD ST5 ;7
02635 3377 2282 WORD STh ;a
02636 3379 2282 WO'u) ST5 ;9
02637 337 2282 WORD ST5 ;DOWN
02638 337D 2282 WORD T511 ;UP
02639 337F 2282 WORD ST5 ;LEFT
02640 3381 2282 WORD ST5 ;RIGT "
02641 3383 22112 WORD STIO ;SET AZ
02642 3385 22CE WORD ST1I ;SET EL
02643 3387 243F WORD ST20 ;PROG
02644 3389 20B7 WORD STO : START/STOP
02645 338B 2282 WORD ST5 ;DECIMAL POINT
02646 338D 2282 WORT ST'3 ;MINUS SIGN
02647 338F 2489 SP21 WORD ST22 ;O
0264a 3391 2489 WORD .112 2 ;1
02649 3393 2489 WORD ST22 .2
02650 3395 2489 WORD S'T22 ;3
02651 3397 24Z9 WORD ST22 :4
02652 3399 2489 WORD S2.2 ;5
02653 339B 2489 WORD ST22 6
02654 339D 2489 WORD ST22 ;7
02655 339F 2489 WORD ST22 ;8
02656 33A1 2489 WORD ST22 ; 9
02657 33A3 2282 WORD S'5 -.DOWN
02658 33A5 2282 WORD ST5 U5p.
02659 33A7 2282 WORD ST5 ;LEFT
02660 33A9 2282 WORD S15 :RIGT"
02661 33AB 22A12 WORD STIO ;SET AZ
02662 33AD 22CE WORD STIl ;SET EL
02663 33AF 243F WORD ST20 ; PROG
02664 33B1 20B7 WORD STO ;START/STOP
02665 3383: 24CB WORD ST24 ;DECIMAL POINT
02666 33115 2282 WORD ST5 -HINUS SIGN
02667 33B7 24AA SP22 WORD ST23 ;0
02668 33B9 24AA WORD ST23 ; I
02669 33BB 24AA WORD ST23 ;2
02670 33BD 2 e, WORD ST23 ;3
02671 33BF 24AA WORD ST23 ;4
02672 33C1 24AA WORD ST23 -.5
02673 33C3 24AA WORD ,T23 ;6
02674 33C5 24AA WORD ST23 :7
02675 33C7 24AA VORI-D ST23 a a
02676 33CC 24AA WORD ST23 ;9
02677 33CB 2282 WORE) ,T5 ; DOWN
02678 33CD 2282 WORD :ST5 ; IP
02679 33CF 2282 WORD ,T5 -,LEFT "
02680 331?1 2282 WORD ST5 ;RiGHT
02681 33D3 22A2 WORD STIA ;SET AZ
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02682 331)5 22CE WORD ST1 I SET EL
02683 331)7 243F WORD me20 ;PROG
02684 3319 2037 WORD STO ;START/STOP
02683 33DB 24CB WORD ST24 ;DECINAL POINT
02686 33DD 2282 WORD S'TI aMINMS SIGN
02687 33DF 2290 SP23 WORD ST6 ;0
02680 ,3E1 2290 WORD ST6 ;I
02689 33E3 2290 WORD ST6 ;2
02690 J3F5 2290 WORD ST6 ;3
02691 33E7 2290 WOr.D ST6 .4
02692 33E9 2290 WORD ST6 ;5
02693 33EB 2290 WORD ST0 ;6
02694 ;03FJ) 2290 WORD, ST6 ;7
02695 ,'.EF 2290 WORD ST6 ;8
02696 33FI 2290 WORD ST6 ;9
02697 3--F3 2282 WORD ST5 ;DOWN
02698 33F5 2282 WORD ST5 ;UP
02699 33W7 2282 WORD ST5 ;LEFT
02700 33F9 2282 WORD ST5 ;RIGHT
02701 33FB 22A2 WORD STIO ;SET AZ
02702 33FD 22CE WORD STII ;SET EL
02703 j3FF 243F WORD Sr20 ;PROG
02704 3401 20B37 WORD STO ;START/STOP
02705 3403 24CB WORD ST24 ;DECIMAL POINT
02706 3405 2282 WORD ST5 ;MINUS SIGN
02707 3407 24E7 SP24 WORD S72.5 ;0
02708 3409 24E7 WORD ST25 ; I
02709 340B 24E7 WORD ST2S : 2
02710 340D 24E7 WORD ST25 ;3
02711 340F 24E7 WORD ST25 -.4
02712 2.tl1! 24E7 WORD ST25 ;5
02713 3413 24E7 WORD ST25 ;6
02714 3415 24E7 WORD S3T25 ;7
02715 3417 24E7 WORD ST25 ;8
02716 -419 24E7 WORD st23 .9
02717 341 2282 WORD ST5 ;DOWN
02710 341D 2282 WORD ST5 :UP

. 02719 341F 2282 WORD ST5 aLEFT
02720 3421 2282 WORD ST5 ;RIGHT
02721 3423 22A2 WORD STIO ;SET AZ
02722 3425 22CE WORD STI1 ;SET EL
02723 3427 243F WORD ST20 ;PPJ)C
02724 3429 20B7 V'"RD STO ;START/STOP
02725 3420 2282 'WRD STS ;DECIMAL POIT
02726 342D 2282 WORD • iT'5 ;MINUS SIGN
02727 342F 2282 SP25 WORD STh :o
02728 3431 2282 WORD STh 1 !
02729 3433 2282 WORD ST5 :2
02730 3435 2282 WORD ST5 ;3
02731 3437 2282 "WORD ST5 ;4
02732 3439 2282 WORD STS .5
02733 343B 2282 WORD ST5 :6
02724 343D 2282 WORD STJ ;7

.+'
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02735 343F 2282 WORD STS ;a
0-2736 3441 2282 WORD STS ;9
02737 3443 2282 WORD ST5 ;DOWN
02738 3445 222 WORD ST5 % UP
02739 3447 2282 WORD ST5 ;LEFT
02740 34.49 2282 WORD ST5 ;RIGHT
02741 344B 22A2 WORD STIO ;SET AZ
02742 344D 22CE WORD ST1 ;SET EL
02743 344F 243F WORD ST20 ;PpOG
02744 3451 2578 WORD ST00 ;START/STOP
02745 3453 2282 WORD ST5 ;DECIMAL POINT
02746 3455 2282 WORD ST5 ;HINUS SIGN
02747 3457 28C SP30 WO.D ST34 :0
02748 3459 28C0 WORD ST3M4 ; 1
02749 345B 28C2 WORD ST34 ;2
02750 345D 28C2 WORD ST34 ;3
02751 345F 28C02 WORD STS4 :4
02752 3461 2,C2 WORD ST34 ;5
02753 3463 282 WORD ST34 ;6
02754 3465 2BC2 WORD 5T34 .7
02755 3467 28C2 WORD ST304 ;8
02756 3469 2802 WORT) ST34 ;9
02757 346 27F6 WORD ST30 ;DOWN
02758 346D 2829 WORD ST? I -.UP
02759 346F 285C WOR)) ST32 ;LEFT
02760 3471 288F WORD ST33 ;RIGHT
02761 3471 22A02 WORT ) STIO ;SET AZ
02762 3473 22CE WORD STII ;SET EL
02763 3477 243F WORD ST20 ;PROG
02764 1479 20B7 WORi STO ;START/STOP
02765 347 2904 WORD ST36 ;DECIMAL POINT
02766 347D 2282 WORD ST3 ;NINUS SIGN
02767 347F 28C2 SP31 WORD ,3T34 ;0
02768 3481 28C2 W(GRD ST34 ; 1
02769 3483 28C2 WORD ST34 ;2
02770 3485 2CC2 WORD ST34 ;3
02771 3487 28C2 WORD S T34 ;4
02772 3489 2802 WORD ST34 :5
02773 348B 28C9 WORD ST34 ;6
02774 348D 28C2 WORD ST34 ;7
02775 348F 2802 WORD STJ4 ;p
02776 3491 28C2 WORD ST34 ;9
02777 3493 27F6 WORD ST3O ;DOWN
02778 3495 2620 WORD ST3 1 ;UP
02779 3497 285C WOR.D ST32 ;LEFT
02780 3499 288F WORD ST3 ;RIGHT
02781 349B 22A2 WORD STIO ;SET AZ
02782 349D 22CE WOa) ,q'l 1 ;SET EL
02783 349F 240F TOP,0) ST20 ;PROG
02784 34A1 2017 IlORD STO ; START/STOP
02735 34A3 2904 WORD ST36 D1CIlAL POINT
02786 34A5 2282 1lORD ST5 ;MTNUS SIGN
02787 14A7 2P8'02 RP32 WORD ;T34 :0
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02788 34A9 28C2 WORD ST34 : 1
02789 34AB 28C2 WORD SrJ4 ;2
02790 34AD 2802 WORD ST34 ;3

