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ABSTRACT 

PHOENIX t1ISSION SH~ULATION TEST 

by 

Laurence Eugene Sellers 

Master of Science in Engineering 

This Graduate Project Report describes the effort undertaken in 

forming and implementing the idea of a functional missile test 

composed of a simulated launch of a Navy PHOENIX air-to-air radar 

guided missile, and collecting continuous missile performance data. 

The missile test and data collection system is called a MST (Mission 

Simulation Test). The MST consists of a MTP (Missile Test Program) 

to control the missile, and an A/D (Analog to Digital) Driver program 

to collect the performance data. 

The main goal of this project was to design the missile test and 

data collection system, without violating the hardware and sofb1are 

configurations of the AN/DSM-l30(V) GMTS (Guided Missile Test Set); 

and to use the MST as part of the acceptance tests a missile most 

pass before final acceptance is approved by the Navy. This goal has 

been achieved. 
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1.0 Background 

CHAPTER I 

INTRODUCTION 

A MST (Mission Simulation Test) for the AIM-54A PHOENIX missile 

is needed to improve the missile test capability of the MECCA (Missile 

Environmental Computer Control and Analysis) System~ The MECCA system 

was developed by the Navy at the PMTC (Pacific Missile Test Center), 

Point Mugu, California, for use in support of missile PATE (Production 

Acceptance Test and Evaluation). Housed in the PMTC Environmental Sim­

ulation Laboratory, MECCA environmentally tests missiles in the labora­

tory, prior to final acceptance by the Navy. 

During the production of the PHOENIX, selected missiles from a 

sample of each month's production lot is tested in the laboratory while 

others undergo ground checkout and captive flight tests on F-14A air­

craft. These tests assess the quality of each production lot by deter­

mining compliance with reliability and performance specifications. 

Failures occurring in each test are considered in reaching the accept/ 

reject decision for the entire lot. 

The MECCA system provides automatic control of combined environ­

mental conditions such as temperature, altitude, humidity, and vibra­

tion. This system simulates the conditions of shipboard handling, 

captive missile carry on an aircraft, and free flight of the missile. 

It has the unique feature of providing automatic functional test of an 

11 operating 11 missile under environmental stress. The system is com-

1 



prised of two primary subsystems; an environmental test, control and 

monitoring system, and a missile test, control and monitoring system. 

A diagram of the MECCA system is shown in Figure 1. 

The present PHOENIX test set, the AN/DSM-130(V) GMTS (Guided 

Missile Test Set), which is the missile test, control and monitoring 

system, performs functional tests on the missile, but only in a sequen-

tial manner. The proper stimulus is sent to the missile via computer 

control, and the corresponding missile response is measured and recor­

ded. The response measured is only from one small unit of the missile, 

not a 11 true 11 system level response. If one stimulus could be sent to 

the missile, and all the missile subsystem responses measured and re-

corded at one time, then the true system response would be known. It 

is precisely this feature that the MST possesses. 

The MST consists of two computer programs. The first program 

is a MTP (Missile Test Program) that powers the missile up, applies 

the correct stimuli, and monitors the corresponding responses. The 

MTP simulates a typical launch mission. The second program is an A/D 

(Analog to Digital) driver to process PHOENIX performance data from 

the missile test program. The A/D driver operates a HP 5610A analog 

to digital converter. Missile responses from the MTP are recorded on 

a Bell and Howell, CEC/DATATAPE VR-3400 14 track magnetic tape unit. 

Immediately after the MTP has completed the simulated launch, 

the tape recorded analog data are played back through the HP 5610A A/D 

converter. The missile responses are then "digitized 11 and outputted 

in an easy to read format. True parallel data processing takes place. 

A diagram of the MECCA system with the MST added capability is shown 

2 
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in Figure 2. Figure 3 shows a block diagram of the MST. 

The MST is part of a continuing process of improving the MECCA 

system. It is anticipated, in the future, that a RFMTG (Radio Fre­

quency Moving Target Generator) will be incorporated into the MECCA 

system. 

l. 1 Problem Statement 

The PHOENIX missile GMTS does not have the capability to output 

missile performance data in parallel. Present GLAT (Government Lot 

Acceptance Test) procedures require the evaluation of the performance 

of the missile as a complete operating system. The MST will give the 

added capability to continuously sample the subsystem performance of 

the missile, and simulatenously output subsystem performance data in 

analyzed form. 

1.1. l Constraints 

In order to have an operating system developed and ready fol~ 

operation for the FY-76 (Fiscal Year) procurement of PHOENIX missiles, 

the MST added capability had to meet the following constraints: 

Time: A deadline of 30 June 1976 was established. This dead-

line allowed three to four months of MST validation and contractor ne­

gotiations before the MST would be used for fault isolation in missile 

lot acceptance. 

Money: The MST job task was funded under the existing customer 

order number 6N3JC11C. $25000 dollars was made available for labor 

charges. 

Manpower: The $25000 dollars created funding for approximately 

five-six man months of work effort. 
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AS - 4007 GLAT SPECIFICATION: The PHOENIX GLAT specification, 

that contains all the rules and regulations of missile lot acceptance 

testing, requires the AN/DSM-l30(V) GMTS be the test set used for 

PHOENIX testing, and requires the current contractor developed soft­

ware be the software used in missile testing. 

Modifications: The GLAT specification also decrees that no 

modifications to the AN/DSM-130(V) can be made except those that are 

contractor/Navy approved. The GMTS must stay in contractor/Navy con­

figuration control. 

1. 1.2 Assumptions 

began: 

The following assumptions were made before the MST development 

(1) The AN/DSM-130(V) GMTS will be used for missile testing. 

(2) The MTP will be implemented only on the PHOENIX GMTS. 

(3) The MST will be modular, so changes and additions will be 

easy to implement. 

(4) The MST must be easy to operate, and use minimum of 

personnel. 

(5) The task must be accomplished at minimum cost. 

(6) The MST will be operated by trained PHOENIX personnel. 

( 7) The MST wi 11 have growth potentia 1. 

(8) Analog to digital conversion of data will be employed. 

(9) Missile responses will be accessible via the missile 

umbilical. 

(10) Missile signal characteristics (amplitude and frequency) 

wi 11 be previously determined. 
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1.1.3 Questions To Be Answered By This Report 

General Design Questions 

1. Can the existing PHOENIX test set be used for A/0 con-

version? 

2. Does the PDP-11 computer have the capability of processing 

data from the HP 5610A A/0 converter? 

3. Can the HP 2116C and POP-11 computers be used in combina-

tion to run missile tests and process missile response data? 

4. What tape recording capabilities presently exist in the 

1 aboratory? 

5. Will the MST allow real time data processing? 

6. What computer language will be most useful for operator 

interplay? 

7. How much computer memory will be available for data 

storage? 

8. Will the HP 5610A A/D converter handle the expected data 

rate? 

9. Will a signal multiplexer be required? 

10. What signal conditioning will be necessary? 

11. Will signals be patched through the GMTS cross-bar switch 

or through separate patches? 

12. What signal conditioning capability presently exists in 

the 1 a bora tory? 

Specific Design Questions 

1. What type coaxial cable will be used? 

2. What missile response signals will be monitored? 

8 
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3. What sampling rate and amplitudes will limit signal pro­

cessing? 

4. What trigger source will be used? 

1.2 Objective 

The development of a MST will improve the MECCA test capability 

by using the MECCA AN/DSM-l30(V) GMTS, and the PHOENIX missile to 

determine system response of the missile as it undergoes a typical 

launch mission. The MST will be designed to continuously collect per­

formance data from all the major missile subsystems simultaneously. 

The missile functional performance will be evaluated for 11 System11 per­

formance vice the 11 one stimulus-one response .. performance presently 

available. 

1. 3 Purpose 

The MST v1ill give quick assessment of missile performance for 

a typical ·launch mission. The MST will aid in locating missile fail­

ures as a result of GLAT or environmental testing. It will provide a 

11 hands on 11 trouble-shooting ability of the missile that is not 

currently available. 

9 



CHAPTER 2 

APPROACH TO PROBLEM 

2.0 Define Instrumentation Requirements 

A CAS (Control and Analysis System) was proposed as an addition 

to the MECCA system in 1972~ to enhance missile functional test capa-

bility. The CAS was never funded by the Navy because of a cutback in 

developmental funds. 

The existing GMTS has a serious drawback in that although 

several input missile stimuli can be computer controlled simultan-

ously, only one output parameter can be measured at a time. The pre-

sent mechanical cross-bar switch provides switching between missile 

responses and the proper measuring device. The cross-bar switch can 

only switch to one measuring device at a time. Thus, events may occur 

too rapidly to be recorded by the existing system. Therefore, total 

missile performance is difficult to evaluate, and missile failures are 

difficult to trace to specific causes. 

The proposed CAS would have allowed the recording of multiple 

outputs through multiplexing methods, data buffering, data filtering, 

and magnetic tape storage. The use of digital computers as data con-

trollers permit easy modification and expansion. The system was speci-

fied to have up to sixty-four signals sampled at 250 Hz, or fewer 

signals sampled more frequently. Thus, total missile performance 

could be recorded, evaluated, and post-test analysis could be per-

formed using the data recorded during the test. 

10 
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The proposed system was to include, a 64 channel multiplexer, 

a minicomputer (CPU), and a magnetic tape unit. An additional CPU and 

a line printer were necessary if the system was to have additional 

flexibility for future system expansion and testing of a wider variety 

of missiles. 

As an alternative to CAS the MST concept was proposed. The MST 

concept provides an alternative in building a data acquisition system, 

plus a missile test program to simulate a typical launch mission of 

the PHOENIX missile. 

The proposed MST data acquisition system will include, as a 

minimum, a 16 channel analog to digital converter, a minicomputer 

(CPU), a 14 track FM (Frequency Modulation) analog magnetic tape unit, 

and a line printer. 

In the testing of the PHOENIX missile it is necessary to record 

the signals listed in Table 1. This table lists the signal, and its 

approximate rate of change. To faithfully record these signals it is 

necessary to sample each signal at a minimum of five times the rate of 

change. The discrete, pulsed, and switched DC signals need not be 

sampled as frequent due to their discrete levels. Since the missile 

signals are essentially analog, provision will be needed for A/D 

conversion. The A/0 converter should have 10-12 bit resolution, with 

a sampling rate of at least 500Hz/channel. 

Basically, the missile data requirements dictated the need for 

the following equipment: 

( l) A computer (CPU) to receive di gita 1 data, process it, and 

output missile response information in a useful data format. 

11 
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TABLE OF PHOENIX SIGNALS 
10 Hz Signals 

PIN # SIGNAL PIN # SIGNAL i 
i 

\ 
20 Seeker EL 121 R. Band Press 
21 Seeker Az 127 Seeker Az Er. 
30 Roll 139 Paccel Er. 
34 Rear t~xr 140 Y Integ 
39 Vrh 148 Vsg 
48 VFC 157 RIG Demod 
59 Vrg 167 Vsh 
60 AGC 9 G-axis lim 
66 RFC 11 4-axi s 1 im 
6S PFC 69 Dither 
70. Roll Integ 114 VCLO 

' 81 p 160 AVCO 
103 A. P. Moat Out 141 Y Accel Er. 
11'o Seeker E1. Er 180 fvlult Test 
119 P Lat Integ 196 AP Moat Cond. 

200 Hz Signals 
28 P Lat Accel 50 Y Lat Accel 
31 y 51 p 
32 R 

SWITCHED DC 
1 8 sec 81 Det 
17 180 msec 96 TO MOAT 
19 Pre Lau 0 99 so 
27 Act Init 104 FTS 
41 OT 111 XMTR PA 
46 SE 116 Cen Chan 
62 TL 131 AOT 
79 FRO 136 Timer Zero Set 
80 Rear 0 184 Hyd Press 
82 SAOT 

Pulsed 130 TOO 

Discrete 63 ID 

Table 1 -Missile Data Requirements 



(2) An A/D converter to digitize the analog responses from the 

missile. 

(3) A magnetic tape unit to store missile performance data. 

(4) Signal conditioners to buffer, scale, and amplify the 

missile response data. 

2.1 Definition of MST 

2.1. l Missile Test Program 

The PHOENIX Mission Simulation Test is a ~imulated launch of a 

real PHOENIX missile. The test is computer controlled by a MTP which 

powers the missile up, supplies multiple stimuli to the missile, and 

records time related missile responses. Continuous missile responses 

will be recorded on a 14-track magnetic tape unit. (See A/D driver 

belo~tl). 

The MTP will st1mulate all major subsystems of the guidance and 

control sections of the missile. (Refer to Figure 4). The MTP will 

interrogate the guidance section to find out if correct velocity and 

angle tracking are taking place. The control section will be monitored 

for proper steering responses. The steering commands in the control 

section will be compared to the seekerhead angle tracking error in the 

guidance section. The missile steering commands should null out the 

angle tracking of the seekerhead. The control surfaces (flippers) will 

be monitored to determine if the steering signals are of sufficient 

magnitude and proper direction to 11 Steer 11 the missile toward its inter­

cept point. 

13 
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2.1.2 A/0 Driver 

The second part of the MST, is to process continuous perfor­

mance data coming from the missile. The continuous data will be 

buffered, scaled, filtered, and recorded on a 14 track magnetic tape 

unit. The continuous data, after being recorded, will be played back 

through a data processing computer program call the A/D Driver. 

(See Figure 5). 

The A/D driver will accept the analog data from the tape unit, 

digitize it, and store the digital data in a computer. The A/D driver 

will sample the analog data at a specified rate. 

The driver will have the options of sampling on one, or up to 

eight channels (sixteen later). The A/D will be "triggered11 on a vol­

tage magnitude of the user's choice on all eight channels. The driver 

will also have the capability of saving data before the trigger 

actually occurs. 

2. 1.3 Data Processing 

After the continuous performance data has been digitized and 

stored in a computer, data processing will begin. The data will be 

outputted in tabular form for analysis or it will be plotted. 

An analysis of the data will also be possible. The digitized 

data will be compared to baseline missile response data. If at any 

time missile performance is not within baseline tolerances, the 

data will be flagged and a printout of the discrepancy will occur. 

When a response is out of tolerance, the subsystem where the 

signal originates from will be identified. Special subsystem computer 

15 



Stored 
Data 

1ir 

Data 
Listings 

HP 2116C 
Computer 

,. 
A/D 

Driver 

, 
A/D .._,. Converter 

,, 
Data 

Output 

1 

Data 
Plots 

.. 

--

asP. line* 
compared 

data 

*Not part of 
project 

Figure 5. - A/D Driver Program Integration 

16 

I 
\ 

i 

\ 
\ 



programs will be called in and for a more detailed test of the sub­

system. 

The minimum data available after the MST has run will be: 

(1) Standard GMTS printout (GO, NO-GO). 

(2) Computer listings of digitized data. 

(3) A statistical printout (MECCA Catalog Routines). 

(4) Computer plots of digitized data. 

(5) Special subsystem data listings. 



CHAPTER 3 

METHODOLOGY 

3.0 General 

Once the instrumentation requirements and the structure and con-

tent of the MST requirements were defined~ an investigation of the in­

strumentation and computer systems that were available in the Environ-

mental Simulation Laboratory was conducted. If an instrumentation 

system, that met the ideal requirements described in Chapter 2, could 

be built with existing hardware, a major milestone would be overcome. 

An investigation into the instrumentation applicability was performed 

on the below listed equipment. 

3.1 Instrumentation Investigation 

3.1. 1 PDP-11 Minicomputer Processor 

A PDP-11 Computer, manufactured by Digital Equipment Corpora-

tion, was procured by the Environmental Simulation Laboratory for the 

purpose of digitally controlling the numerous environmental chambers 

located within the laboratory. 

The PDP-11 was purchased, along with a standard ASR 33 TTY 

(Teletypewriter) terminal and a CRT (Cathode Ray Tube) console. The 

PDP-11 was purchased without a software package. Absolute binary 

paper tapes, that contained the desired computer programs to run the 

environmental chambers, were to be read in through the TTY terminal. 

Absolute tapes were to be generated by a TYMSHARE computer program. 