-02791 34AF 28C2 WORD ST'34 ; 4
*02792 34111 2302 WORD ST134 .5

02793 2411 28C2 WORD ST34 ;6
*02794 34115 28C2 WORD ST34 ;7

02795 COM7 23C2 WORD ST34 ;a
*02796 34119 2802 WORD ST34 :

02797 34BB 27F6 WORD ST30 ;DOWN
02798 34BD 2829 WORD b'T31 ; UP
02799 34BF 2850 WORD ST32 ; LEFT

*02800 34CI 28SF WORD ST33 ;RIGHT
02801 34CO 22A2 WORD STIO ;SET AZ
02802 34C5 22CE WORD STII ;SET EL

*02803 .34C7a 24-F WORD ST20 PmIoG
*02804 34C9 ZOD? WORD STO :START/STOP

02805 34CB 2104 WIORD ST36 ; DEC IMAL
02806 3J4CD 2232 WORD CJT5 M1hINUS SIGN

*02807 34CF 2eC2 SP33 WORD ST34 .0
*02808 34DI 2802 WORD ST34 ;1
*02809 341r- 2802 WORD ST34 ;2

02810 34D)5 2802 WORD ST34 :3
02811 34D7 2802 WORD ST34 ;4
02812 34D9 2802 WORD ST34 :3
02813 34DD 28C2 WORD ST34 ;6
02814 314DD 2802 WORD Sr34 :7

*02815 34DF 2802 WORD T34 :.8
03634EI 2802 WORD ST34 :9

021734.12776WORD ST30 ; DOWN
02818 -4E5 2829 WORD Sr I ;Up

*02819 34E720 WORD~ ST32 ; LCF
*02320 34E9 288F WORD ST33 ;RIGHT

02821 34EB 22A2 WORD STIO :SET AZ
*02822 34ED 22CE WORD STII SET EL
*02823 34EF 243F WORD ST20 : PROC

02824 34F1 20117 WORD STO ;START/STOP
*02825 34F73 2904 WORD ST36 ;DECIMAL POINT
*02826 34F5 2282 WORD ST3 ;M~INUS SIGN
*02a327 34F7 28E3 SP34 WORD ST3S .0

02828 34F9 '28E3 WORD ST35 ; I
02829 34FB 2GE3 WORD ST315 ;2
02830 34FD 28E3 WORD ST35 :3
02831 34FF 28E3 WORD ST35 :4
02832 3501 28E3 WORD ST33 ;5
02833 3503 28E3 WORD S1,35 :6
02834 3505 28." WORD ST35 ;7

*02835 3507 28F.3 WORD s-.33 :8
02836 3509 2BE3 WORD S3 :9
02&37 n150f 2282 WORD ST3 ;DOWN
02838 350D 2282 WORD ST5 ;UP
0 2839) 350F 2282 WORD STJ ; LEFT
02840 3511 22EL2 WORD ST5 :RIGHT
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TEKTRONIX P168" ASPK V2.2 PACE 57
02841 3513 22A2 WORD ST1O :SET AZ02842 3515 22CE WORD STII ;SET EL ;.
02843 3517 243F WORD ST20 : PROG
02844 3519 20B7 WORD STO ; START/STOP
0 02845 331B 2904 WORD ST36 ;DECIMAL POINT
02846 351D 2282 WORD STS :MINUS S IGCN
02847 351F 2290 SP33 WORD ST6 ;o
02848 3521 2290 WORD 5T6 ; 1
02849 3523 2290 WORD ST6 ;2
02850 3525 2290 WORD ST6 ;3
02851 3527 2290 WORD ST6 ;4
02852 3529 2290 WORD ST6 ;5
02853 352B 2290 WORD ST6 :6
02854 352D 2290 WORD ST6 ;7
02855 352F 2290 WORD ST6 ;a
02856 3531 22o WORD ST6
02857 3533 2282 WORD ST5 ; DOWN
02858 3535 2282 WORD ST3 ;UP
02859 3537 2282 WORD ST5 ;LEFT
02860 3539 2282 WORD ST :RIGIIT
02861 353B 22A2 WORD STIO ;SET AZ
02862 353D 22CE WORJ) STI1 ;SET EL
02863 353F 243F WORD ST20 ;PROG
02864 3541 2057 WORD STO ;START/STOP
02865 3543 2904 ORD ,T36 : DEC, I!AL POINT
02866 3545 2282 WORD ST5 04IltUS SIGN
02867 3547 2920 SP36 1ORD ST37 ;0
02868 3549 2920 WORD ST37 I
02869 354B 2920 WORD ST37 ;2
02870 354D 2920. WORD STO7 ;302871 354F 2920 WORD ST37 ;402872 3551 2920 WORD ST37 ;5
02873 3553 2920 WORD ST37 ;6
02874 3555 2920 WORD ST37 ;7
02875 3557 2920 WORD STJ7 ;8
02876 3559 2920 WORD ST37 ;9

02877 355B 2282 WORD STS ;DOwn
02878 355D 2282 WOrD ST5 ;UP
02879 355F 2282 WORD ST5 ;LEFT
02880 3561 2282 WORD ST • RIGHT
02881 3563 22A2 WORD STIO ;SET AZ
02882 3565 22CE WORD STII ;SET EL
0283 3567 243F WORID ST12.9 ;POG • "-02884 35(9 20117 WORD STO ;START/STOP
028C5 356B 2282 WOnD ,T5 DEC IMAI POINT
02886 3560 2282 WORD ST5 P !INUS SIGN
02887
02880 ' BEGIN RE MT INJTEBRUPT VECTORlS
02889
02890 FFFS ORG OFFFSH
02391 FF8 "F:2 WORD I NT : I r2 VECTOR
02892 FFFA 2000 WORD Gl)E .SWI VECTOR JUST IN CASE
02893 FFFC 2EBE WOW) ISPL ;NPII VECTOR JUST IN CASE
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1. INTRODUCTION

1.1 SCOPE

This manual is to be used with the DIGISEC 'RA _/23C series of absolute
shaft p ,sition encoders. The manual covers installation, operation, theory of
operation, and fieldmaintenance. The discussion has general application inasmuch
as design, operation, and maintenance features are similar for all encoders in this
series. Refer to Section 6 for identifying nomenclature applicable to all models in
this series. Differences in models are also tabulated in Section 6. Maintenance
or repair beyond that covered in this manual must be performed by the manufacturer.

1.2 GENERAL DESCRIPTION'- -.

Encoders of the DIGISEC RA __/23C series are medium resolution, absolute
shaft position encoders of the photoelectric, non-contacting type, which are designed
for use wherever shaft position information is required in digital form. Typical appli-
cations include digital servos, stable platforms, navigation systems, theodolites,
tracking radars, laser tracking systems, and numerical control systems.

An outline drawing applicable to all RA _/23C series encoders is contained
in Section 6. All RA _/23C series encoders have a standard Size 23 synchro mount
(2.25 inch diameter mounting flange) with 2-inch pilot diameters -n both sides of
the flange, as shown in the outline drawing. Thus, the encoder can be mounted
with the flange located on either side of the mounting surface. The notch in the
synchro flange mates with a standard zeroing ring (not supplied) which can be used
to precisely align the encoder to the drive shaft zero reference. * RA -- /23C series .,.

encoders are provided with either a plain or a standard splined 0.25 inch shaft.
The drive shaft to be monitored is coupled to the pl'ain shaft through a high accuracy
flexible coupling, and to the splined shaft through a standard gear fastened to the
latter. The choice of flexible coupling or gear hardware is left to the user.

RA _/23C series encoders are designed to operate from a +5V source (+6V
optional). Except for this external source, the encoder is functionally self-contained.
Within its cylindrical case ate contained a shaft-mounted glass code disc, illuminat-
ing lamps, photodetectors, and signal processing solid state circuits, which pro-
vide a digital output word representing the instantaneous absolute angular position
of the encoder shaft. The output word is in natural binary code and is provided in
parallel format, with one bit per output channel. One pigtail cable supplies power
to the encoder, brings out the parallel outputs, and provides a test point for the
illuminating lamps. One cable lead (HOLD) is also used to apply an external HOLD

*Refer to MIL-HDBK-214A (Synchros) for information on applicable zeroing hardware

(zeroing rings, pinion wrenches, etc.) 204
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pulse when reading out "on the fly". To eliminate any possible ambiguity in the
parallel readout, an inherent characteristic of the natural binary code, DIGISEC
encoders utilize anti-ambiguity logic, which requires a finite amount of settling
time for the signal to propagate from the least significant bit to the most signifi-
cant bit. Application of the HOLD pulse freezes the state of the least significant
bit and enables non-ambiguous parallel readout, subsequent to the settling period,
for the remainder of the HOLD pulse duration.

All RA __/23C series encoders have field replaceable illuminating lamps and

signal processing electronics to facilitate maintenance.

1.3 SPECIFICATIONS

General specifications applicable to all encoders of the RA _/23C series are
contained in Table 1-1. Additional detailed specifications showing differences
between various models are contained in Section 6. These differences include
resolution, power supply voltage, direction of rotation for increasing count, shaft
style, and temperature range. Output stages on all encoder channels are either
5404 or 7404 TTL (transistor-transistor logic) elements. 5404 elements are used
in encoders with a "military" temperature range. 7404 elements are used in encoders
with a "commercial" temperature range. Performance characteristics are similar for
both types. Figure 1-1 provides output/load interface information.

1.4 DESIGN FEATURES

The DIGISEC RA .__/23C series has been designed to meet the requirements of
' the most demanding military and industrial applications with emphasis on ruggedness,

long life, and reliability. All electronic circuits are solid state and of conservative
design with components substantially derated. Noteworthy design features are the
following:

a. Standard Size 23 synchro mount.

b. Optional shaft style (plain/splined).

c. One power supply voltage (+5V, +6V optional).

d. Optional temperature ranges (military/commercial).

e. Sealed bearings, field lubrication not required.

f. Hard-chrome-on-glass code disc.

..L See Section 4.3.1

205 1
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Table 1-1 General Specifications for DIGISEC RA -_/23C Series Encoders*

Electrical

fesoiL .ion Refer to Section 6

Accuracy 1/3 Bit RMS, excluding quantization

Output Signals (Fig. 1-1)
Data format Parallel, one output channel per bit
Loaic levels ONE: +3.5 to +5.5 vdc

ZERO: ± 0.5 vdc

Rise and fall times 0.5 microseconds, maximum, with 3900-ohm
load shunted by 1000 picofarads, or 10 TTL loads

Output stages Fanout of ten 5404 or 7404 TTL elements
Settling time 3 microseconds, maximum

:Note: Readout can be initiated 3 microseconds after application of
external HOLD pulse

::Input HOLD pulse

Pulse levels OFF (normal output): 0 to +0. 5 vdc
ON (frozen output): +3.5 to +5.5 vdc

Pulse width Refer to Section 2.5
Sink current 7 milliamperes, maximum

Plower requiremeftts
Voltage Either: +5 vdc ± 2%, 1% max. peak to peak ripple

Or- +6 vdc + 2%, 1% max. peak to peak ripple
(Refer to Section 6 for applicable voltage)

Current 600 milliamperes for 5V option
650 milliamperes fdr 6 V option

Mechanical

Outline dimensions Refer to Section 6
"haft 0.25-inch diameter, plain or splined

Y Weight 16 ounces
" Rotation direction for

increasing count Refer to Section 6
Rotation rate

Operating 360 rpm maximum
". Slew 3600 rpm maximum

Rotor moment of inertia 0.4 oz.-in. 2 maximum
Breakaway torque 0.5 oz.-in. maximum
Running torque 0.4 oz.-in. maximum
Shaft loading

Ax. il 5 lbs. maximum
Radial 2 lbs. maximum at shaft end

206
*Refer to Section 6 for differences in models
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Table 1-1 General Specifications for DIGISEC RA __/23C Series Encoders (Cont.)

Environmental

Temperature Military Commercial
Operating -40°C to +85°C 0 to +70°C
Non-Operating -620C to +900C -620C to +900C

Humidity MIL-STD-202, Method 103, Condition B,
(0-95%) operating. Will withstand 100%
humidity with condensation non-operating.

Shock MIL-STD-202, Method 213, Test Condition A
(5Og peak, half sine wave, 11 ms duration,
3 shocks each direction each axis, 18 shocks
total)

Vibration MIL-STD-202, Method 204, Condition D, except
that vibration amplitude is .075 (total excursion)
or 25g (peak) whichever is less. (swept sine,
10 hz to 2000 hz).

Thermal shock MIL-STD-202, Method 107C, Test Condition A-l
(25 cycles) except minimum temperature to be -62 C

Salt atmosphere MIL-STD-202, Method 101, Condition B, 5%
salt solution

Inclination MIL-E-16400 Paragraph 4.5.14.2

Rated Life

Mechanical, operating 109 revolutions minimum

MTBF 50,000 hours minimum calculated per MIL-HDBK-
217A ground factors. 30,000 hours minimum
calculated per MIL-HDBK-217A shipboard factors.

207
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g. Small encoder diameter achieved by using integrated circuit modules.

h. Stainless steel case. U'

i. Low torque. p

j. Field replaceable lamp assembly (long-life incandescent lamps) -! -/

k. Field replaceable signal-processing integrated circuit modules

requiring no field adjustment.

I. The use of anti-ambiguity logic which synchronizes all coarser
data to the fine code track and thereby permits all but the fine

track to be of relatively low accuracy.

m. Capability for readout on the fly at any speed up to the maximum
rated operating speed. To allow for non-ambiguous readout on the
fly, the encoders are designed to accept an external HOLD pulse
which freezes the parallel outputs during readout.