All the PDP-11 was capable of, was to read absolute paper tapes, and 
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output binary tape vi a the TTY terminal. 

The advantages of using the PDP-11 computer were: 

(1) Computer for data processing would not be the same as for 

controlling the missile. The HP 2116C would control the missile; the 

PDP- 11 waul d process the mi ssi 1 e performance data. 

(2) Real time data processing would be possible. 

(3) A general data processing system that could be applied to 

any test of any missile or missile component would be available. 

(4) The PDP-11 processor was available, it was not currently 

being used in any active Navy program. 

(5) An A/D converter manufactured by Datel Systems, Inc.was 

compatible with the PDP-11 and more than met the necessary data pro­

cessing requirements stated in Chapter 2. 

The disadvantages were: 

(1) The PDP-11 has small data storage space. The PDP-11 has 

12K core (4K in the processor plus 8K additional core). With less 

than 16K core, the computer programs would have to be written in 

assembler language. 

(2) The available A/D converter (HP 5610A) was not compatiable 

with PDP- 'Jl computer. Interface/buffer circuitry waul d have to be 

either purchase9 or designed; or another A/D bought. 

(3) It is inconvenient to program the PDP-11 computer without 

having an operating software package to use with the PDP-11 processor. 

(No EDITOR, ASSEMBLER or LOADER software is available). 

3. 1.2 The 1923 Time Data System 

The 1923 Time Data System was a system procured for real time 

19 



data analysis of vibration frequency spectrums. The system contained 

a complete 11 analysis package 11 employing the FFT (Fast Fourier Trans­

form) technique for spectrum analysis. The 1923 system was hardware 

limited to two analog channel inputs. No further attempt was made to 

make use of this system because of the two channel capability. 

3.1.3 The HP 2116C Minicomputer Processor 

The HP 2ll6C minicomputer, manufactured by Hewlett-Packard is 

part of the PHOENIX missile test set. As an available computer, the 

HP 2ll6C was also considered for applicability for developing a data 

acquisition system meeting the requirements of Chapter 2. 

Since the computer was part of the existing PHOENIX test set, 

there were definite advantages for making use of it. The advantages 

were: 

(1) Personnel were familiar with the operation and programming 

of the computer. 

(2) The system had all necessary software and peripherals 

(BASIC, FORTRAN, Assembler, Magnetic Disk, Magnetic Tape, Paper Tape 

Input/Output Devices). 

(3) The computer was convenient to use and was accessible. 

The disadvantages were the following: 

(l) There was limited core storage of missile performance data. 

(2) No real time analysis (same computer would operate both 

the missile and data recovery system) was possible. 

(3) Modifications would be allowed only if the integrity of 

the PHOENIX test set was not violated (GLAT specification require­

ment). 

20 



3.1.4 Combination HP 2116C and PDP-11 Processors 

The concept of using both computers simultaneously was also 

considered. The HP 2116C would control the missile testing, and the 

POP-11 would take the missile response signals directly from the A/D 

converter and store it. Immediately after the missile test had ended, 

the HP 2116C would receive the digital data from the PDP-11 and 

analyze it. The analyzed data would then be output to the HP 2767A 

line printer so the results could be viewed. 

3.1.5 HP 5610A A/D Converter 

The HP 5610A A/D converter is a general purpose converter, 

consisting of a 10 bit converter, a Sample and Hold amplifier, and a 

16 channel Multiplexer available with l, 8 and 16 channels. The A/D 

converter has the option of working in either REMOTE or LOCAL modes. 

The REMOTE mode puts the A/D under computer control. Each channel 

can be randomly or sequentially accessed. The conversion time is 

10 usee. The analog input range is + lOV full scale (15K ohms input 

impedance). 

The advantages of using the HP 5610A were: 

(1) The HP 5610A was compatible with the HP 2116C. 

(2) The A/D converter was not currently being used in an 

active Navy program. 

(3) The HP 5610A was easy to program. 

(4) The 10 bit resolution met Chapter 2 data requirements. 

(5) The HP 5610A was physically compatible for rack mount 

in HP 2ll6C equipment bay of the GMTS. 
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The disadvantages were: 

(1) The HP 5610A was limited to 8 channel (16 channel expan-

sian capability) operation. 

(2) The HP 5610A was limited to+ lOV input range. 

3.1.6 System 256~Data Acquisition System 

The System 256 DAS (Data Acquisition System) manufactured by 

Datel Systems, Inc. is a complete computer input-output system for 

analog signals. The system uses modules to enable the user to solve 

any problem economically, while allowing future expansion flexibility. 

The system itself is capable of handling up to 256 A/D channels 

and 64 0/A (Digital to Analog) channels. The system can be purchased 

with only 32 A/0 channels and without any 0/A capability. This system 

more than meets all of the missile data requirements stated in Chapter 

2. 

The advantages of using the System 256 were: 

(1) The system more than met Chapter 2 requirements. 

(2) Future expansion was easy. 

(3) The system had Hybrid computer interfacing capability. 

(4) The system did not have to have ADPE (Automatic Data Pro-

cessing Equipment) approval. 

The disadvantages were: 

(1) The Datel system would have to be purchased. It would cost 

a minimum of $5000-6000 dollars. 

(2) A software package would have to be developed or bought for 

the POP-11 (CPU). The System 256 interfaces with PDP-11 computers. 
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3.2 Design of Experiments 

An experiment was designed to obtain the frequency and ampli-

tude of several missile performance parameters .. The missile data 

characteristics listed in Table l, (Chapter 2) were obtained from the 

PHOENIX LIS (Laboratory Integrated System). LIS is a Hybrid simula-

tion of the PHOENIX missile using real missile hardware. The signal 

characteristics listed in Table l were a 11 best guess 11 estimate from 

the LIS laboratory. It was felt a test would help substantiate or in-

validate the frequency measurements listed in Table 1. 

A test was run on the PHOENIX GMTS to stimulate the guidance 

and control systems of the missile. The response signals listed in 

Table 2 were recorded on a strip chart recorder. Amplitude measure-

ments were simultaneously taken by the GMTS. 

MISSILE RESPONSE SIGNALS 
FOR MST 

MAX. AMPLITUDE NAME UP RTN 

+ 18 VDC Azimuth Steering Command (Vsh) 167 146 

+ 13.5 VDC Azimuth Error (Vrh) 39 40 

11 VDC Prelaunch Phaselock 19 146 

+ 15 VDC VCLO Control Voltage 114 40 

+ 10 voc Pitch Accelerometer Error 139 67 

+ 10 VDC YAW Accelerometer Error 141 67 

>4.5 VDC Transmitter-Oscillator MOAT 96 187 
Output 

+ 10 VDC Roll Attitude 30 67 

12 VDC Timer Zero Set 137 67 

Table 2 - Missile Response Signals for MST · 

23 



Frequency calculations were then performed on the VCLO (Voltage 

Controlled Local Oscillator) control voltage of the missile. During 

velocity search and acquisition, the VCLO control voltage changes at 

the fastest rate of any of the missile response signals. Calculation 

of the VCLO control voltage search frequency yielded approximately a 

20Hz waveform. (See Appendix B). 

The difference between the calculated value and the Table 1 

value of the control voltage waveform freqeuncy was thought to be the 

difference between the actual VCLO search rate frequency, and what was 

thought to be a good engineering guess as to the "steady state" track-

ing rate frequency. 

The 200 Hz signals listed in Table 1 were of even less frequency 

than the VCLO control voltage frequency. It was not determined why 

the Table 1 values did not agree with the findings of this experiment. 

Considering the worst case, if there actually were analog sig-

nals of a 200 Hz frequency, the A/D converter has a maximum sampling 

rate of 3.5 KHz per channel (17 times more). The 200 Hz signals could 

still be digitized and reproduced with 17 samples per cycle. 

3.2.1 Signal Degradation 

After the coaxial cables had been cut, laid in cable trays, 

and appropriate connections made between the GMTS patch panel and the 

TCR (Test Control Room) patch panels, experiments were conducted to 

determine signal degradation because of the additional load on the 

missile from the cables. 

Since typical missile response signals are of analog nature, 

(high signal level, low frequency) only two types of signal degrada-
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tion were thought likely to occur: attenuation (because of loading 

effects), and additional noise. 

A sinewave generator was used to determine signal attenuation 

from line capacitance and resistance of the cables. No observable 

attenuation occurred between 0-300 KHz; Above 300 KHz the sinewave 

generator did not maintain constant amplitude. No further attenuation 

measurements were performed since the frequency range of missile re­

sponse signals was 0-200 Hz. 

Signal measurements were made to determine the minimum signal 

that could be transmitted down the lines with a good signal to noise 

ratio. The signal was less than the 20 mv A/D resolution. Most 

missile responses occur in the 500 mv to 10 VDC range. Connecting 

the coaxial cables, tape recording equipment, and buffer amplifiers 

added no discernible noise or distortion. Overshoot of 1 VDC square­

\'Vaves (3 KHz) was less than 10%. In summary, signal degradation to 

expected missile response signals was negligible. 

Several missile tests were run with the response data being 

directly fed to the A/D converter and digitized. Several more missile 

tests were run with the response signals digitized by the A/D con­

verter after being recorded on a tape recorder. Data compilations of 

the two types d_ata showed no difference between the two types of data. 

3.2.2 Simple Assembly Programs 

In order to perform the necessary analog to digital signal 

conversion of missile responses, the A/D driver computer program had 

to be written in assembler language. Assembler language is the 

11 Simplest 11 language for a computer to follow and thus the most effie-
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ient. The maximum sampling rate as determined from Chapter 2 data 

requirements would have to be implemented into a software program, 

in order to satisfactorily reproduce the missile•s performance para-

meters accurately. 

Two simple assembler language programs were written to learn 

how to write assembler language programs, and thus ultimately write 

the assembler A/D Driver. The first assembler program written was a 

simple program to punch onto paper tape, the numbers l-256 decimal. 

The second program consisted of a FORTRAN program and an assembler 

program. This program allowed a driver for the paper tape punch to 

be called from FORTRAN. The A/D driver for the PHOENIX MST is called 

from FORTRAN, and this small program was a learning step toward 

writing the MST A/0 driver. Appendix A contains listings of the 

assembler language listings. 

3.3 Formulate Design 

3.3. 1 Choose Instrumentation System 

Consolidating the hardware investigation findings (Chapter 3) 

and comparing them to the missile data requirements (Chapter 2), the 

fo"llowing hardware options were open: 

Computers: POP-11 -Available 

HP 2ll6C - Available 

No option was considered for buying another 

computer because of funding constraints. 

A/D Converters: HP 5610A- Available 

Datel System 256 - Not available (must be used 

with PDP-11). 
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Applying the funding constraint stated in Chapter 1 a compro­

mise was made to meet missile data requirements. Since virtually no 

funding was available for procurement of new equipment, the choice 

was limited to using the HP 5610A A/D. The HP A/D currently had only 

an eight channel multiplexer. If the MST proved to be a useful tool 

in fault isolation, funding would be made available to expand the 

HP 5610A to 16 channels. With sixteen channels, all the MOAT 

(Missile-On-Aircarft-Test) parameters could be continuously monitored 

during GLAT. MOAT uses 14 unique signals. Although the 16 channel 

capability was significantly less than the ideal 64, m·issile response 

could still be determined, but without any room for more detailed 

analysis or flexibility for other missile systems. 

A comment must be stated about MST funding. The job task was 

funded for a five man-month period (approximately six calendar months). 

Coaxial cable, patch cords, miscellaneous connectors, and a patch 

panel, were purchased in order to 11 patch in 11 the MST A/D converter, and 

magnetic tape unit into the MECCA system. The money for the above 

hardware came from the MST general fund. Although the MST project was 

funded for labor charges only, approximately $500.00 was 11 Sprung 11 

loose to buy the necessary hardware. More money could have been made 

available for new equipment if sufficient need could be justified. 

The hardware investigation led to the conclusion that with 16 channel 

capability, most of the missile data requirements could be met. (See 

Chapter 4 Results and Conclusions). 

3.3.2 Hardware and Equipment 

The hardware necessary for eight channel data processing was 
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the fo 11 owing: 

HP 21566A 

Coaxial Cable 

Pitch cords (36") 

Pin jacks 

Patch panel 

Mi see 11 aneous 

connectors 

Miscellaneous hardware 

I/0 Interface card 

2000 feet (A 11 owed for two 

spare cables) 

25 

25 

Designed and made at PMTC 

10 

(Labeling, screws, nuts, 

insulation, ties, etc) 

The equipment necessary for eight channel data processing was 

the following: 

HP 2ll6C Minicomputer 

HP 5610A A/D Converter 

VR-3400 Tape Recorder 

Dynamic Filters and Differential amplifiers 

Appendix C conta·ins a complete list of all equipment that was 

used to implement the MST, and a complete list of equipment that was 

integrated into the MECCA system to be used as part of the MST. 

3.3.3 Block Diagrams of the MST A/D Driver and MTP Programs 

A block diagram of the MST A/D driver program was drawn to 

clarify the program structure of the A/D driver computer program. 

Figure 6 shows the structure of the A/D programs. 

A block diagram of the MST Missile Test Program was also 
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Call PRN 7700 

Input Data 
Parameters 

Set Buffer 

Float 

,, 
Convert Rate 

to 
Counts 

... -,. 

CATCH 
Get Data 

(Look ahead) 

.... .. , 
Plot or 

List Data 
I 

Main FORTRAN Program 

Start Tape 
Recorder 

,. 
SNARE 

Get Data 

FOR 
Pri 

FORTRAN Subroutin 
Plot 

-... Stop 
Tape 

Recorder 

FORTRAN Subroutines 
STOW & FPUT 

TRAN Subroutine 
me 

Assembler 
Subroutines 
CATCH & SNARE 

e 

Figure 6. - Block Diagram of A/0 Driver Program 
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drawn to clarify the structure of the MTP. Figure 7 shows the 

structure of the MTP. 

3.4 

3. 4. l 

Implement Design 

Description of the MST A/D Driver 

A flow diagram was constructed of the MST A/D driver program. 

The computer program consists of a main FORTRAN program, four FORTRAN 

subroutines, and two assembler subroutines. The driver is constructed 

so that the user can interplay with the computer console and obtain a 

great amount of information from the data that is digitized. 

Appendix A contains the A/D driver program listings. 

The A/D driver is initiated by calling PRN (Program Reference 

Number) 7700. A title block is displayed on the CRT and the user 

must specify his data sampling requirements. The data is then auto­

matically digitized and can be either listed or plotted on the appro­

priate output device. For operational instructions, refer to 

Appendix D. 

After the MST A/D driver program was written and debugged, of 

complier errors, one channel of the A/D converter was connected to a 

signal generator. Since the A/D converter is programmed to sample 

at a rate specified by the user, it was necessary to make sure what­

ever sample rates and delay times were specified, are reproduced 

accurately by the computer. The computer reference oscillator was 

used as a clock. The sampling rate was converted to time between 

samples. The computer oscillator would "count down" so many milli­

seconds, and then take a sample. After again "counting down 11
, the 

computer would take another sample, etc. 
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Call PRN 7800 

Input 
Target 

Parameters 

..... 

, 
Power up 
Missile 

~· 
Safety Checks 

1 

LTE 
Missile 

I 

' Monitor 
Responses 

Call PRN 7710 --..... , 
Power Down 

1 To A/D Driver Program 

Start 
Tape 

Recorder 

Stop 
Tape 

Recorder 

Figure 7. -Block Diagram of Missile Test Program 
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The A/D driver also has a delay time feature. The A/D will 

wait 0 to 30 seconds after the trigger occurs before sampling. The 

computer oscillator was used in the same manner, to count down until 

the specified time lasped, before taking samples of missile response 

data. 

When fine tuning the sample time and delay time loops, it was 

discovered that the polarity of the DATA READY FLAG was opposite of 

what the converter required. Modifying the card to the proper logic 

level eliminated timing problems that were occurring in the timing 

loops. By using the reference oscillator, the timing loops in the 

A/D driver program have an accuracy of+ 1.6 usee. Appendix B contains 

calculations and procedures used to accurately determine timing para­

meters so the timing loops could be accurately programmed. 