I.,

*__1' See Section 4.3.1
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2. INSTALLATION AND OPERATION

2.1 HANDLING

.DIGISEC RA __/23C series encoders are precision instruments and should be

handled with care. Avoid shock to the encoder, particularly to the encoder shaft
which is mounted on bearings to extremely fine tolerances. The plastic covering
and the protective cap should remain in place during shipment or storage and should
be removed only at the time that the encoder is installed in its operating location.

2.2 MECHANICAL ALIGNMENT

RA_/23C series encoders are supplied in standard Size 23 synchro mount
configuration (see Fig. 2-1 and the outline drawing contained in Section 6). All
encoders have a 1/4-inch OD shaft, either plain or splined.

CAUTION

No alterations may be made to the encoder shaft or body
except by the manufacturer, or warranty will be voided.
Drilling or machining of the shaft will cause serious damage
to the code 'isc, readout optics, or bearings.

CAUTION

Do not use a rigid coupling between the encoder shaft and
the drive shaft. A flexible coupling of high angular accuracy
(Kinnemotive Corporation, Kinneflex series, or equivalent)
must be used, unless the encoder is to be gear driven.

All splined shafts have a standard 22 teeth/96 pitch configuration with 1/4-28
outside thread, and are designed to accept a gear secured to the shaft by means of
an MS 17186-4 or -8 drive washer and an MS 17178-3 drive nut.

The encoder may be installed in any attitude. However, the encoder shaft
must be precisely aligned with the drive shaft because misalingment will degrade
readout accuracy and shorten encoder life through excess loading of its bearings.
The mounting hole must be bored to a diameter that is 0. 001 inch (nominal) larger
than the pilot diameter of the encoder.

CAUTION i.

All misalignments between the encoder mounting surface and the
drive shaft must be such that the radial and axial loading on the
encoder shaft (through either the flexible coupling or drive gear)
do not exceed the limits specified in Table 1-1 .

210 2:o 7.



Mounting Plate

Synchro Clamp

Encoder
Shaft Synchro Flange

Flexible Radial __

Coupling Loading _- ____:

Axial
Loading

Drive Shaft

Pilot
Diameter

Encoder

---

Figure 2-1 Installation of typical RA__J23C encoder with plain shaft
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Note that the encoder has zero reference marks at the base of the shaft and
on the case. These marks, when coincident, set the shaft angular position to a

coarse zero count. The encoder must be oriented on its mounting surface so that
its zero approximately coincides with that of the drive shaft. A standard Size 23 -

zeroing ring, to be driven by a pinion gear, may be inserted between the synchro
:~ flange and the mounting surface to facilitate precise zeroing after installation
,' (see Section 2.4). Refer to MIL-HDBK-214A (Synchros) for information on applic-

able zeroing rings and associated components.

2.3 ELECTRICAL CONNECTIONS

2.3.1 Encoder Cable Wire Functions

All input/output electrical connections for the encoder cable are identified
in the outline drawing contained in Section 6. The Lamp Test connection is used
for troubleshooting (Section 4).

2.3.2 Grounding

Power and signal common are tied together within the encoder and are isolated
from case ground since many applications require independent electrical and case
grounds. In order to minimize noise problems, the noise level between the elec-
trical and case grounds should be kept as low as possible. It is recommended that
case ground be connected to electrical ground at only one point in the user's system,
at a location to be determined experimentally for the particular installation.

2.3.3 Power Supply Considerations -. "

RA _/23C series encoders are designed to operate from either +6vdc or +5vdc.

The voltage applicable to a particular encoder can be found in Section 6.
i.

NOTE

The external power supply must be set to provide +5V (or +6V), ± 2%,
1% maximum peak to peak ripple, at the encoder cable end in order to
avoid possible erroneous readings caused by interconnection losses.

2.3.4 HOLD Pulse Line Driver Protection

The encoder HOLD pulse input is normally customer energized from a circuit
that is powered from the same supply that operates the encoder, thus ensuring
simultaneous application of power to all circuits of the encoder. In the event that
the encoder proper and external HOLD driver circuits are energized from separate,

- non-interlocked supplies, this could result in a high state (5V) HOLD signal applied
to an unenergized encoder, which could damage the encoder. Operation in this
latter condition is allowed as long as a series protection diode is connected between
the encoder HOLD line and the user's equipment. Any small signal diode with a PIV
rating 50V or larger may be used. The anode of the diode should connect to the
encoder HOLD line. The diode is considered part of the user's drive circuitry which
should be capable of meeting the limits of para. 2. 5 (Page 10) at the input of the

encoder.

212 "'
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2.4 ZERO ALIGNMENT

1. Check that encoder is properly installed and that coarse zero has
been sot in accordance with instructions contained in Section 2.2.

2. Connect encoder to power supply and to output receiving circuitry.

3. Turn on power supply and receiving circuitry.

4. Slightly loosen the synchro clamps securing the encoder synchro
flange to the mounting surface.

5. Set drive shaft to zero reference position.

6. While monitoring the encoder output with the receiving circuitry,
carefully rotate the encoder case (either directly or through a
gear-driven zeroing ring) until the zero is set to the desired
tolerance.

7. Caretully tighten the synchro clamps. The encoder is now ready
for operation.

2.5 OPERATION

After the encoder has been properly installed and connected to a power source

and suitable receiving circuitry, operation involves only the application of the
external HOLD pulse, as described below, for non-ambiguous readout on the fly.
No adjustments or preventive maintenance are required aside from normal external
cleaning procedures.

The encoder parallel outputs are always present as dc levels once external
power is applied to the encoder. However, the anti-ambiguity logic within the
encoder (Section 3.3) requires a certain amount of settling time (3 microseconds,
maximum) which could cause improper readings if these were taken on the fly
during a "settling cycle". To assure correct readout on the fly, DIGISEC encoders
are designed to accept an external HOLD pulse. The net function of this pulse is
to guarantee reliable readout if sampling is initiated 3 microseconds (or more)
after the leading ,dge of the pulse and is terminated with the trailing edge. The
HOLD pulse requirements are as follows:

OFT: + 0.5 vdc, 7 ma Sink
ON: p3.5 to +5.S vdc, 100 pa Source
Maximum Width: See below

213
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The maximum width of the HOLD pulse can be determined from the following

equation:

T 13.2 xKxR
Hs

Where T = Maximum width of HOLD pulse in microseconds

H

S = Shaft rotation speed in rpm

R = Encoder resolution in seconds of arc

K = A constant determined by the encoder type, as follows:

RA__12 3 C K

10 1
111
12 1 .

13 2

If the HOLD pulse is applied for longer than T the readout may show incorrect
count. The maximum time, T allowable for correcPreadout is therefore

T (T -3) microseconds
R H

214
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PIIL[,.F%
3. THEORY OF OPERATION

A general functional block diagram applicable to all RA _/23C series encoders
is contained in Fig. 3-1. The encoder consists of an optical subassembly, trim
board Al, logic and hold board A2, and logic board A3. Field replaceable assemblies
are the lamp assembly (which is part of the o.ptical subassembly) and boards A2 and
A3.