3.4.2 Description of th~ MTP 

The rnP was written to provide maximum flexibi 1ty for putting 

in target parameters i.e. (doppler frequency, signal strength, rear 

doppler, etc). All target and missile parameters necessary for launch 

are inputted via the computer console. This allows for a greater 

flexibility in providing launch parameters. Appendix A contains the 

program listing of the MTP. 

After all the launch parameters have been set, the missile is 

powered up and a number of safety checks are made. (If any unsafe 

condition exists, the missile is powered down automatically.) The 

missile is executed through a LTE (Launch to Eject) cycle and is 

allowed to search for a target. The missile should track the target 

supplied via RF horns, and the missile response signals are recorded. 
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The most distinguishing feature of the MST is that the missile 

timer which controls all control system functions, is turned on. With 

the missile timer going, the missile guidance and control systems are 

allowed to run through the MBAM (Main Beam Avoi~ance Maneuver), mid-

course guidance, and terminal guidance phases of flight. 

The MST monitors the following missile parameters in a sequen-

tial manner: 

Feedback Pots 1-4 

Azimuth Steering Vsh 

Elevation Steering Vsg 

SAOT (Semi-Active-On-Target) 

AOT (Active-On-Target) 

And computes Feedback Pot rates 1-4. 

The MST will monitor continuously any of the signals listed in 

Table l. A "standard" set up for monitoring missile performance is 

composed of the following missile signals: 

Detection Signal/Timer Zero Set (Trigger) 

VCLO Control Voltage 

Azimuth Steering Vsh 

Elevation Steering Vsg 

Autopilot MOAT Command 

Pitch Accelerometer Error 

YAW Accelerometer Error 

Roll Attitude or AGC (Automatic Gain Control) 

From the above signals, subsystem functions of the missile can 

be measured and determined to see how well the missile is working as a 
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total system. 

3.4.3 Data Analysis Programs 

Once the missile performance data has been digitized, the data 

will be processed in at least two ways: Statistical calculations will 

be performed on each missile response to see if the response "matches 

up" with past responses (Discrete data points); and the entire signal 

will be compared to baseline responses to see if the missile performed 

correctly throughout the complete launch to intercept time. 

The data comparison programs will not be written as part of this 

project. These programs are mentioned here to show how the missile 

data will be used. It is anticipated the programs will take the 

following format: 

(1) A program to separate 8.-16 channels of data. 

(2) A "goodness of fit 11 test to baseline data. 

(3) A timing correlation program to determine what subsystem 

in the missile was responsible for an unsatisfactory response. 

3.5 Validating the MST 

A simple procedure was created to validate the MTP and the A/D 

Driver programs. First, several missile tests would be run using a 

standard missile test. Second, several MTP's would be run, and com­

pared to the standard missile test. If no difference in the perfor­

mance data could be ascertained between the first and second set of 

tests, a third set of tests would be run and the missile responses 

recorded on the MST magnetic tape unit. The results from the second 

and third set of tests should be statistically the same if no de­

gradation in missile response occurs. If there is no statistical 
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difference in missile response, the MST would be considered valid. 

Preliminary data indicates, no discernible difference in 

missile response using the A/0 data conversion technique. Validating 

will continue to gather additional data using several missiles. 

3.6 Future Development 

The MECCA system is always being updated and its basic capa­

bility expanded. It is anticipated the MST described in this report 

will be expanded. 

Two additions could be made to make the MST even more useful. 

It has already been mentioned that the data handling capability of the 

HP 5610A could be expanded from 8 channel to 16 channel merely by the 

addition of another 8 channel multiplexing card. Sixteen channel capa­

bility allows all fourteen MOAT signals to be monitored continuously 

and simultaneously as on the F-14A aircraft. 

The second addition could be integration of a RFMTG into the 

MECCA system. The present PHOENIX GMTS provides a constant angle 

target. Providing a moving target both in velocity and angle will 

allow the missile to demonstrate its dynamic tracking ability better 

than it now can be moni tared. By improving the basic capability of 

the MECCA system, GLAT can become more effective. 
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CHAPTER 4 

RESULTS AND CONCLUSIONS 

4.0 Results of Investigation 

Although the funding constraint did not allow a great deal of 

choices between equipment, the following results were obtained from 

the investigation discussed in Chapter 3: 

(l) Using the PDP-ll computer for data collection would be 

the most versatile. 

(2) A minimum of an additional 24K of core memory for the 

PDP-11 would be necessary to give the same data storage as using the 

HP 2116C. 

(3) Using the PDP-11 system would make real time data pro­

cessing possible. 

(4) Tape recording the missile response data makes it un­

necessary to perform real time data processing. 

(5) The Datel system 256 analog-digital system is ideally 

suitable to use with the PDP-11 computer. 

(6) The_system 256 meets all data processing requirements and 

has the capability to handle future expansion. 

(7) Using the HP 2116C computer for data collection does not 

allow real time data processing. 

(8) The HP 5610A A/D converter does not allow for future ex­

pansion of data processing requirements. 
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(9) Using the HP 2ll6C and associated software package made 

the programming of the MTP and the A/D driver time effective. 

4. 1 Results of Experiments 

The results of the experiments conducted in Section 3.2 yi~lded 

the following: 

(l) The coaxial cables did not 11 load down 11 the missile re-

sponse signals. 

(2) The missile response signals could be recorded and digitized 

with negligible degradation. 

(3) The MTP and A/D driver programs worked as planned. 

(4) The PHOENIX test set was given the continuous data moni-

taring capability without modification. 

(5) The continuous performance data was useful. 

4.2 Questions Answered by this Report 

General Design Questions 

(l) Can the existing PHOENIX test set be used for A/D conver-

sian? - Yes. The PHOENIX test was successfully used to monitor con-

tinuous performance data. 

(2) Does the PDP-11 computer have the capability of processing 

data from the HP 5610A A/D converter? - Essentially No. Without soft-

ware and interface circuitry, the PDP-11 could not be used to process 

the digitized data from the HP 5610A. 

(3) Can the HP 2ll6C and the PDP-11 computers be used in com-

bination to run missile tests and process missile response data? -The 

same answer as in two above; without PDP-11 software, no attempt was 

made. 
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(4) What tape recording capabilities presently exist? - For 

analog data recording, there were two magnetic tape units. One 7 

channel, and one 14 channel. The 14 channel VR 3400 was chosen so 

that with expansion to more than 8 A/D channels, tape recordings 

could be made for up to 14 channels. 

(5) Will the MST allow real time data processing? -The con­

figuration chosen does not allow real time data processing. 

(6) What computer language will be most useful for operator 

interplay? - The MTP employs BASIC language. BASIC is easy to modify 

on line. The A/D driver program was written in both FORTRAN and in 

assembler language. The operator cannot modify the A/D driver on 

line. The A/D driver was purposely programmed this way so that the 

precise timing loops could not be changed. 

(7) How much computer memory will be available? - The PDP-11 

system had less than 4K of memory. The HP 2ll6C had more than 6K, 

and could be programmed using the disk to give over 12K memory for 

data storage. 

(8) Will the HP 5610A A/D converter handle the expected data 

rate? - The A/D driver has a 28 KHz sampling rate, more than 

necessary. 

(9) Will a signal multiplexer be required? - Yes. The A/D 

converter uses an 8 channel multiplexer. 

(10) What signal conditioning will be necessary?- No amplifi­

cation of the missile response data was necessary for tape recording. 

The data is fed directly to the tape unit. No filters are necessary. 

Some scaling is necessary if the missile responses rise above + 10 
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VDC. 

(11) What signal conditioning capabilities presently exist in 

the laboratory? - Complete buffering, amplification, scaling and 

filtering are available. 

Specific Design Questions 

(1) What type coaxial cable will be used?- Aircraft wire type 

II, AWG 20 conforms to MIL-C-7078A. 

(2) What missile response signals will be monitored?- Essen-

tially any of the 200 umbilical signals can be measured, but Table 2 

lists the response signals that will normally be monitored. 

(3) What sampling rate and amplitudes will limit signal pro­

cessing? - The HP 5610A is programmed to sample up to a 28 KHz 

sampling rate. Some amplitude scaling will be necessary if the re-

sponse signal level exceeds ~ 10 VDC. 

(4) What trigger source will be used? - Either the Timer Zero 

Set signal, or the velocity Detection Signal will be normally used 

for a trigger source. However, any of the missile response signals 

can be used for a trigger. 

4.3 Conclusions 

The following conclusions can be drawn from this project re-

port: 

(1) The concept of using the HP 2116C computer as a missile 

controller and a data recovery tool is possible. 

(2) Continuous data monitoring of missile performance data 

does not degrade the missiles responses. 

(3) The GLAT specification requirement that the PHOENIX test 
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set not be modified has been met. 

(4) The contractor•s software can be used for testing 

missiles, and continuous data monitoring can be used without chang­

ing the contractor•s software. 

(5) The MST is a useful tool for fault isolation of missile 

problems. 
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APPENDIX A 

Computer listing of two simple assembler language programs. 

Computer listing of the Missile Test Program. 

Computer listing of the A/0 Driver Program. 
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1 COM ·D [53) 1 H [~~:~J 'II {2bJ 1 E [:>:-,}, K [\HI) .l n.i~l ,.N t~l r P [q] 

2 REM Ms·r (ti!SSION SHllJt.AT!(l!J TEST) MISSILE TEST rr<nGRAI1 
3 REM HTP OE~IGNEO BY L.E. SELLERS 
A R 01 P rHl 7 8 Vli:J 
!5 GOSUB &7i1~ 
2l:, S;irJ()S~J (~, D tSlJ, f.) 
25 I..El R~0 

30 u:1 ""2u 
35 GOSufi !>046 
90 ROD Ptll,Pl3J,P[4] 1 Pt5J,P[7l 
1~0 OATA 0,e,o,1,41 
105 DATA 1,2~3,0,2,2~q,2~1 
110 PRINT ~FOR STT MODE INPUT [1), FOR SOH INPUT Cm)" 
115 PRliH 
12\1 !NPUT PC2l 
130 PRlNT "I~P~T VELOCITY UPDATE 00PPLER, RANGE "10 TO 99.65a 
140 PRINT "INPUT TARGET DOPPLEH, RAiGE qti2. TO 19J" 
1~0 P~INT "I~PUT REAR DOPPLE~, RANGE •127 TO 128~ 

155 PRINT 
16~ l~PUT 03 1 09,08 
170 GOSU8 6~1H1 
215 Lf.l 06::09 
22'1 LEi t:t::~4f!1 
230 i,.ET t:2= 1 
240 LET t.3di2 
250 GOSUb 7vH10 
2!:55 L.ET D6;:Db 
26-;, I,.ET t1=2V! 
270 I..ET E2= 17 
2cHl L.£T E3= 127 
29~ GOSU!:) 70vH1 
708 ?R!Nl " WHAT S/A CHANNEL OU 
702 PfllNT 11 5/A CHN. it1 TYPt: 
704 PRINT ~ S/A CHN. N2 ~- TYPE 
706 PRINT 11 ~/A CHN. ~3 TYPE 
708 PRINT 11 S/A tHN. M4 TYPE 
710 PRINT ~ 5/A CHN. U5 TYPE 
712 PRINT 11 S/A CHN. #H -~ TYPE 
713 PRJ.NT 
714 INPUT P(6l 

y OJ ~1)5 H'i H 

IN 13:) jl 

IN 6ti " 
IN 67 It 

IN (Hi 
,, 

IN G9 !I 

IN 7V'i II 

715 PRINT "CMO VEL;"D3;"lARGET DOP~"09;"REI~ OOP="O~ 
-7 1 6 P ~~ l N T " P ( 1 > :: " P c 1 J 1 li P ( 2 ) " " P t 2 1 ; " r < 3 J ~; " .., t 3 1 ; II F' c r. ) "' '' P r ;1 1 
1 1 7 P R rr-n '' r < 5) ~ "P t 51 ; "P t t1) "'" P u;; J 1 "r o ) :t. "P t7 1 ; 11 P t H) :: •· P un ; II, c en ::- " 
716 PRINT 
720 !F P[5J:::65 THEN 734 
722 If P[5l=b5 THEN 730 
724 If P[6J=ti7 THEN 742 
7 2 6 I f P r ol :: b?. n; t: ~>1 7 1; 5 
728 IF Pt6l=ti9 1H~N 75~ 
7J0 lF Pt6l=7~ THEN 7~~ 
7~2 lf' Pl6)<65 CHl P[o}>7k' THEN 12\1 
7 3 4 G 0 S 1J 8 3 'ill1?. 
7 3 6 (; 0 T!J 7 56 
738 GOSU8 3010 
74t1 (.;OlO i!l6 
742 GOSIJB 3V.31?1 
7A4 GOlO 7~6 
7 46 GO!:> liS 3~13~ 

74~ GOTO 7o6 
750 C?OSIJl.> J(140 
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752 GOiO 756 
7 5 4 G 0 S U b 3 0 5 ~~ 
7~6 ~r:1" nSL. ADI) 
756 DAlA 2,1~0,1~2,~ 
76~ R[M A T biAS 
762 OAlA 0,m,~,o.~ 
772 rO~ 1=1 TO 6 
774 RUD L £ll 
776 N0.1 l 
778 fOR J~11 TO 19 
779 RUD l. (Jj · 

78~' ~JOT J 
7B3 FO~ 1~1 TO 59 
7o4 i-'?.lNT \... [ll, 
786 N~.XT 1 
79~ P~!lNT 

83C. l..ET A6::99 
835 PRINT ~TYPt JN TARGET ATTN (0 TO 9')" 
841'3 HIPUT Q 

845 LET A3=ABS(Q) 
847 PRlNT "Q; vg,~A3~ "A3 
8119 Pf1HH 
850 
1055 
HH.i~ 
1075 
1080 
\ 0 P. ~; 
1 Hl~ 

~""""~ ::H1:11 
3002 
3f/~3 
3vH14 
3eC15 
30!0 
3011 
:5 1il12 
3013 
30!5 
30?.1 

·3022 
30:?J 
302~ 
3030 
3\JJl 
3032 
30::.3 
3035 
304(1 
30~! 