3.1 OPTICAL SUBASSEMBLY

The optical subassembly consists of a shaft-mounted glass code disc, a lamp
assembly, and a slit and photodetector assembly. The code disc contains a series
of concentric annular code tracks, each consisting of alternating transparent and
opaque segments describing equal arcs along the circumference. The number of code
cycles (one transparent segment followed by one opaque segment) varies by a factor
of two from track to track, starting with one cycle on the inner track. The trans-
parent and opaque states of all tracks thus represent the ONE and ZERO states of
a multi-digit natural binary word, with one track per digit. The state of each track
is sensed by illuminating the code disc and detecting the modulated light behind
each track (as the disc is rotated) with a precisely registered slit/photodetector
assembly. Each photodetector's output is essentially a square wave, with one
cycle corresponding to a code cycle. The frequency of each detector's output is
therefore a function of shaft rotation speed. When the shaft is stationary, the
output of any detector is simply a dc level corresponding to either a ONE or ZERO
state.

3.2 TRIM BOARD Al

Trim board Al contains several trimming components which are factory set to
provide the required parallel signal levels as they enter boards A2 and A3. The
trim board components are precisely set for the detector outputs of its particular
optical subassembly. Consequently, board Al is not field replaceable.

3.3 LOGIC AND HOLD BOARD A2

Logic and hold board A2 performs two basic functions. It processes the para-
l1l photodetector outputs corresponding to the three finer tracks on the code disc
to provide the least significant digit (LSD) for all encoders as well as a few more
significant digits for the higher resolution encoders (see Fig. 3-1). A2 also
initiates anti-ambiguity control for the entire encoder and receives the input HOLD
pulse.enabling unambiguous readout on the fly.

12.
215
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The fine track circuit consists of the latching circuits, LSD processing
circuits, and output stages shown in line in Fig. 3-1. This circuit generates one
or more bits, depending on the encoder, from the fine track on the code disc.
The CARRY signal represents the state of the fine track, which is used to synchron-
ize the output transitions of all more significant bits. The CARRY cycle requires a
maximum three microseconds of settling time after each fine track transition. Appli-
cation of the HOLD pulse freezes the states of all bits through the latching circuits
and through the nature of the CARRY logic. Reliable readout can then be initiated
three microseconds after the leading edge of the HOLD pulse. The maximum duration
of the HOLD pulse for reliable readout is dependent on the encoder resolution and
shaft speed, as defined in Section 2.5. The output stages, which function as
buffer amplifiers are either 5404 or 7404 TTL elements (refer to Section 1.3).

The two remaining tracks whose signals are processed by A2 each provide
one of the parallel output bits. The CARRY from -the fine track to the anti-ambiguity
logic synchronizes the transitions of these two bits with those of the fine track.
The more significant bit of the two, which is also the first CARRY for board A3,
has its output stage on A3.

3.4 LOGIC BOARD A3

Logic board A3 processes the photodetector outputs of the remaining tracks to
provide the remaining more significant bits. Each bit becomes the CARRY for the
anti-ambiguity logic of the next more significant bit.

3.5 LAMP TEST CIRCUIT

The field replaceable lamp assembly contains several precisely aligned and
potted lamps, all electrically connected in parallel. All RA 13/23C encoders con-
tain four lamps. All remaining encoders (RA 12/23C, RA 11/23C, and RA 10/23C)
contain three lamps.. The LAMP TEST wire is connected to the less positive side
of the parallel combination in each case. A voltmeter connected across the LAMP
TEST wire and common will read the total current drain of all lamps through a series
resistor. The normal readings can be found in Section 4. Failure of any lamp is
indicated by a decrease in the current through the series resistor.

See Section 4.3.1
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4. MAINTENANCE

1.1 SCOPE

The optical subassembly of RA .._./'23C series encoders is factory aligned to
extremely high precision. Therefore, field maintenance of encoders in this series
is restricted to repair by replacement of the following three potted subassemblies:
the lamp assembly, logic and hold board A2, and logic board A3. Refer to Section
6 for part numbers of replaceable assemblies applicable to any encoder. Trim
board Al is factory set for each encoder and is not field replaceable. It is partially
hard-wired to the encoder.

The troubleshooting instructions which follow should help in isolating failure
-to either the external equipment, the three replaceable assemblies, or the rest of
'the encoder. Replace field replaceable assemblies in accordance with the instruc-
tions contained in Section 4.3. If failure is diagnosed in the non-replaceable
portion of the encoder, no attempt should be made to correct the malfunction by

pening the optical subassembly or forcing rotation of the encoder shaft. A detailed
.description of failure symptoms, suspected malfunctions, and operating conditions
..should be made. The encoder should then be carefully decoupled and removed from
its mount, securely packed with its protective cap, plastic covering, and failure

'J description, and returned to the manufacturer for repair.

"* If failure is diagnosed in the encoder cable, do not unsolder or solder wires
-ihere they connect to the encoder circuitry. Repair broken or shorted wires by
.'splicing. If splicing does not correct the malfunction, replace the encoder.

RA _.J23C series encoders have sealed bearings and no field lubrication is
.,aecessary.

CAUTION

Do not open any portion of the encoder beyond providing access
to the three field replaceable assemblies or warranty will be void.
Repair of the optical subassembly beyond replacing the lamp
assembly must be performed by the manufacturer.

.2 TROUBLESHOOTING

Troubleshooting the encoder involves first checking each of the parallel out-
"puts for proper waveform amplitude and frequency as specified in Section 4. 2. 1.
*f the parallel output waveforms do not conform to the performance standards, the
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malfunction must be isolated either to the equipment external to the encoder (Section
4.2.2) or to the encoder itself (Section 4.2.3). Follow all steps in the order given.
A voltmeter and a dual-trace oscilloscope equivalent to Tektronix Model 502A are
required. Refer to the outline drawing contained in Section 6 for the encoder dable
connections.

4.2.1 Encoder Output Test

Perform the output test as follows, using oscilloscope:

1. Shut off encoder power supply.

2. Disconnect encoder parallel outputs from receiving circuitry.

3. Turn on encoder power supply.

4. Rotate encoder shaft smoothly at maximum rated operating speed.

5. Connect oscilloscope (internal trigger) to parallel output in pairs,
starting with LSD and LSD+i, then LSD+1 and LSD+2, (etc.) and
check that all channel waveforms conform to the following standards:

a. Each channel's output is a square wave with logic levels as
follows:

ONE: +3.5 to +5.5 vdc
ZERO: 0.0 to +0.5 vdc

b. Each channel's square wave has one half the frequency of the next
less significant channel.

6. If any performance standard is not met, proceed with Sections 4.2.2 and
4.2.3 as judged necessary.

4.2.2 Troubleshooting External Equipment

If any performance standards are not met in Section 4.2 .1, proceed with the
following steps to check out the external equipment.

1. Check that encoder power supply voltage is within proper tolerance.

NOTE

Ensure that external power supply is set to +5V* (or +6V*), ± 2%, 1%
maximum peak-to-peak ripple at the end of the encoder cable, to
avoid possible erroneous readings caused by interconnection losses.

16.
*Voltage depends on particular encoder (Section 6) B.
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2. Check that output wires and receiving circuitry are free of shorts.

3. Check that encoder shaft is not binding and that coupling is not loose.
If shaft is binding, check that encoder is installed in accordance with
the requirements of Section 2.2. Encoder must be replaced if it is
properly aligned mechanically but the shaft still binds.

Ilei
4.2.3 Troubleshooting Encoder

If any performance standards are not met in Section 4.2 .1, proceed with the
following steps to check out the encoder itself.

I. Turn on encoder power supply.

2. Check encoder lampsty connecting voltmeter across LAMP TEST wire
(+) and common.

Encoder Type Performance Standard

RA 10/23C 0.35 vdc Minimum
RA 11/23C 0.35 vdc Minimum
RA 12/23C 0.35 vdc Minimum
RA 13/23C 0.4 vdc Minimum

If performance standard is not met, replace lamp assembly (refer to
Section 4.3). * If in doubt, replace lamp assembly.