3042 
3~·~.3 
3C145 
3050 
3051 
3052 
3~l5~ 

3~5~ 
5'145 

GDSUil 55tl0 
SMOOSW (1 1 9,f) 
5MOO~!• (1,69 1 E) 
LET R:q J~~ 
GOSUB 8600 
PAUSE 
tlNl\ 7810. 
REM S/A CHANN~L SELfCT 
LET l.l7l=1 
\..tT L.tBJ::\.15 
VT 1..!9l=0 
l..tr l. t 1 '3] ::C(1 
;n: ru ;~ N 
1..£:.1' L !7J =2 
l.n l. raJ ~<Si5 
l.ET L (9) :::.12!! 
l.E1 i..t10)::0 
l-lt.:TUHN 
L.U L (8j ::&5 
Lt:T U9Jl:149 
ttT l.[1t1l:;0 
f<E IV;(~, 
LET Lt;tl::J 
L. f i l [ 8 J r. 9 5 
L.tT I. [9j :; l2il 
LET L.l10l:o149 
H[TlJRN 
LET L·cn :;2 
l.f: T L. (8J :;95 
t..E'i L [9J "1 68 
lt:: Y L t Hl J l:l 0 
~t:TUrlN 

l,ET Ll7J=3 
L.ET l..t8l=95 
LET Lt9l=128 
I..ET l t1~l ~<168 
HlTURN 
RtH PNR ON/OFf TIME 
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50~6 

b047 
5048 
501\9 
5050 
51151 
5052 
ti0t.i3 
5550 
5551 
5552 
5553 
5554 
5555 
5556 
5557 
5558 
~559 
5~(hj 

5561 
5oo2 
5b63 
5o64 
5565 
55tio 
5567 
6000 
60!15 
6Bl~ 

6015 

6{1?.5 
61330 
6035 
60t.0 
6045 
605~ 
6055 
6060 
6065 
6Vl7:?J 
'607~ 

6\180 
608ti 
6090 
6095 
6097 
7000 
70i14 
70()6 
7l~l'll3 

SCOM Hl,S,A,E) 
CLKRO (Oi,Hl,~l,Sl,E] 
LET Sl~H1•3b~~•Mlt6~•INTCS1+.5) 
IF H~H AN0 St~S 0~ R=l THEN 5M51 
Lt:T S1"Sl·Hio400 
u::r s=st .. s 
SCUM (\,S,A,E) 
Hr:TuRN 
kEM T AHGET ATTN 
IF A3<~ Ok A3>99 THEN 835 
MODS~~ (2, 17~1, l) 
LET Xl=lNT(A6/10) 
LET X2oJNT(AJ/1~] 

LtT XJ=A6•(10*X1) 
LET X4~A3•(l~*X2) 
If Xl=X2 THtN 5560 
lf (X1<X2 AND Xl+5 >~ X2) OR [Xl~X2 A~O X1•5 >= X2) THEN 556 
i·10DSW ( 1 ,187, £) 
If X3nXA lHEN 5~63 
IF (X3<X4 AND X3+5 ~~ X4) Ok (XJ~X4 AND X3-5 >= X4) THEN ~56 
M\J!)S~l 0,17!.,E) 
WAIT (20) 
MOOSW (1,177+X2,E) 
MODSW (l,l61+X4,E) 
LET :\6:::A;5 
/1t:TUPIN 
bET Doc(D3+10,2)/,51 
LET Nl::D5/36 
LET N2=D~·INT(N1)*36 
LET N3=N2/6 

FOR C=l TO 3 
lf C>1 1HEN 6045 
LEi No:: U.JT U~J) 
GOTO 6\165 
IF 02 TH!::N 6061" 
LEI Nti;:!Nl (N3) 
GOTO 6lil65 
LET No::JNT(Nt) 
!F N6>2,5 TH~N 6~8~ 

LET NtC)::3t(N6t2)·~*N6+4 
GOTO 6tHi!:i 
LET N{CJ::•3*(N6T2)+25tN6·~7 

NEXT C 
LET P(BJ:~:50~H10+.~·1[lJ·Hl[2) 

LET P r 9 J :.: I (~ >101:1 w N [ 3) + 6 ~ 2 <1 

HETUF<N 
LET 0/ :iOC.~f.~ 
L.ET c~11 

l.f.'f D" l 
LE.l l.tt:l.+!1~'l£El+Ul~·~:~ 

701~ FOR N::7 TO 0 STtP "1 
/012 If 07 >:.: 2-t/i THEN 7V2\:l 
7(114 l.ET E::C+1 
7~16 ~tT LtE1~Ll=N+f2 
7018 GOTO 7VI~ti 
7e2?1 L.!:. T D:c:D+ 1 
7~22 LET LtE1~Ul~~+E2 
7~24 LET D7=D7•2tN 
70;.?.6 NOT tl 
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SCOII (Cil,S,A,E) 
CLKHD (Ul,Hl,M1,Slri) 
LET Sl=H1*3b~~+Ml*b0+1NT(S1+.5) 
IF R~o ANO 51>5 OW R~l THEN 5~51 

LET 511151-l-86400. 
I..E.T s::st .. s 
SCUM (l,S,A,E) 
~!::TURN 
REM TARGET ATHJ 
1~ A3<0 OH A3>99 THEN 835 
MODSI1 (2,17l1,E) 
LET X1=INT(A6/1~) 
LtT X2QlNT(A3/10) 
Ltl XJ~A6~(t~•X1) 
LET X4=A3-(!C~X~) 
If Xl~X2 TH~~ 5b6~ 

~-

5046 
5047 
5048 
5049 
5050 
5051 
5052 
5053 
5550 
5551 
5552 
5553 
5554 
5555 
5556 
5557 
5558 
·5559 
5560 
5561 
5562 
5o63 
55Gt. 
5565 
5566 
5567 
6000 
6005 
6010 
6i!li5 

IF (X1<X2 AND ~1+5 >= X2) OR (Xl>X2 AND X1•5 >= X2) THEN 5560 
:-w D S W (1 , l 8 7 , E ) 

6025 
se3i1 
6035 
6040 
6~45 
6C5~ 
6!155 
6061!) 
6065 
6070 

IF X31lX4 THEN 5~63 
IF (X3<XA ANO X3+5 >= X4) ON CX3>X4 AND X3•5 >: X4) T~EN 5563 
MO{)SI~ (1,171,E) 
Wt.IT (20) 
MOOSW (1,177+X2,t) 
HOOSW (lrl61+X4,E) 
LET A6::AJ 
kt:TU~N 
LET 0~=(03+10.2)1.51 
LET Nl=D5/3f> 
LET N2=D5~INT(N1)*36 
LEi NJ=N2/6 

FOR C=i TO J 
lF c· 1 THE.N 6~115 
LET N ti :: I N T OJ <l ) 

GOTO 606!:> 
lF C>2 THEN 6~60 
LET No~lNT (N3) 
GOTO 6065 
LE.l No=lN'f (Nt) 
If N6>2.5 THEN 6Me~ 

LET N[C)~J~(N5t2)-~*N6+4 
607!) GOTO fH~85 

608~ LET NtCJ::•3*(N6t2l+25*N6•47 
6085 Nt.XT C 
6090 LET P(SJ~50~+1~'N(1J+N[2) 

67!95 LlT Pt~l=l000~*Nt3J+6~24 
6(197 RETURN 
73MB LET 07=06tE3 
7004 LET C:~11. 

HH16 LET D= 1 
7008 LET ~tE1+1l=ltEl+ltl=43 
7010 FOR N=7 TO 0 STtP -1 
7012 IF D7 >:: 2tN THEN 702~ 
7~14 LEY C::C+1 
7016 LET LtE1+Cl=N+E2 
7018 GOTO 7VI26 
7020 L.t:T :J::£)+1 
7822 ~ET LtEl+D)=N+E~ 
7~24 LET 07;U7~21N 
7026 Nt:XT N 
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7028 
7~30 
7032 
7034 
7036 
Hl38 
7040 
70i12 
7050 
86~~ 

8601 
8602 
8603 
8604 
Bfi~5 
86~6 
85117 
8608 
8609 
8610 
6611 
8612 
8613 
8614 
8615 
8616 
8617 
8700 
87~1 
87112 
87~3 
8704 
8705 
870ti 
8708 
8710 
8712 
8713 
8715 
8717 
8720 

- 8722 
8724 
6726 
8748 
875J1 
87:.2 

FOR N~fl+C+l TO E1+19 
LET L(NJ;;tl 
Nf)(T N 
FOR N~E1+D~1 TO E1•9 
lET l... [N] ::0 
Nt.XT N 
UT !..[E1J::Q 
L.tl L.[E1+10l::G-Hl 
t(f:TU~N 

REM CHECK HPS THERM 
PHINT ~LOOP UNTIL THERM >"R 
PRINT 
PH!NT PJIME":" THERM" 
1·1XBAR (76,144,£:) 
UVMSU (l,l,t,t;:) 
LE.f 'i:qlj 

wAIT (2110) 
DVM11U (1,V,1,E) 
If V<,669 THEN 8611 
LET V=.669 
LET R1::(V•25~0)/(,67-V) 
LET T=T+l\:1 
PRINT TJR1 
IF Rl>R THEN 8617 
WAIT (%0e) 
GUTO tl5~8 

RETURN 
RE~1 riEADER 
CRT (•1 1 0,1:1,E) 
OUPR INT C1) 
P_RINT 
PRINT 

* * 
"'" •" 

PRH1T 
PRINT II 

PHINT 11 

PRl~H " 
PRINT 11 

PRINT ll 

PRINT " 
PRINT 11 

PRiNT " 
PRINT 11 

PRINT 

*PHOENIX IHSSION SPiULATlON TEST •" 

PRINT 
DUPRINT 
RE.TURN 
END 

(0) 

MISSILE TE&T PROGR~M 
*': 
"'" 1r'' 
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\'{11 
15 
2Vl 
30 
40 
42 
45 
5~ 
5S 
60 
100 
110 
12~ 

130 
14~1 
150 
160 
H0 
180 
1155 
1161:l 
1165 
11711 
1175 
!180 
1185 
119~ 
1195 
1200 
1205 ,,,fA 
1225 
1230 
12~0 

1271'1 
1275 
12BV.l 
1285 
1267 
1290 
1295 

"i 3 (10 
1305 
131 Q) 

1315 
1320 
1325 
1326 
1330 
13-11!1 
1~=>11 
1355 
1357 
1358 
1360 
136?. 
136!l 
13.,~ 

1375 
H85 

c o 1·~ n ' 5 3l , H l :> ,::~ l , v t 2 s J , E t 2 ~ 1 , K t 2 ~ l , L t !i ~} l , "' c 5 J , ~> t 9 1 
Rf.tl p;~:N 7 8 ~.(I 
G ~l S U D 1:\fl vH·J 
GU~u6 751hl 
GOSUb .56/~ 
PRINT "SAFElY CHECKS HAVE HfEN MADE" 
Plo"!iNT 
LET fi"-';J 
Lt::l A:.::~~5 

Gosua 5045 
~.ET l-P'P£1) 
LE.T i..2~P(~l 

I.ET t.3r:F L3l 
1-,ET L4::P t4l 
L.E:l L.5::P [5) 
LET L6=Plcl 
LET L7 ~P t7l 
L.ET L8=P\8J 
LET U~~>P t!Jl 

GOSU6 62~illl 
DATA 19,2J4 1 233,232 1 23\,230,228 1 227,226,243,239,238,?37,2~6 
DATA 246,253,25~ 1 251 1 250,249 
GOSUB 5200 
GGSUB 722\.'l 
SMOOSw (1,1112 1 E) 
WAlT (20) 
SMODSW (1,47.!::) 
~IAIT (2~) 

GUSUB 620V1 
DATA 4,1~2,47 1 18,137 
<:Mnn.:;w rr:,:l< rt.l ~~) 

CL.KTl (1,tJ,E) 
DVSHIR (2,.4,20,E) 
OVSH!R l3 1 •.4 1 20,£1 
DVSHlR (1 1 ·1.5 1 20 1 £) 
GUSUB 621il0 
DATA B 1 214,b2 1 166 1 2dr21~,35,224,60 
snoosw (1,v. til ,E) 
HClDSI·i (1,42,E) 
FOR I::t Ttl 2~ 

flf.AO L tll 
Nt::XT I 
~~ 0 0 S ~1 ( 1 , 4 :> , E ) 
MODSW (l•~.£7J,f) 
1'lODS1~ (1-id .. {lJ ,E) 
MQOSi'i (l,l(Il),E) 
MOOS:•i ((1,1,.. [lt\J ,U 
S ~~ 0 0 S l'j ( 1 1 6 1 1 t ) 
DATA ~ 1 39,3ij~J7,J5,33,3 1 ~~,36,34 
DAlA b,43,7,6,5,6,2 1 4 1 H,J,I 1 43 
DVt·HHJ 0 1 1Vl,0 1 E) 
~1X5AR (~9 1 fi7 1 E) 
L E T f 7 :: 1.. 9 I 1 ~;t'. 0H?t 
LET FI~INT(F7)*l~~A~ 

L.l:T L9=l'3054 
GOSU8 3(1¥10 
CLI<TI (2,1,E) 
WAIT [(1.Y8uT)~1~0M) 

Dv~>~~lu c2, v t 11 , :;~\~~, r-: on 
~!All (4!:>Vl) 
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1390 
1395 

:·' 
1:1 Vl ~ 
1410 
1<11tl 
142!:1 
1430 
1435 
1440 
144!.i 
1450 
1460 
146o 
1475 
! 48.0 
1490 
149!> 
1500 
1510 
1515 
1517 
1518 
152~ 
1522 
1525 
1530 
153!> 
t54e 
1545 
155(3 
lo55 
156~j 

1565 
1~711 
1570 
158~1 
1585 
1590 
1595 
t6(1VJ 
1fi(.1 t> 
-166~) 

1670 
1675 
158f1 
1t.ao 
17 ~H1 
'7111 
1715 
1720 
1725 
1730 
173!; 
1737 
1738 
1740 
1742 
1745 
175~ 
175~ 

t-tOOSw ( 1, 531 E) 
RG40M (l,L8,L9,l,E) 
MXiH.ii (1Vll,-1,E) 
WAIT (f\95) 
OVtHitJ (2,v(J)I50r>.,E[3]) 
WAIT (4o~) 

RG4~M (1,L8rL9,1,E) 
MXBAR (167,146,E) 
W~IT (33l71) 
DVt1t1U (1 ,y t5J, 1 ,E [5~} 
WxBAR (148, .. l,E) 
DV11MU (1, v [6], 1 If [6]) 
MXBI·R (122,67,E) 
~lAIT (47Vl) 
DVHMU (2,\'(i'] 1 5!1(~,£(7)) 
WAIT (155) 
RG40H (11LBoL9,1,E) 
MX8AR (1~3,-t,E) 
wAIT (19:5) 
DVHMU (2,V[9J,5~0~£t9l) 
LET F7=L9/10\1(-HI 
LtT F7=1NT(F7)*10~~M 
L.Ei L,9cti6~44 

Gosua :wm1 
GOSUB 62~l~ 
DATA 8,~2,16619,35 1 24,15,213,214 
SHDDSW ~;1 1 K ( 1l r £) 
SHOOS~! (1 1 6B,E) 
StlODSW (l, 48, t) 
GOSUB 84~11:1 
OVI·\SLI {1,!0,0rfl 
MXBAR (d2,146,E) 
CLKTI (~,l,!::) 
~AIT ((B.94-T)*1~~0) 

FOR C=11 TO t4 
~G40M (1,L81L~,l,E) 
I<! AI T (32!3) 
DVMMU (l,VtCJ,t,E(CJ) 
If Cc14 THEN 1665 
WAIT (163o) 
NEXT C 
Lt:T V r.t 5} ;:5 
u: T E ( l :> J ::: 2 * S r, N ( E (1 U + E t. t ~ l ~ E r1 31 + E 0 ·11 ) 
IF VC11Pl OR V[12l>1 OR vu:~J>l OR Hl4Pl THEN i70P 
LEi' Vl15i=0 
s ~'10 D s ;·l t 1 I 1 !:1 ' E ) 
MODS~l (0,Un,U 
t-W D ~ ~~ { 1 .• 1 8 2 , E ) 
CLKTI (2,T,t:.) 
WAIT ((1G.94•T)*100~) 
RG40M {1,LB,L9rl,El 
wr<I r (32t·)J 
0 v ~~ ti u ( 1 I v ( 1 6 ) , 1 1 E { 1 6 J ' 
L t. T F 7 ;: L. 9 /ll1 ~': QH) 

LET f7=1NT(~7)•1000~ 
L.I:.T L9=6o!;l42 
cosua JIH~~ 
wAIT (164~l) 

RG40M (1,L,8,L9,1,E) 
~IAn (32~1) 
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17 6k~ 
1770 

.. · 1775 
17 e t1 
1785 
179j 
1 8CH~ 
11H12 
18;15 
18~7 

1810 
1815 
1tl20 
182:; 
1U3~ 

1835 
11340 
1855 
186i1 
1662 
1865 
11-J70 
1871 
167~ 

188\1 
1885 
189(1 
189!:> 
19~0 
191(!) .. , .. 
-4 .... t. • 

1912 
1913 
1914 
1915 
1~16 
1917 
1920 
192!5 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
194~ 
1946 
1948 
1950. 
1951 
1952 
1953 
1950 
1956 
1957 
1958 
1959 
1 Y6~l 
1965 

DVP-i~tU (1,V C17l ,1,E(17)) 
~I A Il' (1 6 4 ;j) 
RG40H (l,LB,L9,1,t) 
OV1·1~U (l.l0,1,E.) 
MXeAfl (131, .. 1,EJ 
WAlT (120-!l) 
DV~HIU (1,Vt18J,1,Et18l) 
DVM:;U (1.1~ 1 2 1 0 
~\llOS~~ (~.l7rt.,:.) 

WAIT (to) 
~lOOSW (1 ,183,£) 
MQOSW (1,16j,E) 
SHQDS~I (1,1!1,!;::) 
SMODSW (1 1 91JrE) 
CLt\Tl (2,T,E) 
~AIT ({22,94~T)*!~~0) 
RG~~~ (1,L&,L9,1,El 
WAJT (2~011) 

ovr·lMU c1," t19l, 1,t: t 191' 
M[li)SW (1 ,187, E) 
MOllSW (~,183 1 1::) 

MUOSW (1d8\~,!:.) 
1-IAIT (8~Hl0) 

OVSHI~ (2,6,20tE1 
OVSHIR {3 1 6,2~,() 
GOSUB 62Wt 
SMOuSI~ (1 rK [1] ,£) 
OAlA 4 1 219 1 220,193,162 
MXBAR (14b 1 !46,t) 
WAlT (3jt~\,:i) 
I Ct" ,, .,,,.. -t;a, 
H- t , "!-- .... "" ~· 

FOR C::l TU !l~ 
DVI-ifiU (i.v,l,Et2Z~}) 
I.e T v t2~ll =v £~!~ll <-V 
WAIT (20) 
NEYT L: 
L f.l V ( 2 ~J) = V ( 2 11 l I 5 ~1 
HX!HR ()67,•1,E) 
wAIT (1~1V.0) 
LET V t?.ll ::0 
FOR c:• 1 El 50 
OVMMIJ (i ,V, 1 ,f~ t21l) 
LET Vl2lJ;V[21J+V 
riAIT (2tj) 

NEXT C 
LET Vt21J=Vl?.1J/5C1 
GUSUB 620~ 
DATA l3 1 1YR,l62 1 61,69 1 40,6B,219r22m,19,99 
DAlA 60,224,16 
SMU()Sw (Vl 1 Kl1J,E) 
S~\ODS~i (?,225,E) 
I'IA.IT (lb) 
Sr10DSI~ (1, H t 1l ~ E::~ 
S~lO()SI~ (1 ,18, E) 
Si'iOllSW (1,to,E) 
Sf>10DSW (1 ,1 J7 I E) 
MODSW (1,41rE) 
IIIAIT (25) 
~10DSW (tl,l,E) 
MOD~~>! (1,0(:i.?7J,E) 
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1970 
1975 
1980 
1931 
1982 
1983 

'· 984 
1985 
199t1 
1995 
20~5 
20\0 
2030 
2'"'35 
2045 
2050 
2Vl55 
2~6~ 
2065 
~07Vi 
2075 
2~J8VJ 
2~85 

2090 
300~J 

3vl05 
3(11 ~ 
3015 
3020 
31~25 

5046 
5e47 
b048 
5(1~ 9 
5050 
GVl51 
5~152 

5~-Jo3 
52~Hi 
52:12 

"52?1-3 
52~14 

52\Hi 
5207 
52(-)8 
5209 
5215 
5216 
5217 
52Hl 
52\9 
522~ 
5222 
5.223 
5224 
5226 
5227 
5229 
523~ 

F\JR 1~:1 TO 3 
OVSklk (1,~ 1 20,E) 
NEXT l 
LET E £221 ;:E !21 cE[ U 
LE.T EC2.3J::[[.1):::t:.(,q 
LE'i E (?4J =t-.l8l cC: UJ 
L.E T E r.:~5l ::f [H)) r.E t9J 
LET G::l 
FOR C=t TO 25 
lf C>21 ThEN 2~3A 

P.£AD A,i.l 
GOTO 2C~b0 

Lt:T G:;;i' 
READ A,tl~O,E,F 

LfT V (CJ:: (\I [D] .. y lEJ) I ~F) 
OPRDC (l82,G,A,8,V(CJ,EtCli 
NEY.T ... 
DATA 2.6,•1,4,2.1,~1.9,3.7,~1,5,4,2,•1,•3,25,•7,25 
DATA -2,5J·6,5,.~,-4.4 1 1.~,-3,5,3,A,.1.4,3,•3,6,-1 
DATA o,-1,6 1 ~1,6,-,,6,4,6,4 
DATA 6~4,1,•1,6,3,3,2,3,2 

DATA ·2.5aG0nt·~2,•1,825,t,2,-.~,1.625,2,50000E•02,3,~, •• 5 
OA1A ~,b7,~J.27,7,8,,5,3.27,.n7,9,1~,.5 

L l!H< H'v:~ 
RtM CH!<NGE. \..9 TO PROPEH \~QRD 

l. t. l r 6 :.: L 9 I 1 ~~ t.Hl 0 
LE1 F~~1Nl(f5)t10000 

LtT \..9:.t.,9•F5 
LET l.9=L!Jtf7 
Ht.TURN 

SCOt·i c:~~s,A,E} 
CL;;flD (01,~:1,M~,S!_,Ej 

LET S1=~1•3600+Ml~h0+I~T{S1+,5l 
IF R~0 ~NO S1~S OH R=l THEN 5~51 
LET S\"-'Sli'Bf~il~~~ 

t..f.T f.=~l .. S 
SC.O~~ (l,S,ArE) 
R f. Tl)f~N 
F:EM \.. TE St.TUP 
~~ 0 0 ~1 ri { l'J , D [ 4 4 l r E) 
~IAlT (l::lj 
H(IDSH (. i., l.6, E) 
s liO [; s w (I~ I j l::l , E ) 
s M G v s I·' ( 2 I 2 2 5 , E ) 
WAil (10) 
SMOIJS•~ (ArK [11 ,E) 
HODS;~ (~ 1 2il.,2.f:.) 

wAIT (1:1) 

IF 1,. [ 1J ::('! THEN ~'220 
M 0 D S 1·1 {1 , t. I 1 ) , E) 
~IAIT (1~) 

MuD !HI ( 1 r l. [ 4) I E) 
SHOOSH (~),f)[5J~U 

WAll (11) 
S M 0 0 ~ ~i ( 1 1 L I 7] 1 E ) 
110DS\~ ( 1 I L. (2(1], El 
MUOSW (11 1 \.. {~1!:1] ,r.) 
H U U ::; li ( 1 , L [ 4 ~D , t.) 
MUDS~I (0,L [b~l] ;f.) 
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5231 
ti2;so 
5236 
5237 
5238 
5239 
5240 
5241 
5242 
5243 
!>244 
5245 
5246 
52~7 
~248 
5249 
52:lkl 

• 5251 
5253 
5254 
5255 
5258 
52ti2 
5263 
5264 
5265 
5266 
5267 
5?.68 
5269 

5272 
5273 
5275 
5282 
52B::S 
521:15 
5267 
52H8 
5289 
5291 
5292 
5293 
5294 
531-17 
~308 
5870 
5871 
5872 
5873 
51374 
5875 
5!:176 
5B77 
5~78 

5879 
5t\80 
620~ 
6201 
6202 

t-1 0 0 S W ( 1 , 7 1 , E ) 
SMOGSW (1,0(~'.4) ,E) 
MOOS"' (1,4l,f.1 
v.AlT (2!:1) 
~1UDSW OJ,4t,t) 
PR1NT 11 l.-Tt 1NlT 11 

Cl.KTI C1,:.1,c) 
WAIT (5~l) 

SI"·ODSI'I (1 1 0[1J,U 
wAIT (31') 
IF L5=0 THEN ~249 
SMOOSW (1 1 Dt51J,t:) 
LET A ::28 
LlT R::t 
COSUB o045 
CI-KTI (2,\,., [1£1] ,E) 
w&.IT ((1.487.,L- £1AJ ):q~e~' 
SMODSW (11,115,E) 
SMODSW (1,0(40] ,E) 
CLKTI (2,Lt19l,El 
\'II>. IT ( Cl.lti7 .. L t19l l Y-1iOC'lv1 ) 

f>MOOSI~ (1, L (11], El 
!F L3=0 H:O: 52611 
Sr--iODS~I (1 r l.75, E) 
WAIT (10) 
SMOUSI'I (1,47,E) 
WAIT (101 
SMOOSW (c,~,n t9l ,E) 
WAIT (10) 
SKOOSI>! (t\, 47, f'.) 
~,-. • .. •, "' • •l • •J ,... r:' 
~ ~ --: '0! ~ '" " , '-' r i .. 1 , ~·- r ..... , 
WAIT (lo) 
SMOOS>'l u;,Ot3~],E) 

RG4~M (1.L8,L9,3,E) 
CLKTl c~,x.o 
~All ((2.tB7hX)P10~0) 

PRINT "LTt COMPLETE 3" 
SMIJOS>'i (Qid~hl,f} 
1•/AIT (5V•) 
t~ODS~! (~ 1 71,F:) 
s r. o 0 s w u~ , n t 4 o l , r: ) 
St100Sw ((1,9~,E} 

WAIT (ll1) 
Sl'iODSW (l~, D [::iJ 1 E) 
OVI·\SLI (l,lrl, vl, f.) 
RETUf~N 
Rtrl RLM Pi'<R CHK 
~IY.UAR (!>4 1 3!i 1 f.) 
D V 115 U ( 1 , 1 V' l) , 1 , E ) 
WAil (2~'1) 
0 v t1 N U 0 , 1/ ,1 , E ) 
If V>Q~ TMEN ~srr 

PRINT ~POwfk HAS NOT DEEN APPLIED" 
SCOr1 (1,1,49 1 1:) 
SCOH (1 1 7!0 1 2t,E) 
Ll NK 1 ~~~2 
RETuRN 
fl tA 0 t\ [ 1J 
FOR 1=2 TO K t1H·1 
READ K[ll 
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6203 
620!.1 
7220 
7221 
722:!. 
7223 
7224 
7226 
7227 
7235 
7236 
7237 
7238 
7242 
724.3 
7244 
7240 
7246 
7247 
i'24B 
7249 
7250 
725! 
7252 
7254 
7:.!56 
7256 
7259 
726~ 
7251 
7262 
7265 
727li' 
7275 
7276 
7290 
7300 
750.0 
7501 
7502 
7!Hl3 
7:304 
7oe5 
7506 
7507 
7508 
75(19 
7510 
84,H1 
84"J1 
8M}2 
B 4(13 
8404 
l\425 
8406 
8407 
64V:S 
64f!9 
84111 
8411 

NEXl l 
Rt::TllfHl 
PRINT "HPS PWR•UP ROUTINEP 
DVMSU (1,1,1,E) 
MXBAR (£4J,~43,E) 
WAIT (2'llC':) 
ov:·111u f1, v 1.1. n 
OVMSU (1,1~0,lrE) 
HXBAR (19Y,163,E) 
SMOOSW (1r1i>2 1 f.) 
t.ET R::l 
LET Ac3e 
GOSUB ~t-:14b 
WAll (hJ0ia) 
OV~M!J (l,v,1,E) 
LET L0:~v; 
IF A6S(Vp27)>3 THEN 7258 
MXBAR {243 1 243,E) 
OV~ISU (l,,,l,t:) 
WAIT (200) 
OVM~lU (1,V,1 1 E) 
LET A1=(C15*V)/Vl)•15 
Lt::T L0=1 
If A1~150 THEN 7258 
PRINT "HPS TURN 0~ COMPa" 
RETURN 
GOSUS 8420 
If L~=1 THEN 7270 
PRINT PHPS INPUT VOLTS OUT OF SPEC="JV;"VULTS" 
SCOM [1 1 6b~,2~rE) 
LET Dt34J=v 
GOTO 729k~ 
PRINT "HPS CURRENT HlGH~"IAl;~AMPS" 
SCOH (1,600t20,E) 
LET D C35J:: A 1 
SCOM (1 1 2 1 4,,E) 
LINK 1(102 
DV1'1SU (1,10.1,E) 
MXBAR (92 1 6l,E) 
Wt.IT (2110) 
OV~H'Ill (l,V,1,E) 
IF ABS(V-12)>1 THEN 7~10 
r1X8AR (274r25,E) 
WAil (200) 
OVMtiU (l,V,!.E) 
IF ABSCV~2.24)~1 THEN 7510 
RETURN 
LI ru. 7 5 iJ 3 
HEM riP~ ·rUi:lN OH 
S~>iOOSII tt,t82,E) 
LET R:;0 
L.ET A::3~ 

GOSUB 5vJ.4b 
DVMSLI (1,100,1rE.) 
MXBAR (19~,!63,E) 
WAIT (21-1tn 
OVM~1U (1,V,l,E) 
If V<10 THEN 8413 
SCDM (1 1 6tl0,20,E) 
5Cnt1 (1,2,49,E) 
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.;... 

8412 
6413 
8414 
8 B ~1 v:, 
888!} 
BoH1 
fH.Il !> 
86213 
8B2o 
68:..'10 
ae3!i 
8640 
66[>0 

l.INK lt1112 
P R PJ T 11 ti P S T I) R N 0 F F C 0 H P L E T E. " 
Rf T URt~ 
REM HEADER 
OiJPRlNT (i-1) 
PH!Ni 
CLKRD (D,h 1 M,S,E) 
L. E l ~~ .:: ( H tr l i-1 ~1 ) + H 
PRINT "RUN OAY:"D;" RUN TIME="H 
SC0~1 (1 1 1ir174,E) 
DUPRl~H (0) 
RtlURN 
END 
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FTN,B,t;·· · 
P R G GRAM t: S i I 0 ~~ IV f R 
DlMt:NS!(lN BU;:(638~) 

C N £ E 0 tW r ( l 2 7 6 ~~ ) 
!Hl FiJfHiA.l(A2, H+oll) 

WRITE(~,R~)7~65,7967 

DO 92 i;:t,HJ 
I<IH1Tt(2,9U) )799 

92 ~RITE(2,9~)74b~ 1 79fi7 
6 t1 W R IT E ( ?. , 26 ~~ J 

2&0 f~RHAr(~0X,4~h*~*~***~******'****************~******~*) 
265 WRI1E(2,27C1) 
27~ fORMAT(20X,1H•,J&XrlHt) 
275 WRJTE:U!,2t;!:~) 

2 6 '1 F 0 R 1·1 A 1' { 2 t'11;, 111" • 3 8 X, 1 H ~) 
285 ~1RlTE(2,29~') 
290 fURMAT(2~X.lH*t4X,31HPHOENlX MISSION SIMULATION TESTf3X,1H~) 
295 WRITE{2,~021) 
300 FORMATC20X,1H•,38X,1H*) 
305 WRI'fEC2,3Hl) 
31~ FORMAT(2~X,1H•,36~r1H*l 
315 WIUTEt2 1 :32VJ) 
320 FORMAT(20X,1H•,aX.22HMISS!LE OATA DIGITIZER,8X,1H~) 
325 WR1TE(2,JJ0.) 
330 FORMAT[20X,1H•,38Xr1H*) 
33~ WRlTE(2,3Ll~J) 

340 FORHAT(20X,4~Ht******************•*******~************) 
1 WH1TE(2,2) 
2 PORMAl(/"INPUT TOTAL SAMPLE TIHE (TST) IN MS") 

READ(l,;~)TSl 

WR11'E(2,4) 
4 Fl~HAT("lNPUT SAMPLING RATE (SR) SAMPLES/MILLlSECONDP) 

R£AO (1, 3) SR 
LBUf~:TST*SR*0.5 
If (~UUF·~3H~)5 1 5,8~ 

80 ~lRITU2 1 81) 
61 FDRMAT(/ 11 (TST)~(SR) CANNnT EXCEED 6380"/l 

GO TO 1 
5 WRHEC2,6) 
6 FORMAT(~JNPUT DELAY TIME COT) IN MILL1SEC0~DS") 

REAO(l,3)lJT 
lf(t.JT)7,12,12 

7 WRITE(2 1 H) 
8 FORMAT( 11 lt~PUT TfHGI';EJ1 CHAr'Nf.L NlJr1BER (ITCII.!) ~ ... 7 11

) 

~EAlJ (1, ~q J1'CN 
9 lf(lTCN)15,16,16 

12 WHIH:::(2,l.;)' 
1 3 F 0 R M l1 .T ( 1' ll 0 Y 0 U w Ml T Sf;: C~ U E >.Jl lA l 0 P t:. RAT I 0 N? 1') 

14 Rt::A0(1,37)!R 
If[IRM89)2l.23~21 

15 ITCN=ill 
GO TO 3{? 

16 lOCN;:IlCN 
GO TO 3~ 

21 wRITE(2,22) 
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22 FORMAT("l~FUT DATA CHAN~El NUMBER (lDC~), 0~7") 
P. £AD ( ! , J) !ll C ~~ 
IFOOCN)~1,23,23 

23 WR!i"E(275!>) 
55 FORMAT(~INPUT TRIG~ER CHANNEL NUMBER (!TC~),0•7") 
24 ROLl (l, 3) lTCN 

IF (lTCN)23 7 7~,1~ 
70 !F(IR•89)J~,2~~3~ 
25 IDCt~c"1 
30 riRITE(2,3!) 
31 fOI?MAT("INPUT TR1GGEH LEVEL (TV!..) IN VOl.H") 

READ(1 1 3)TVL. 
75 CALL STUW(8Uf,LBUF,OT,TST,TVLriTCN,IDCN,It) 

IFOE)ll'J?!,32,1Q:;t, 
100 !F(!E~2)2~0,2~3,1~1 
1~1 1F(IE•4)206 1 209,2M9 
20~ WiHTEt2,201) 
201 fORMAT(/"A/0 DATA INCORRECT. IS A/0 ON AND IN REHOTE?P/) 

GO Tll 1 
U13 ~RliE(2 1 2~6) 
204 FORMATC/"SAMPLE RATE CSR) IS TOO LARGE"/) 

GO TO 1 
?.06 i'iF<IHC2r207) 
207 FORMAT(/"DELAY TIME COT) MUST NOT EXCEED CTST)"/) 

GO 10 l 
209 WRIHC2,210) 
210 FORMAT[/"TRIGGER VOLTAGE LEVEL CTVL) RAWGE EXtEEDEDP/) 

GO TO 1 
32 WkiTEC2,3J) 
~:\ F"nRMATfiiAJO ~:..I-1P! F CliHPI_fTF''' 

35 WIHTE(2,3tij 
;3 6 f 0 fH1 AT ( II 0 0 y 0 Ll I·J ANT A L. I s T IN G? II.' 

READ(1,~7)lR 
37 fORt'.I\T(Ai) 

lf(IRnRY)42,3B,42 
38 I-IRXff.(t'i,37)12 

WRITE(f,4a) (8UF(l),Ie1,LBUFJ 
40 F~RMAT(10~8.3) 
42 WRJ.HU? 1 44j 
44 FO~HhT(''OO YOU WANT A PRINTER PLOl?") 