3. Check boards A2 and A3, in that order, by monitoring the following out-
put channels on oscilloscope and checking for output waveform standards
indicated in Section 4.2.1, Step 5.

Encoder Type Board A2 Board A3

RA 10/23C LSD LSD+l thru LSD+9
RA 11/23C LSD, LSD+l LSD+2 thru LSD+l0
RA 12/23C LSD, LSD+I, LSD+2 LSD+3 thru LSD+II
RA 13/23C LSD, LSD+I thru LSD+3 LSD+4 thru LSD+12

If any performance standard is not met, replace boards A2 and/or A3, in
that order (refer to Section 4.3). Note that the anti-ambiguity control
(CARRY) for the entire encoder is initiated on A2. If replacement of A2
and/or A3 does not correct the malfunction, failure resides in non-field-
replaceable portions of the encoder.

• To test a lamp assembly outside the encoder, apply 3.5 to 4.OV to lamp block
pins, and observe that all bulbs light. Bulbs also wear out due to gradualblackening, so that this test is not always conclusive. If in doubt, replace

lamp assembly.

220
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4.3 PARTS REPLACEMENT

CAUTION

Shut off input power before removing or replacing components.

4.3.1 Removal/Replacement of Lamp Assembly (Figure 4-1)

NOTE
I Replacement lamps are made up on a custom basis for specific

encoders. Make sure the serial number on the replacement
lamp matches the encoder serial number. Do not interchange
lamps among encoders. The following three steps of this para-
graph apply only to those encoders for which replacement lamps
have been supplied.

Removal

1. CAREFULLY BRUSH AWAY ALL DIRT FROM THE FRONT OF THE ENCODER.
Loosen two captive screws securing lamp assembly to encoder. Do not
remove the screws from the lamp assembly.

2. Note the electrical contact pins, the alignment pins, and the sealing lip
shown in Fig. 4-1.

3. Carefully remove the lamp assembly by pulling alternately on the two

captive screws to overcome the friction from the sealing lip.

Replacement

Reverse removal procedures, taking care not to bend the electrical contact
pins. Be careful not to get finger marks on the polished lamp reflectors. (See Page 19)

4.3.2 Removal/Replacement of Boards A2 and A3

Removal

S1(a) Older Models - Pinch grommet at junction of encoder case and cable and
push grommet and cable into case sufficiently to free cable.

1 (b) New Models - Unscrew cable clamp packing nut and slide back nut and

"0" ring.

2. Loosen two screws securing case to encoder on cable end of case.
Remove screws. V

3. Pull case back along cable to expose A2 and A3.

4. Carefully pull A2 and/or A3 back from its connector.

Replacement

Reverse removal procedures.

CAUTION

Plug-in boards are-keyed -to their proper sockets. Do not
force a board into an improper socket or in reverse orientation. ,

221 18.
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NOTE
If cleaning of dirt or finger marks is required, use
a cotton swab ("Q tip") and isopropyl alcohol.
Swab gently and allow to dry. Do not use harsh
or abrasive cleaning agents.

Sealing Liptir.

Lamp (3 or 4)
Electrical
Contact Pin (2) -

Captive ,

Screw (2)

Hole for
Alignment Pin (2)

(a) Rear 3/4 View

Sealing Lip I..

Captive Screws

(b) Front 3/4 View

222 19.
Figure 4-1 Lamp Assembly



5.REPLACEMENT PARTS

* ~~Replacement parts applicable to any encoder of the DIGISEC ~2Csre
*are listed in Table 5-I. These parts are the lamp assembly, logic and hold board

A2, and logic board A3.
PIE
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Table 5-1 Replacement Parts .

Encoder Replacement Part and Part Number

P% Part Number Lamp Assy. I Logic and Hold Board (A2) Logic Board (A3)
(2785-_.) 2757-16G 2757-33G_ 2757-36G-

S 1, 33 1 6 2
2, 34 3 1
3, 35 6 2 ,,

4, 36 3 1
5 37 6 2
6 38 3 1
7 39 6 2

8, 40 3 1
9, 41 2 5 2

10, 42 2 1
. 11, 43 5 2

12, 44 2 1
13, 45 5 2
14, 46 2 1
15, 47 5 2
16, 48 2 1
17, 49 4 2
18, 50 1 1
19, 51 4 2
20, 52 1 1
21, 53 4 2

- 22, 54 1 1
23, 55 4 2
24, 56 1 1
25, 57 4 2
26, 58 1 1
27, 59 4 2
28, 60 1 1

- 29, 61 4 2
* 30, 62 1 1

31, 63 4 2
32, 64 1 1

Al_./ See Section 4.3.1
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6. DIFFERENCES IN MODELS

This section contains detailed specifications for all DIGISEC RA ,,23C'
series encoders in addition to those listed in Table 1-1. These detailed specifi-
cations are listed in Table 6-1. Also contained in this section is an outline
drawing (C 2000-583) that shows pertinent dimensions of all encoders, as well.

as optional shaft details. The drawing also identifies the electrical connections
to the encoder.

All RA _/23C series encoders are identified by type number and part number.
The type number gives the major (but not all) encoder characteristics as follows:

RAJa/23C(b)X

Where R = rotary

A = absolute

(a) = resolution (Table 6-1, Column 1)

23 = standard Size 23 synchro configuration

C = contained electronics i o

(b) = temperature range (M - Military; C-Commercial)

X modification of catalog unit; see supplement in
front of manual for details.

The part number completely specifies the encoder.

Example: RA 12/23C(M), P/N 2757-47

Table 6-1 shows that this encoder has the following characteristics:

v12

Resolution: 212 transitions/revolution

V* . Input voltage: +6VDC

Shaft style: Splined

Temperature range: Military

Direction of rotation for increasing count: CCW

225
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Table 6-1 Detailed specifications for DIGISEC RA _/23C series encoders

DIGISEC Part Angular Transitions Input Temperature
Type Number Number Resolution per Voltage Shaft Range(RA __/23C) (2785-_) (minutes) Revolution (+ vdc) (Note 5) (Note 6)

13 1, 33 2.6 213 5 P M
2, 34 P C
3, 35 S M

4, 36 s C
5, 37 6 P M
6, 38 P C
7, 39 S M
8, 40 S C

12 9, 41 5.3 2 5 P M
10, 42 P C
11, 43 S M
12, 44 S C
13, 45 6 P M
14, 46 P C
15, 47 S M
16, 48 11 S C

11 17, 49 10.5 2 5 P M
18, 50 P C
19, 51 S M
20, 52 S C
21, 53 6 P M
22,. 54 P C

23, 55 S M
24, 56 10 C

10 25, 57 21.1 2 5 P M
26, 58 P- C
27, 59 S M
28, 60 S C

29, 61 6 P M
30, 62 P C
31, 63 S M
32, 64 S C

Notes

(1) Outline dimensions shown on drawing C 2000-583
(2) Electrical connections listed on drawing C 2000-583
(3) Rotation for increasing count, defined looking at shaft end of encoder: . -

(a) Part numbers 2757G1 through G32, clockwise
(b) Part numbers 2757G33 through G64, counterclockwise N7

(4) Other specifications listed in Table 1-1
(5) P = plain, S = splined (see drawing C 2000-583)
(6) M = military, C = commercial (refer to Table 1-1)

226
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BULLETIN NO. 3501 August 1975