R [ A() ( ! , ~\ 7 ) l R 
lF(lR·89)45,45,d6 

45 CALL PLOt(BUFILbUF) 
4 6 ~: fH H ( 2 , 41) 
47 FORH•l("DO YOU ~ANT TO TAKE ANOlHER SAMPLE1P) 

;:E.l.Ll (1, ;;7) !R 
IFCIR~B9]35,4B,35 

4 B ~; R I 1 E ( 2 , 4 9 ) 
49 fORtiAT("SMlc SAr!PL!r-<G PM?AHI:.TERS? 1') 

R£AD(1,J7)tR 
If (lt1.,89) 1,1-;, 1 
END 
E.NI) $ 
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FTN,S,L 
SUBHOUT!Nt STnW(IBUF,LBUF,DT,TST,TVL,!TtN,JUCN,IE] 

C RfAL I BUF 
DIMthSlON 1HUF(2) 
CALL PRIM~(ISUF,LHUf,OT,TST,TVL,ITCN,IOCN,IE) 
IF (l£);;,1,3 

1 J;:LbUF 
K>=J+J .. 1 
DO 2 l:::t,LBUF 
X~:IBUF(J) 
Xr-0,00122<l7•X 
CALL fPUT(lUUf(~),Y) 
J;;J .. l 

2 K:~ .. 2 
3 RETURN 

END 
END$ 

59 



FTN,B,l.-' 
S ll B R 0 U il ~J E. t' R II-' E (I G U F , L ti U F , n T , T S i , T V L t IT C N , 1 0 t N , I t ) 
O!Mt~SION ldUF(2) 
X,;ltiUf 
Xt::TS T IX 
!~llT~312.512*X•l1.0 
lF(lWA!l175 1 14 1 14 

75 It:::2 
HETUJN 

14 IFCDT)16,20,21 
16 DL= .. OT 

N 8:: D l..!X ->-~ • !:1 
lf (1JEI)i.li-.i,80, 17 

17 lF(LBUF-~ti)00,80,lfl 

80 IE::3 
RETURN 

18 R=0 
GO TO 25 

20 NA=DT 
GO TO 22 

21 NA::DT.,l.0 
22 R;;l 
25 lE=n~.HHl1•TVL 

IF(lE)8~ 1 26 1 B5 
85 lE"4 

Rt::Tv'< N 
26 IfVL:8!9.~*TVL 

WR!Tl(2,3e) 
30 FORMAT("SYART ANALOG DATA & PRESS RETURN") 

Rf.A0(1,;;1)W 

IF (R) Sr,, ~1:5, fiG 
35 CA~L CATCH[!UUf,NB,LBUF,ITVL,iTCN,I~AIT) 
37 lf(lWAIT)l0,38,4e 
10 iE=1 

RETURN 
38 lfU:)48,40,35 
40 lt·!AIT:oHHdT t 

IS:.:t 
Il=l 
J = l B 1-'F ( 1) 

42 DO 49 I::l:NB 
1l~II .. I;.;A!T 
IF(I!)46,45,47 

46 Irr.Jl-1-No 
47 JJr.nJFOlJ 

uwrCll)lllJ 
lfCII•lSJ49,4~,49 

48 r:s~xs·~i 
ll ;:IS 
JJ:•li:iUF(l~) 

49 J;;JJ 
r;o ro 55 

50 CAlL SNARE(lBUF,NA,LRUf,I1CN 1 lOCN,ITVL,I~AJT) 
GO TO 37 

55 RETllHN 
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END 
END$ 
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FHl,8,L':·" tr·:.· 

SU~ROU;lN~ fPUT{X,Y) 
xnv 
P.ETURN 
I:. NO 
f. NO$ 
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FTtJ,B,I.. 
SllfHW lJ TI N E ? L Cll ( B U f J I. B U f) 
DIMf.NSIUN BUF"(2) 

1 Wi.:IlE(2,2) 
2 FORMAT(~STARTING DATA INDEX?") 

F:EAO(l,J)J.S 
3 FOR~iAT(l4) 

~I RITE (2, 4) LbUF 
4 fORMAT("LAST DATA INDEX, (MAX~ 11 ,]4, 11 )1") 

REAiJ(1,3)lF 
BIG:::~.t'l 
St·lL:: 0, 0 
DU 12 h!S,lf 
X=BUr(I) 
lf (iHG .. X) 9, 10, Hl 

9 B!G::X 
10 lf(X+SML)l1,12,12 
11 SM!..::: .. X 
12 CONTINUE 

IF(SIG•SML)13r14r14 
13 BIG:;SI-11., 
14 B!G:s37.~/6IG 

WRITE(6 1 10Ul)12 
100 FCJRt-1 AT(A1) 

00 ~5 I::IS,IF 
Xr.EIUF" (l) wBIG 
Ik::e 
IF(X) 120,15,130 

120 IR=X•OI,5 
GO TO 140 

!?.CA t;).::; ... o&.:l\ ..-, 

140 IF(1~)23 1 15,25 
15 W;(lTE(6db)l 
16 f(JRi1AT(J4 1 38lC, 11 o!i 11 ) 

GO TO 35 
20 K:;o.l••IR 

lF(K)21,:?1,23 
2 1 ~~ rl n E ( 6 , 2 ~ ) I 
22 FORMAT(l4 1 37X, 11 *1U)' 

GO i 0 3o 
23 J::38+IR 

1-1 H !T E ( 6, 2 t1) l , ( 3 2, L = 1 ; J) , A 2, ( 3?., L c! dq , 7 3 
2d fO~MAT(l4 1 76Al) 

GO TO 35 
25 J::lR"'1 

lf(J)26;2bl28 
26 WRITE(6 1 27)l 
27 FURMAl(l4 1 3HY,ri*") 

GO lO ~b 
2 8 w H I l E. ( 6 I 2 4 ) I ' ( 3 2 I l. ::: 1 • 3 8 ' , 7 3 , ( 3 2 , L = 1 , ,Tj ' 4 2 
35 CONT!NLH:. 

~lRlTE(2 1 41' 
41 FURMAT("PLOT IT AGAIN1°) 

FllAO (1, 45) IR 
t:5 FORt-lAT(A1) 

IF (l R .. 8 9) !)lli I 11 5 ~ 
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5(1 RETURN 
ENiJ 
END$ 
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PAGE 0~HJ1 

0001 ASIIB,R,t3,L,T 
AS! R @0.01.15 
8GN R 11!00140 
CMW R 01ilVI1.'.4 
CON R 01'11<11 U• 
END fl 000142 
ERR R 000124 
EXl' R 01-)(1126 
J,;1 R CH1B146 
L1 R I'HHHl56 
i..2 fl 00~1VI1 

LVl. R 0~0143 
MIO R IHJ0141 
REP R 000~;7;1 

CATCH R (i)00017o~' 

SAVA ~ 00t'll3b 
St,\ B R 0i:l"1137 

"'"' NO ER~ORS• 



P A G E (:Hl0 2 IHJ 1 

0~01 
0>Hl2 ~we.;~3 

ASH£J,f<,B 1 L1 T 
t-;AN CATC'1 
t'.NT CATLH 0itHI3 

0~~4*******~*«*w******w****************************•*** 
0005• * 
01~5* PHO~NlX ~ISSION SIMULAT!O~ TEST t 

0~07• A/0 OHIVE>< SUBROUTINE CI>TCH t 

0~~0* NLGATIVE OELAY TIME(LOOK A"tAU) * 
~009~ * 
~0lC•~*********t•••~••••~•~*~*******~****************** 
0011"' 
0~12* A/D ORIVlR T"AT IS TUNED TO CONTRnL 
0<11 ~h 

• 0014* 
~015* 
0016* 
0017• 
0018ot 
001911 
002lH 
0,121 * 
0022"' 
0023• 
0024• 
002~· 
0026• 
?.~271l 

0~l?.&"' 
0~29• 
J}0J~i· 

0<'131* 
0?.32• 
~HI3:h 
0034,;, 
00.3!\t 
0£136,.. 
0~37• 
003Bt 
0Y13Pt 
V10.cli1:0t 
~HJ41t 
001;2;: 
0043~ 

004'·* 
004!>t 
0~146"' 
0047• 
Z048*. 
004!11< 
005e• 
0(151'1! 
0052• 
005.h 
0054"' 
00S!llll 

A/D SA~PLING ~A1E. MAXIHU~ SAMPLING 
RATE IS AP~ROXlMATtLY ?.8KHZ. TRJr,­
GEk LHAN~ELS (~·7) SPECIFY ON ~HICM 

tHA~~EL THE SjMPLING IS PEHFOR~ED. 
UPERATO~ SUPPLIES THE TRIGG~A 
CHA~NEL VIA THE KEY80AriD. TME 
CALL FROM FO~T~AN IS AS FOLLOWS: 

CALL CATCH(lBUF,N8,LHUF,ITVL,llC~,IWAlT) 
~HERE THE PARAMElf.~S ARE OEFIN~O AS 
r'O~LOwS: 

lBUf 

ITCN 
1 w .C.ll 

~ THE N~Hf OF AN INTEGER 8UFFE~ TO 
STORE THE &/Q DATA IN. 

~ ~Ht NU~gtW 0F 5A~PLE~ TO STOkE h~FUQE 
TH!:. TRI!;H::i-1 OCCIJ><S. (L.!IU>\ AHt<\0) 

a l.f".;GH! Of' Tkt t\IJFF;:R lo'.'r• 
a A TR!G~FR LEVEL TkAT CA~3~S 

1Hf DRIVER TG lA<E DATA BEYOND 
T~E FIRST "N~" DATA POINTS. 
THIS TRIGGER IS TPIP~fD !F TrlE 
~A i A EXCt.f.()S THE I~AGN 1 TUDE OF 
~lTVL~ 1~ IHf SAME SE~SE AS THE 
SIGN OF "ITVL", (I.E. A SlG• 
NAL Of "5.~V WILL TRIGGE~ A 
"IlV~" OF •A.9V AND A SIGNAL 
DF 5,5¥ WILL lRIGGER A "ITVL" QF 
!i.4V ETC,) 

;: lHE. TRIGGER Crl.<l~'NEL NUMt'tR !•'Nll 
= A ~Ali COUNT 10 CONTkOL lHL SA~~LI~G 

RATE. ThE LAHGER "I~AI!~ IS THE 
SlU~lR THE SAMPLI~G RATE. 
1HlS PARAMETER IS ALSO A RETUR~E0 
P A R MlE' T F R , 1 H f. 'I A L lJ E 5 EI N G Ttl!: 0 F F :) E i' 
OF THE FIRST "~H" POINTS AS lh~E~ 

CYCLICALLY IN THE FIRST "Nd" ELEHENTS 
DF "lBUF", THE REST Of THE OAT~ 
POINTS A~E STOHEO IN qlB~~~~ sT•RTING 
~ITH THf "~8 +1" ELEMENT OF "I~Uf". 
11 lt~AlT 11 l;ILl 8t: RETUI\~JEO ~qTt, A ~1 
VALUE IF THE~E IS ~N 1/D E~ROR. 
ALL NORMAL OFFSET VALUES WILL HE 
POSITIVE OR l~RO. 
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PAGE 01303 1101 

~~ (~!) 6 
/Hl57 
-:H~56 

iW59 
~1062 

iH'l61 
0\~0t! 

iliH53 
'i\054 
i!Ml5 
'Jl06ti 
;'IIJ67 
~;.)68 

0~'69 
Vll'! 7•1 
'ilrili'1 
iH.l72 
eVl73 
;.1~711 

!11>17 5 
01·176 
Z\177 
~.,73 

e~79 
0;)81.1 

WJIH 
Vl~82 

'iHi83 
"~!14 
~~?.~ 

~'Zl:5 

;1..187 
V\JI1B 
'lf189 
"'09il 
a\~91 
Ml92 
Ml93 
!ili-1911 
vHl95 
0096 
3i'?l 
~1:il 98 
~i>,99 

~12i~ 

'il1r>11 
01!112 
~1{13 

Gli~4 
0H15 
~1\16 
~l1 '-37 
0108 
l!Hl9 
eJ110 

~~H.H-1~ 'iii1~HH1~ 

~H.lVJ>~ 1 (~7?.1361-? 

0010~2 07613/R 
~"J~CJ3 066iJ~l~R 
~0NJ4 \ 6[J.1!111 
;)i>l'!l:l5 '~72v;:Z0R 
V\0!11~5 rH~61iirl4 

;)0C107 16~~e:VIt 

~l\~1-llfl ~~l2vJ21 
~(:llilll 0?.6014R 
<l~l:l12 [~121117R 

?.~HH 3 l oC111~0 
0~014 r-J7214VIR 
1'0 ~ 1 5 'H16 ~HJ 4 
?·1'1015 1tiiHHl1 
02olil17 1 bf'1~HH1 
<'li'102ll Ql4214_.,R 
li>'H~21 'i172141R 
:;,~022 l'll'':i~04 
0 i.HI 2 3 1 b ~l\1?. 1 
liiM124 16i1/Hl0 
3<);~25 ~J4214~R 

7-0025 072142R 
~:;1027 fiH15~J04 

~003~ ti1tl2150R 
iliil~31 ~7?.~72R 
~HW32 1tH'V.01 
'il<ll/133 1 (j(;HH11il 
IHHl34 0031:'2~ 
~~.~~~~~ ~.~f'~~7~lR 

{.ft]l?,j<; C':/2! ~JR 
{101'137 111<;6~04 
~Wr,~t.ll 16~HHI1 

):'llt1C' 41 15~0\ilir1 

;,~042 VI7~~1HR 

i'IV111143 l:l\10~014 
~'-1044 lb\):1~1 

>J0 e 4 5 ~11 2 1 4 5 R 
11~045 1600011 
jil~~47 (1;)3000 
/Will::;tl (17214~P. 

i'116C1!ll l0JH10 
3~~52 10672~ 
~111153 M2!44H 
<H;054 H'2b22 
iHH15!J 0661-HJR 
3>1P,55 1113722 
ti100~7 flb2151R 
II.Hi60 t.li:J201i16 
t'IV.061 0~6l16(11R 

0~Vl62 062146R 
~Y'l0€ 3 IHJ ?.kl\il6 
iiH:Hl64 026!163R 
0;Hl65 1~2322 
001Hi!5 026124R 

ClTCH NOP 
SH SAVA 
SHl S.AVI3 
I.OB CATCti 
LO•\ 1,1 
$T1\ CATCH 
lNf.i 
U•A l, I 
SSA,RSS 
JMP •+3 
ANf) "877777 
LOA ~·,! 

STA 6Gtl 
INB 
LDA 1,1 
LOA lr~,i 
AOA flGt>l 
STA 1110 
INB 
LOA l.I 
LDt. 1?, ,I 
AflA !3GN 
ST4 END 
INB 
LDA "13202~ 
STA w£P 
LOA \ 7 1 
LOA l')~I 
CMA ISS.<\, l'IA. R~S 
! Sl fi!:.P 
ST A I.VL. 
INd 
LOA !,I 
LOA ~1,! 

SH CMW 
IN& 
LOA 1,1 
STA AST 
LOA l'l,I 
CMA 
STA !141 
CLf 0 
CLC 228 
LOA CMW 
OTA ?.213 
LDB tlG:>~ 

L1 STC 22B,C 
LOA =FJ~l 

IN~, SUI 
JMP *w1 
I.OA 1W1 
lNA,SV. 
JHP ~<-1 

SFS 228 
JtiP ERR 

RETURN ADORE~S ~TO~EO IN CATCH 
SAVE VALUt IN A REGISTE~ 
'l A V f. v A UJ t 1 r~ B R t: r; IS T E R 
GU Af1fJRf:SS 
OF RETUHN AODHES3 
RETURN ADDRESS STORED HERE 
8 u M? d lj y tH; E 
GET AOD~ESS ~P IBUF 
SKIP NE~T STATE. IF A ISN'T POS. 
JUMP 3 STATEHE~TS 
Mti<E. IRUF POS, IF NOT ALREAOY 
LOAD A wiTH IHUF 
STORE lBUF IN BEGIN 
f:lliMP 8 
G~T ADDRESS OF (NB) 2~0 PARAMETER 
LOA!) A f'i ITH Nt3 
AD!' A TO 8EGIN 
STOWE A I~ MIDDLE 
l3vt·IP 6 
GET ADDRESS OF L~UF· (3) 
LOAU A WITH LBUF 
AUO TQP OF 18UF TO LENGTH ~ ENO 
S T 0 R E I N Ull) 

LOAD A ~ITH RIN•RY SSA 
STOHE SSA INSTRUCTICN IN kEPfAT 
GLT ADDRE55 0~ lTVL (d) 
lG.l.O A ;.;ll TVL 
COMP TR!G LVL S~PS 4F TP.IG iS PQS 
C~A~GES ~~~N OF S'IP 
STORES COM?. TRIG~Fq LEVFL 

GET A00RESS OF lTCN (5) 
LOAO A i>l/lTOi 
STURE A IN COMMON WORD 

GET AOORE&S OF I~AIT 
STORE IwAIT ADDRESS 
LO.AO A ><llWAlT 
COMPLEMENT IW~JT 
STO~E CQMPLE~~NT 

DlSA~LES PJT[RRUPT SYSH:M 
CLEAR CON1P~l OF CH 22 
LOAO CM~ IN A " 
OUTP~T TRIGGER GH TO AID 
LO&D B W/TUP OF IBUF 
SET CONTRCL • ~TA~TS A/0 
FIN!':: 
TUNING 
LtlOP 
WAIT 
5 A r'.PI.t:: 
Til~ F. 
CHECK FOR FLAG 
JUMP TO ERROR If NO FLlG S~T 

, 
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P:';GE eM!4 tt01 

fH 1! 
~112 
J\11:3 
21i4 
~115 

~116 
., 11l 
0118 
0!11!1 
312<'1 
~121 
0122 
3123 
0!124 
1:!125 
?!126 
0127 
~12tl 

<H29 
'313~ 
~131 
<J132 
013.1 
0134 
~135 
Vl136 
~13/ 
11!38 
0139 

.1141 
"t42 
~143 

~144 

]145 
Vl14b 

'iH41 
'H48 
11\49 
~150 

~151 
0!52 
0103 
:}154 
01!>5 
:1155 
~157 
0150 

~IJ067 1•~2tl'n 
\lilt' 7 ~ 17 (ltl :H 
11 iH~ 7 ~ r. 4 2 l 4 3 R 
?.?.Vll? OiH1J~U 

~J VI 0 7 3 1:12 5 ~ 2 ~lf~ 
>1 M 1 4 117 6 l 4 J ~ 
IHH' 7J (1661 d i R 
/lMl76 'Zb?.151fl 
~l<Hl 77 ~ 0 :< \·HJ 6 
:.J"lU10 Vl25e77H 
<Hl1l11 Hl37?2 
;.~ ~~ 1 ~ 2 ~ o 2 1 s 2 r~ 
Q!\1103 Vl02~;(:)6 
0<:1H,4 02o11'.3R 
0<l!VJ5 0b21.16R 
0"'Hit; 0102~'Jti 
~0H•7 0~61361-1 
:li111 V1 HJ2322 
'~0111 Vl25124~ 
>:l0112 1112!;)22 
<1i-.lll3 17VI~CH 
V'rt>11.1 01ilfi0~4 
l~l115 l1!;)5142R 
i1~!15 ~26126R 
71Vlll7 1126101R 
'-':-'12~ 0\16~Hl4 

tl<l121 l"!:l5l41R 
2<'122 ~CfilA>.l~ 
;-1.i1!N 025.-J56H 
(_!VI i 1:, ~ VI 't} '-.1 "'t r1 '(I 

r;wu:; r2ot:.H~~ 

~H'\26 0b214(~P 

V:!vl127 P,(:l3t,j~4 

~0130 fri421<13R 
0J131 1loJ21lHl 
ihl\3:? 17214!;)R 
{1:;:133 t'lb2136R 
?.~134 CJ5613lR 
iliq35 126lHi<1k 
<-IV t.36 ?.H0~~0 

;HI~ 37 (J!I.':00VJVI 
;-, 1114 3 0 flHHHh~ 
vl~l141 lil•~,1~1~0 

~H:l\42 e,\1vHJ0j 
0 ~~ I 4 3 ~lll ~ iHl ~, 
!'•~144 I'<Wl10•~ 
?.~11 45 Q\~l~HWVl 
00146 01.HHHhl 
0i1!47 '-1771'77 
.;10150 002Yl2t} 
~l;Jl 5 1 1 7l 7 77 
>Jt!11;)2 177774 

Ll.A 228 
5TA \,I 
AD<\ L Vt., 

RcY NO? 
J~:p CON 
S To LVl. 
LOCI M!O 
LDA =t3-1 
ItlA,SlA 
JI1P J>w1 

L2 5TC 22H,C 
L[H, :.B-4 
iNA.SZA 
J:~p ;~~ .. l 
LOA HI\ 
INA,.SZA 
JMP b\ 
SFS 226 
JMP ERH 
LIA ~?28 
STA ttl 
l ~Jt3 
CP!:I ENO 
.JHP EXT 
JMP L2 

CO~l H;B 
CPB r~! D 
lD-- HGti 
JMP L\ 

t: n ,,. \.•'-' ... 

.)!-IP J0+4 
E:n l.OA flGN 

C.IH,iNA 
ADA LV!. 
STF 0_ 
~TA AST,I 
LOA SliVA 
LOU SAV8 
Jt-<1' CATCH,I 

SAVA NOP 
SAVB NOP 
J:;GIJ NOP 
MIQ NOP 
ENO NOP 
LVL NOP 
Ct~~ NOP 
A:iT NOP 
!WI tJOP 

0159 ENO 
u NO ERROR~!'t 

LOAD A ~/ FIR5T AID SAMPLE 
STORE DATA IN IbUF 
CHECK FOP TRIGGER 
OU~MY-LOADEO W/SSA OR SSA,RSS 
JUMP TO CONTI~UE 

TRIG.E~C~EO.STORE ?lP IN LEVFL 
SET PTR TO REMAINDE~ OF IBUF 
FINE TUNI~G TO ~EEP Ll AND L2 
THE SAME LE~GTH - ThiS TIGHT 
LOOP ADO 52 1 COHP.CYClfS 
SU CONTROL 
FINE TUNihG LOOP 
AODS (9) l:U~1PUTE.R 

CYCLES 
wAtT 
SAMPLE 
TIME 
SKIP IF FLA~ NOT SET 
JU:~P ERROR 
READ IN FIRST DATA AFTER TRIG. 
STORE A IN l8UF (~10 TO ENO) 

IF B tXCfEDS END 
JUI~P TO EXIT 
IF NOT CONTINUE SA~PLING 
2Nfl HAl_~ Or LOG!\ AHc.Al1 LOOP 
COHPAk~ PTH W/HlD 
R E. 5 E i P 0 p, T C: R 
CUNfiNU~ 0AfA 5AMPLI~G 
'--'''~'''' - ::~~=-:~:.; ;. -·~~~-.· ....... '- .... 
JUMP 4 ST•TtMENT 
EXIT LOAD A W/TUP OF !AUF 
HAKE TOP lhUF ~~GATIVt 

GIVES CFFSET GF ~4 DATA 
ENA~LE INTFRRUPT SYSTEM 
Rt:TUfH~ lWA!T 
qESTOR!: f. 
RESTORE B 
RETURN Tn PREVIOUS SUeROUTlNE 
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PAGe ~HHJ1 

l(lVl01 ASMB,R,B,l.,T A55Et1BL Y Ht.AIJER 
8GN R ~~00151 
CON R ~11:10~)64 

!.lLA R 0C0152 
ENO ~ ?,>H\153 
ERR il ~~~i-' l ~; \ 
EXT R tHHl1<l\ 
IM R ~l\Hl\ 27 
Iwt R 000160 
L2 R [HJt:l1211 
LVL 1=1 00~156 
REP R t'l0i1~17 4 
ASAV R >10.1\57 
CIH'il R V1~0155 
CM'J/2 R 0~0154 
SAVA R Ql ~, 01 d7 
SAVti R 001:11~>1:1 
SNARE R ~'0~1\:Hhl 
~~~ NO EP.RORSll 



PAGE fli1:12 IHH 

~Hl01 ASSErHl!.. Y HE~.OF.R 

t;H~Oj2 vHlOi10 
ASi-lfl 1 R,B,L,T 

N t\ ~~ SNARE. 
t.tH SNARE 

NA11E OF PRO!.R.\11-SNARE 
UJTRY POUH ;10.33 

;11(1iJ5~ 

00~6· 
;,007"' 
'~30 B * 
"009• 

PHOENIX MISSION SIMULATION TEST 
AID OiiiVER SUf:lROUfiNE SNARE 

POSITIVE DELAY TIME 

0~1~********•***************~~···········~····•******** 
01'!11# 
0~12• 
QJ0l3:t 
ii.i014• 
i.11l15 * 
0016>'< 
?.<117 * 
~~l1 a• 
\lliH!h 
1Hi20• 
0(321• 
0022• 
;'1023* 

A/0 DRIVER THAT IS TU~ED TO CONTROL A/0 
SAMPLING RATE. MAXIMUM SAMPLING RATE 
lS APPUOXIMATELY 2HKrl;. TRIGGER A~D 
DATA CHANNtLS (n•7) SPECIFY ON WHICH 
CHANNEL T~E S'MPLING 15 PERFORMED. 
A S E fHJ!;. N T I II L I·~ CD E :>o HERr_ T HE A /I) S A M w 

PLt5 EtCH C~ANNEL SEgUENl!ALLY START• 
lNG WITH CHAN~EL (~) IS ALSO PRnVtOED. 
THE OPtRATCR SPECtFIES THESF PA~AMtTERS 

VIA TPE KEYBOARD, THE CALL FROM FOR• 
IRAN IS AS FOLLO~S: 

~02=~ CALL SNARECIBUF,NA 1 LBUF,ITCN,IDCN,ITVL 1 I~AlT) 
~~2~~ ~HERE T~E PARAMETERS ARE DEFINED AS 
0025* fOLLOws: 
\1027• 
~023~ IBUF ~ TH~ NAHE OF AN I~TEGER BUFFE~ TO STORE 
~~29• THE A/0 DAiA IN. 
".tJU-..1._,,. 

'l03l• 
0032• 
IHl:\3• 
01'!34• 
~H~35* 
il036:~. 

1Hl37"< 
0038* 
~039• 
iH14ih 
0iQ4lA' 
3042n 
"'"'43• 
3044• 
~045• 
00461r 
{10.J71r 
0 ~~<~a* 
0049* 
0~5:-Jw 
~~15111 

eHJo2• 
0~'53• 
0054* 
00!15• 

l.~uF = 
:TCN ;; 

IDCN " 
iTVL " 

tl A 5 0 C C 1J fH<I:. D , i HE A /11 ;.~ I L L r; 0 T P E H F DR~' 
ANY DATA CONVEWSlnNS UNTIL AFfER fHIS 
~ELAY TJ~E HAS PASSED, 
THE LENGTH OF THt INTEGER BUFFER "lUUF", 
T~E TRIGGER CHANNEL NUMOER (D•/) 1 

THE DAT4 CHANNtL NU~bER (~·7) 1 OR THE 
~EOUENTIAL OPERATION ~U0E OF THE A/D, 
A TRIG\,ER lfVEL TIHT CAIJSES THE 
DRIVER TO TA~E DATA AFTEH THE T~IGGER 

LEVEL ~AS BEtN fXCEEDEO. A~O THE DELAY 
TIME HAS PASSED. THIS TRIG~ER TS TRIP• 
P~O IF ThE OATA EYCEEOS TH~ ~AGNITUDE 
GF "lTVL" IN THE SAME SENSE AS TH~ 
SIGN OF "lTVL~. (I.E. A SIGNAL OF 
~5.0V ~ILL THIGGEQ A "ITVL" OF ·4.9V 
ANO A SIGNAL OF s.~V ~1LL TRI~~~R A 
"ITVL~ OF 5,~v ~TC.) MAX!MUM TklGGER 

LEYELS ARE -l~V TO +1~V. 
lWAlT ~ A HAlT COUNT TO CONTROL THE SAMPLING RATE. 

THf LAHG~R "!WAIT" !S THE SLOWER lHE 
SAMPLING RATE. . 

!WAIT : THIS PAHAMtTER IS ALSO A RETU4NED PARA• 
METER, T~E VALUE BEING A ZERO OFFSET ~F 
DATA FROM THt STt~T Q~ "JBUF~. !WAIT 
~ILL ~LSO BE AETUR~EO WITH THE VALUE 
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~055~ 
'ilill5l* 
01.1~8 
'il?-59 
l-lU60 
>1;:)61 
iHJ62 
iH~6J 
lili164 
3:d65 
0?.66 
i'1067 
0~68 

0069 
007~ 
0(>,7! 
~072 
0.,73 
:il~74 

0~7: 
Vl06 
?.077 
~1')78 

'-'079 
~k)8~ 

2l081 
<H>.82 
0\ilB3 
[1@1\4 

0i'185 
Ql;,l!lo 
M187 
;ll088 .,,8 :J 
'·Hl9~~ 
>H19l 
~092 

0093 
:~{',94 

3'·19~ 
<139b 
~097 

1109tl 
"109\1 

Z100 
iH\11 
'3111;,;: 
01~3 
0104 
21Vl:5 
0.!1 VJO 
~ 1 ~17 
a 1 tl u 
"110Q 
011;, 

~ 1 WHC:rl THE A/D IS ~JCH OI'Et1A r lNG 
NORMALLY. 

B~~~0 ~00~0~ SNA~E NOP 
/IOA01 072ld7R STa SAVA 
~0~~2 P76150R STti SAVB 
80~03 0b6~~0R LOH SNlRE 
~ 1-l {I~~ 4 1 D ;1 i<10! L 0 A l , 1 
0~~0~ 072~0ZR 5TA S~ARE 
311BC5 ~~5~~4 lNH 
a~~07 lb~~01 L~• 1,1 
0001~ 002021 SSA,RSS 
~0011 026~14~ JMP *•3 
0~~12 0121H1M AND =Bl7777 
0~013 1b~~~~ LDA ~,I 
~~~14 072151~ 5TA BGN 
~0015 0~6~04 IN6 
~0Rl6 to3~01 LDA 1,I 
~~017 1b~~~0 LOA 0•1 
3~02~ 0~2m02 SZA 
~0021 0~3~~0 CHA 
il~022 ~72152M STA ULA 
~0~23 ~~6~~4 INB 
~J024 1C~001 LOA 1,1 
~0~25 16~EP0 LOA ~.I 
3~~26 aq2151R ADA HGN 
ara27 ~72l53R STA tNO 
3~030 ~06904 IN~ 
~0M31 1bM~H1 LO~ 1,1 
~~A32 16M~~0 lDA ~,! 
~0033 07215hR STI CM~\ 
z~e34 o~6~e4 1~3 
~~Aj~ 1oM~A1 LDA 1,1 
00036 t6n~~0 LOA 1,I 
~0M37 0~202~ SSA 
~~04~ A~2162R LOA ~B4ReH0 
~v~41 ~72154R STA CM~2 