The model S110120-0030 SELF-SCAN 11 panel display is The light output is generated by a neon glow discharge
a single-line, intermediate size, 20-character-wide, alpha- between transparent anodes on the front glass plate (for
numeric display that is ideal where readability and visi- the horizontal rows) and the cathodes (corresponding to the
bility are primary considerations. The display presents a columns) on the rear glass.
bright, flicker-free, soft neon-orange glow that is charac-
teristic of gas plasma technology. An additional feature The cathodes are bussed in a six-phase arrangement so that
of the panel is its buttability, which permits it to be U1 cathodes are columns 1, 7, 13, etc. While the common
assembled into multi-panel large displays. For example, 01 cathodes are all driven low simultaneously during clock
a 1920-character display consisting of 24 rows of 80 periods 1,7, 13, etc., a glow occurs only under one cathode
characters each can be mounted in an enclosure 4 feet by column due to the internal panel characteristics. This
5 feet by 5 inches. glow is under the anodes addressed by the character

generator or auxiliary data inputs. This matrix address-
The panel display operates in a multiplexed scanning mode, results in only those display cells needed in that one
with scanning being performed from left to right. Because vertical column being on at a given moment of time.
of the internal panel address feature, only 14 external
connections are required to control all of the functions of This display can be directly interfaced to computer/micro-
the panel. The internal address feature also substantially processor based systems because all logic level inputs,' "
reduces the drive electronics required in comparison to a outputs are TTL compatible. The display is ideal for appli- -
standard X-Y address matrix display. cations where information must be presented to an operator.

ENVIRONMENTAL AND
MECHANICAL CHARACTERISTICS OPTICAL CHARACTERISTICS

I Operating Temperature 00 to 50 0 C Character Height 0.65 inch
Storage Temperature -400 to +850 C Character Width 0.55 inch
Relative Humidity 90',, max. Dot Size 0.05 inch square

(no condensation) Dot Center-to-Center Spacing 0.10 inch
Weight 14 ounces Luminous Intensity 230 microcandelas
Size 14" x 2" x 1'x " Light Output 60 ft-Lamberts (Note 1)
Shock 20 g, " sine wave, 11 ms in Y axis Contrast Ratio 5 to 1 at 300 ft.-L
Vibration Horizontal Viewing Angle 1500

Constant 2 g acceleration, 50- 100 Hz, Vertical Viewing Angle 500
10 min each axis Color Neon Orange

Sinusoid 0.018" double amplitude, 5 -50 Hz

Operating Altitude 10,000 ft. max.
Storage Altitude 30,000 ft max 22 c

.:: :.: .... ...
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CHARACTER FORMAT (Actual Size)

as in a POS terminal. Each character is displayed in a 5 x 7 applied to pin 1 (display disable) or a blanking code must
dot matrix, and formed of 0.050-inch square cells. Charac- be present at all the data input lines. In addition, a logic 1
ters are defined by a positive logic six-bit ASCII code. level must also be present at all auxiliary data inputs during
Used in conjunction with the count logic, a character is the entire reset period, during the last two columns of each
formed by turning the display dot cells on and off as character position, and for 14 us (min) after each high-to-
required at approximately 70 Hz. low transition of the clock.

The appropriate six-bit ASCII code for each desired charac- An external clock signal of 100 to 120 us provides the
ter must be present for a minimum of five clock periods basic system timing. For complete scan cycle of the panel,
of each character position. After the 20th character is 139 clock pulses are required: 138 clock pulses for the
displayed, a reset pulse must be supplied to start a new six-phase drive, and one pulse for scan reset. The screen
gwn. The character displayed in the extreme left location of the panel can also be blanked by applying logic 0 level

corresponds to the ASCII code present at the data input signal at the display disable input, provided all auxiliary
lines just after the reset pulse. The subsequent characters data inputs are at logic I level.
are displayed sequentially to the right according to the

.,ASCII code provided to the display. the drive circuitry board is mounted with component side

While the panel display is provided with a character accessible to the user. This permits the character generator
generator capable of displaying a 64-character ASCII subset to be field-replaceable without dismantling the panel/
repertoire, seven auxiliary data input lines permit the driver board assembly.
character generator to be bypassed so that additional
symbols or characters can be displayed. Each auxiliary data
line controls one horizontal row of dot cells. A logic 0 at For additional information or applications assistance on
an auxiliary data input line turns on a cell; a logic 1 keeps this panel, write to Burroughs Corporation, Electronic
the cell off. Components Division, P. 0. Box 1226, Plainfield, New

Jersey 07061; or call our special sales/applications number,
When the auxiliary data inputs are used in conjunction with (201) 757-3400 in New Jersey, or (714) 835-7335 in

-. the character generator, either a logic 1 level must be California.

NOTES: .0

I. ALL UNTOLERANCED
DIMENSIONS ARE REFERENCE. P PIN NO I (SEC NOTE 4)

2. OPTIONAL PANEL SUPPORT .j -

CLI PS ARE SUGGESTED FOR .450
E NVIRONMENTAL CONDITIONS
WHERE IEXTREME SHOCK AND F
VIRATION IS ANTICIPATED. 2.260

3. SUGGESTED ALTERNATE MOUNTING
PATTERN, HARDWARE KIT WILL U6
SUPPLY (4) FOUR MOUNTING
ORACKETS WHEN REQUESTED. P N -T.'

4. PRINTED WIRING BOARO INTERFACE PIN NO. 26
CONSISTS OF 26 PINS .025 SQUARE
.318 HIGH AND LOCATED (2) TWO L 2.450 10.000
ROWS ON .100 Is.100 SPACING.

MAX COMPONENT

°o'

4.250 HIGH.900

.40'.000

.170- 13.715

I.OO ql , ol ; •; I

DISPLAY AREA SEE NOTE 2

230.

Figure 1. OUTLINE DRAWING
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ELECTRICAL CHARACTERISTICS (Note 4)

Power Required
Positive Logic Supply 4.75 to 5.25V @ 350 mA max.
Negative Logic Supply -11.4 to -1 2.6V @ -50 mA max. Table 2. TRUTH TABLE
Display Supply -237.5 to -262.5V @ -110mA max. ).

Clock Input Signal (See Figure 1) 11 Zn U n

Logic 1 Level 2.0 to 5.25V@040 uA 2 3 4
LogicO0Level 0 to 0.8V @-7 mA
Clock Period 100 to 120 us1 A 23 W 4
Logic 0 Voltage Duration 20 us to Clock Period -20 us C 24 X 465

*Data Input Signals 4 D 26 Z 47 /
Logic 1 Level 3.75 to 5.25V @ 10 uAmax. 5 E 27 ( 48 0
Logic 0Level -7.0Oto 0.6V @10 uA max. 6 F 28 1\0 49
Duration (Note 2) 5 Clock Periods 7 G 29 1 50 2

a H 30 ( 51 3
* ~Auxiliary Data Input Signals (Note 3) I 31 } 5 4

Logic 1 Level 4.35 to 5.55V @ 20 uA max.
Logic 0 Level 0 to 0.4V CH -4 mA max.10 J 3 LN( 5 5
Logic 1 Duration 14 us min. to 1 Clock Period max. I, K.3.%..

12 L 34 55 7
RenetInput 13 M 35 # 56 8

Logic 1 Level 2.0 to 5.25V @ 40uA 14 N 36 $ 57 9
Logic 0Level 0 toO0.8V @-7 mA is 0 37 % 58
Duration 2 to 4us 16 P 38 & 59
Reset Input Delay 0Oto 1 us 17 Q 39 / 60 (

18 R 40 ( 61
Display Disable Input (Blanking Control) 19 S 41 ) 62 )

Logic 1 Level 2.0 to 5.25V @ 40uA20 T 4 63 ?

Logic 0 Level 0 to 0.8V @ -7 mA 2 ________

Data Update Output (Pulse Indicating End of Character)
* Logic 1 Level 2.0 to 5.25V @ -2 mA

Logic 0 Level 0 to 0.4V @ 10 mA.

Table 1. PIN CONNECTIONS fP

1 Display Disable In 14 Aux. Da ta 6 in DTINUS6 CHARACTER 7 DISPLAY 7
2 Data Update Out 15 Binary 2 In DATA UPDATE' G~eERATOR DRIVERS

3 Clock In 16 Aux. Data 7 in
4 Not Used 17 Binary 4 In
5 Not Used 18 Aux. Data 5in COKSA N6 -250V 19 Binary 8 In BLANdKING KEEP ALIVE toSLFSA

7 Rest inDISPLAY CONTROL REITSPAL7 est n20 Aux. Data 3 In DISASLE
*8 Not Used 21 Not Used

9 Ground 22 Aux. Data 1 In
*10 Aux. Data 2 In 23 Binary 16 In

* 1 Not Used (Leave Open) 24 REET?2HAEV

12 Aux. Data 4In 25 Binary 32 In
13 Bnaryln 2 +5V231Figure 2. BLOCK DIAGRAM

S.. * ** .*. - - --me . . . . . . . . ~ . . .



CLOCK 4e~vw oa
INPUT irl~un

O. 0TO IM -a.4 I-IOOTOI2Ous(T,) I -20 TO TI 2Oas

RESET
INPUT

ZW zw V
_ CHARACTER CHARACTER CHARACTER -4 U
0~POSITION I OBLANK POSITION 2 LAKPOSITION 20 imc

III~~~I I U 1

DATA
INPUTS

(6)1

DATA -------- Lj-- - - - - _ i
UPDATE 

1 O1p
* AUXILIARY ~

* DATA INPUT
Figure 3. SYSTEM TIMING DIAGRAM

NOTES

1.This value is a typical time-averaged luminous intensity per dot at a current of 1 A h nest a qysihl ihidvda aes
1.but within any panel. all cells will have a constant luminous intensity. 1 A h nest a iysihl ihidvda aes

2. Oata input must remain constant for the first five clock periods of each character position. A logic I level is "true" data.
3. These inputs may be left open-circuited when not used. These inputs must be pulled up to positive logic supply voltage level when used.

They must be in logic 1 state for at least 14 us after every negative clock transition and during the entire reset period.
4.Absolute ratings beyond which life and performance will be impaired.

The information contained in this brochure does root necessarily imply a license under patents or pending applications of Burroughs Corp..,49
* or assure a freedom from patent rights of others No warranties of any kind are either esipressed or implied by reason of this publication "This data sheet is subject iii change without notice.
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APPENDIX D

EXTERNAL SERIAL INTERFACE

233



- - * -'3.-n- -- ". %-.S. -. jn %. o.-n- 9  . t...

p.i

j -°

.. °

4..

.4.-

• .3o

i .
•  

Rn

°° R

li 3



-.

External Serial Interface

The serial interface on the microprocessor allows remote operation

of the radome positioner. This interface is based on the RS-232-C inter-

face standard*. ASCII commands are entered from a remote device which

invokes the same responses as keyboard entries. A list of valid commands

for the serial interface are given in Table D-1. A continuous display of

current positioner status is sent to the external device. This device may

at anytime send a valid command back through the interface to the micro-

processor. Any invalid command received by the microprocessor will invoke

an error message. The display on the radome positioner will echo any

valid command just as it does for a keyboard entry. A switch, located at

the front panel of the computer, will determine the mode of operation of

the RFSS Radome Positioner. The two modes of operation are "Local" and

"Remote". The local mode will allow only keyboard access and the remote

mode will deny keyboard access and allow remote entry of valid commands.

Note, however, that the arrow commands can only be used in setting their

respective azimuth and elevation limits. Also, a valid command must be

typed in to start the continuous display from the serial interface.

Access to the serial interface is by way of a EIA standard 25-pin

connector located on the back panel of the microcomputer chassis. This

connector, labeled "RS-232-C", is attached to connector P3 on the micro-

module 1A board by way of solid wire ribbon cable as indicated on drawing

#65. Pin identification using this standard is given in Table D-2.
The low data rates used in this system require no handshaking thruugh

the serial interface, therefore, a jumper from pin 15 to pin 14 of P3

(Drawing 65) has been used to constantly enable the I/O port of the micro-

processor. For a software listing of the serial interface routine, please

refer to Appendix B.

*EIA STANDARD NO. RS-232-C, "Interface Between Data Terminal Equipment
and Data Communication Equipment Employing Serial Binary Data Interchange",
August, 1969, Electronics Industries Association, Engineering Department,
2001 Eye Street N. W., Washington, D.C.

235
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TABLE D-l

Valid Serial Interface Commands

*'

S Start/Stop

E - Set Elevation

A Set Azimuth

P Program

Decimal Point

- Minus Sign

" - DOWN

no r 1 ,.
A- = LEFT "

"+ RIGHT

itt '
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APPENDIX E

PRESTORED RASTER SCAN PATTERNS
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Raster Scan Patterns

* The patterns are generated from keyboard entries made by the user.

The entries are variable parameters that determine how each pattern is

generated. The display is used to prompt user access through either

the keyboard or external serial interface by the use of these variable

parameters: A, B, and C. Currently, there are four user programmable

patterns that are invoked by activation of the "PROG" key on the keyboard.

The display will then ask the user to enter a programmed pattern number

from 1-4. The user will then be prompted by thd display to enter the

required parameters upon which the processor will then wait for a "START"

key to be pressed before the desired program will start.

Patterns 1, 2 and their associated variables are defined in Figure

4 E-1. The microcomputer, using the entered values of "A" and "C", computes

point 1 and promptly moves the positioner to that point. The positioner

will briefly stop and then move to the next calculated position, point 2.

Point 3 is computed by the entered parameter "B". The positioner is

moved to point 4 taking advantage of the change in coordinate signs and

then finishs one period of the scan after arriving at point 5. The remain-

der of the raster positions are calculated in a similar manner. Pattern 2

is generated in a similar manner, the only difference being a 90 degree

shift of the AZ/EL axes.

Patterns 3 and 4, shown in Figure E-2, access stored trigonometric

values which are used to generate the desired patterns. These stored

values can be found in the software listing of Appendix B. Activation of

pattern 3 will initialize the positioner at the origin of the coordinate

system. This position is referred to in the figure as point 1. The

positioner will then move up in elevation until it reaches point 2. One

leg of the star has now been generated. It will then move down in elevation

and stop when point 3 is reached. The positioner will move back up to the

origin (point I). The positioner moves in a similar manner to complete

the star raster. The legs of the star are separated by the entered angle
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Figure E-1. Linear Raster Patterns
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Figure E-2. Star and Circle Raster Pattcrns
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a and all the end points of the legs are computed using analytical

geometry. These points are defined as points on a circle with a main-
tained radius. Pattern 4 is a circle of which the radius is a variable

through an entered parameter r. The circle is begun at point I on the
elevation axis and moves in a clockwise direction with a constant incre- -

ment of one degree. This angular resolution cannot be changed by the

user and always completes a cycle of 360 degrees. The software listing

of all four patterns can be found in Appendix B.
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