JHH42 ~~6~m' INb 
~e0•J ~62163R L~A ~B2e.2M 
~~~4~ 072~74R STA HEP 
0~~45 1ti¥~01 LGA 1,1 
33046 16A0~0 LOA 0,1 
~~~47 ~~3~25 CMA,5SA 1 !NA 1 R3$ 
~0~~0 M3H~74H ISZ ~EP 
~0351 072t56R STA LVL 
Vle1C~52 iH~6N14 

IH'0o3 1bt"~H11 
rFJ0o4 n ?.157R 
Z1<W55 16~:13~ 

;.l V.~l5 S IH13vH3 YJ 
~ 0 (~ !) 7 [17 2 1 6 0 j~ 
C<Hh16r, 111~1~11 

ihHH51 fi62155R 
0VJ~Hl2 106722 
~~063 1~2b22 
7lvH1t>4 103i'22 

INB 
LOA 1 ,I 
Sr.\ ASAV 
LOA v;,! 
CHA 
SH !W1 
CU' 0 
LIH. CrHH 
CLC ~~ts· 

OTt. <?2B 
CO"l STC 228 1 C 

OIJ>IMY STORt.e;f. FCHl fifTUi<N AI)ORES 
SAVE A H~GISTER CO~TE~T 
s•vE B RfGISIER CCNT~~T 
LOAO H W/AOOHfSS OF RTN A00RESS 
LU~D A W/AETURN ADRESS 
STOAt 4TN ADDRESS IN SNARE 
INCREHfNT ti ~EGISTtR BY 1 
LOAD A W/bOnR€SS Or IRUF 
~KIP IF A IS NUT POSITIVE 
J!l~IP THREE INSTRUCTIONS 
M~KE IBti~ P05!TlVE 
LOAD A WITH IUUF 
STOR~ l~U~ IN OEGIN 

GET AnORf-SS OF DELAY Tl~F. 
LOAD A WITM GELA~ TIHE 
SXIP IF A lS ZERu 
COMPLEMENT OtLAV TlHf 
STORE DELAY TIHE IN OfLAY 

GET ADDRESS OF L~UF 
LOAD A WIT~ LAUF 
AnO LHUF TO lBUF 
STORE LAUF IN E~D 

GET ADDRESS OF ITCN 
LOAn 4 WITH TRJ~G~A ~HNl. Nn, 
STO~t XiCN YN COMM 1 we~O 1 

GET ADDRESS OF !DCN 
LOAO A ~ITH !DCN 
SETS UP FO~ S~QUENTI~L ~00! 
SEG. tilT 14 
STORE 2ND COMH~NO WO~D 

HlNIIRY OF SSA INSTt'IJCTION 
REPEAT HAS S5A I'STRUCTJO~ 
GET AOD~~S5 Uf lTYL 
LOAD A WllH ITVL 
SXIP5 iF iRIG. IS PrSITIVE 
S~TS UP ~SA,~S5 ~~~7RUCTION 
ST8Rt COMP.TRIGGER LtVEL 

GEi AUO~ESS OF l~AlT 
SAVE AOO~ESS OF IWA!T 
LO~O A HIT~ IHAIT 
COMPLEMENT I~AlT 
STOf/;: !WAIT 
OISAt<LES INTt:Rf;IIPT SYSTEM 
LOAD A WITH TRIG. CHNL NO. 
CLEAR CO~TROL CH 22 
OUlPUT TRIG. C"NL TO A/0 
SET CONTROL(ENCOOE) 
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PAGE t)QI\14 IH'I1 

0111 ~\~065 062164f~ LOA :R .. 3 WAIT FOR FLAG 
;)1\2 il0~1J6 ~l>.l2~Hl6 INA,5ZA 
\H 13 ~1 ~J 0 0 7 ~;.o"'toR JNP , .. 1 
il114 V\,-10/0 1H~;j22 SFS 22!1 SKIP If' FUr. St:T 
~l1!:i :iJ&lM1 ~21il37R Jt-\P !:RR JIJt•,p TO ER><Oi-1 IF ~·o FI.AG 
IH to ~0n7:.~ 1 V.2!>22 LIA 22B ·LOAO JtiTO A f!h5f l)ATA SAMPLE 
~117 ~i:V,7~ ~ltl::' 155R AOA LVL CH!:CK TO SEE IF lh'IG. t:ll CEEDEO 
OJ118 ~~ "-~ 7 ·'1 000110\:l RI::P NOP OUI·H·, y LOAI)EO ~~ i 55 A OR 5SA,RSS 
8119 :-1:)~75 t'-<:6iH:i4R J rw CON NO TRIG. JUMP TO CC'- TIMJE 

<ll2et 8>1'>'76 eo;2152~ LOA OL A LOAD A wiTH OELAY Tl~lf 

Vl12l ~ %~~ 7 7 "~ 2 ~'\ ~"~ S Z A i 1153 SKIP IF DELAY IS II!()T ZERO 
';]122 f'0h'Yl 12!261 (;'6~-( ,IMP >~~+6 

0123 ~~\fill ~btl15!;R LOB =8-454 ONE .115 INNER LOOP TI!-!E 
~124 ;>H~! 02 0060~~6 pm,SZB 
:at2!i 1'1\1103 ~261(l;.;q JMP "'"1 
\H26 I-I~J HJd 0~2~!r.10 IIH ,SZA 
~127 ?i:?.HJ5 ~26l1111R J~!P .... 4 EN I) f:'F DELAY LOOP 
'ill. 28 00 HJ6 ~HHH'I<;J2 t;OP FINE TUNING f." OR DEL.\'\' LCOP 
ll1 :~9 ;1,~!~17 ~~66151R LOS BGN SET POHJTER TO TQP Of I5uF 
1'13~· 110110 06?.154R LOA CMil2 LOAD A WITH ilATA C,..NL NO. 
rH31 ~V.111 1 ~6722 CLC 22B CLEAR CONTROL 
~132 >";>,t 12 102622 OH 2?.d OUTPUT (lATA CH~•L TG A/0 
~l133 ~Ll11 :s 1il3722 STC 22B,C bEGIN FIRST l) ,\ T.A LCOP 
01J4 z,H1d Q'o2\ooR LOA =B•2 WAIT fOR FLAG 
~135 ~11!~ (ih)20Vl6 INA,SZA 
ill35 ,•.H l':i 02t:l11!':lR JMP •-l 
<1137 ;-J,J\17 112bl27R JMP lM JU~><P TO 2ND HALF OF LOOP 
J1.38 ~l-1'23 111:\722 L2 STC 22B,C bEGIN 1-.0~HAL .'i A I' p L !IJ r. 
~139 ~10 1 21 r.t>li\5JR CPH !:NO COMPARE PTR T(l f 140 (•F !BLJ:; 

. <114() ;1<) I :22 ~~2t141R JMP El:T JUMP tr- tlllff'tH l'li.LfO 

<H41 ~'~jl2J 0b2~6~\R LOA 1W1 SMH'LE 
(1142 ~ ;~ 1 2 4 91V12~1V16 INA,SZA WAlT 

~143 Vlll l. 25 02b124R JI'.P •-1 TIME 
<Hdd (1<.126 ~l1360c;J4 1Nl3 

"145 tl<l127 1.,2322 IM SFS 22B SKIP lF fLAG :;f_T 

;qd5 JIC'l \ -HJ tlo26137R JMP ERR IF NO FLAG JU~1 P rn ERROl( 
;1! 47 i'V'131 1~2!:>22 t..XA 22!3 L 0 r.r) A WITH t-ORE DATA 

3148 ~0132 17~10Cl1 SiA 1,! STCJRt OAf A WHERE Plli POINTS 
;n49 /1<1133 062167R I.DA =8·4 I' IN€ 
IJ15Q\ 0d31j l'!v\211:'Vi6 INA,SZA TUNING 
0151 <1<1135 3~6134R J~'~P *-1 LOOP 
~1~2 ?.~136 02612:,JR JMP L2 JU~lP TO NOf!MAL SAHf'l.ING 

~1~3 a3t37 ~HJ34Chl ERR CCA E.RROR E.X!T (A:r-1) 
tl15d ~<1\4~ ~26142R JHP "'"'2 
<H5~ ;)<.1141 002/j0<J EXT Ct. A EXIT FROM SNA~E (A:C) 

lH55 \II,, 142 1152HH~ STF 0 ENABLES INii:RRUPT SYSTf.ll 
>515/ 0~143 172157R 5H ASAV,l PASSES ZE.RO GFrC.ET 01.' (~l) 

<ll ~3 ".0lt;4 ~~c2147R LOA SAVft RES 'TORE. A REGISTER 

0159 ~0145 06615~R LOB SAVB REST OPE 8 REGISTER 
ll1b0 (1!::1145 1 ?.6 iil0llR JMP 5NARE,I RETURN TO PRtVIOUS SUBR. 
r-l161 Ml1-17 0(l!Hl!%1 SAVA NOi> 
0162 00153 fHHHHH:l s.~vs NOP 
0153 ~HH o 1 lHH~IHH1 8GN NOP 
.Iii 164 ~J1!i2 01:l06~H1 OLA ~JD? 

~?.t65 0\11~3 ~hHH:Hl0 END NOP 

... 
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PAGE 11'i:l'il5 #01 

CH66 ~(1\!)4 0i1(:l0j;\\·l CI-IW2 NOP 
0167 11:-J 1 :J5 00001/H~ CM\~ 1 NOP 

( ~16i.l ~~~~ 1 o6 Vl \J C1 ~) ~H_l LVL NOP 
0169 ~112 t 57 \l~·~~:c;ov- /i.SAV NOP \ 

'·~· e Pi• ~l11lb0 ~~H~~~H~ 1>'11 NOP ; 

'1 :n o1 >177777 \, 

~~~~162 04fHJVl0 
i:l:l163 0~2020 
~HJ164 17777!> 
il01b~ 177324 
"11166 177776 
VlY.l\67 177774 

0171 END ... NO ERRORS~ 
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APPENDIX B 

Calculations for determining, the sample time, and delay times 

of the A/0 driver; and calcualtions of the maximum missile response 

signal frequency are included in the following appendix. 
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CALCULATIONS FOR SAMPLE TIME 

The below procedure was used to calculate minimum and maximum 

sampling times for the A/D driver program. IWAIT is the wait count be-

tween data samples. Define: 

CT =Computer cycle time in increments of_ 1.6 usee. 

IWAIT = . Number of computer cycles to count between data samples. 

OH = Overhead, the number of fixed computer cycles in a loop. 

SR = Data sampling rate (samples/millisecond). 

TST = Total sample time (milliseconds). 

X = Time between samples (milliseconds/sample) the reciprocal 

of SR. 

An HP 5327B counter/timer was used to measure the time interval 

between successive ENCODE or Set Control pulses going from the HP 2ll6C 

computer to the HP 5610A A/0 converter. A small assembler program, 

hand toggled into the computer, was used to measure the time interval 

data. The following data was collected: 
TIME 

I\~ AIT (OCTAL) COMP IWl (OCTAL) FREQ (~Hz INTERVAL (X)usec 
0 -1 31250 31.5 - 31.6 

l -2 30991 34.7 - 34.8 

4 -5 22321 44.3 - 44.4 

63 -64 4280.7 233.1 - 233.2 

2047 -2048 151.93 6582.0 - 6582.1 

32766 -32767 9.53 104879.0 
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The A/D driver assembler language program has the following 

format for implementing H~AIT: 

OPERATION COMPUTER CYCLES 

Ll STC 228, c 1 

LOA IWl 2 

INA, SZA IWAIT + 1 

Jt~P * - 1 I WAIT 

SFS 22B 1 

JMP ERR 0 

JMP Ll 1 

The SAMPLE TIME is computed according to the following 

formula. 

SAMPLE TIME= (2 IWAIT +OVERHEAD) (CYCLE TIME), or 

IWAIT = 1 (SAMPLE TIME - OVERHEAD) 
2 (CYCLE TIME ) 

(1) 

Since the data gives us the time interval or SAMPLE TIME, and 

the IWAIT parameter was given, the computer CYCLE TIME was calculated. 

The OVERHEAD term will cancel out since it was constant for all 

measurements. 

CYCLE TIME = SAMPLE TIME 
2 !WAIT + OVERHEAD 

CYCLE TIME= 104879-31.5 = 1.59993 usee 
2 (32766)-0 

and, from (1) 

!WAIT = SAMPLE TIME - OVERHEAD 
2 (1.59993) 2 

Thus IWAIT = 312.512 X -B 

X = SAMPLE TIME 

(2) 

(3) 
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B = OH/2 

The OVERHEAD in the A/0 driver program is 22 computer cycles, 

thus 

B = OH/2 = 22/2 = 11 

or finally, 

I WAIT = 31 2 . 51 2 X - 11 . 0 (4) 

The above expression for IWAIT is contained in the PRIME sub­

routine of the A/0 driver program. 

Below are some sample times calculated from (4) above: 

I WAIT SAMPLE TIME (X) ms SAMPLING RATE (SR) KHz 

0 .035 28.41 (MAX) 

1 .038 26.04 

5 .051 19.53 

10 .067 14.88 

100 0.35 2.82 

2000 6.45 . 155 

10000 32.3 .031 

32766 104.8 .00954 (MIN) 
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CALCULATIONS FOR DELAY TIME 

The below procedure was used to calculate the variable para-

meter (X) for the delay time loop. Define: . 

CT = Computer cycle time in increments of 1.6 usee. 

DLA = Complemented delay time in assembler program. 

DT = Delay time inputted from keyboard .. 

N = Number of times each computer operation is used in the 

delay time loop. 

OH = Overhead, the number of fixed computer cycles in a loop. 

X = Inner loop parameter for counting to one millisecond. 

The A/D driver has the following format for implementing the 

delay time: 

OPERATION COMPUTER CYCLES 

LOA DLA 0 (outer loop) 

LOB = B-X 2 (N+l) (inner loop) 

INB, SZB X (N+l) 

JMP, * -1 (X-1) (N+l) 

INA, SZA (N+l) 

JMP * -4 (N+l) -1 

For N = 0, the inner loop is used one time, or a minimum. Set 

this minimum loop time equal to one millisecond. If the minimum delay 

time is set to one millisecond increments, then the parameter X will 
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be the necessary inner loop cycles to equal one millisecond. 

The parameter X can be calculated using the following formula: 

DT = [2(N+l)+X(N+l)+(X-l)(N+l)+(N+l)+(N+l)-l+OVERHEAD](CT) 

LET = DT = DTmin = lms = 1000 usee 

N = 0 (min times through loop) 

OH = Whatever the overhead is. In the A/D Driver OH = 23; 

so, 

DTmin = [(N+l){2X+3)+0H-l] (CT) (2) 

or, 

1000 = (2X+3+23-l) (CT) 

1000 = (2X+25) (CT) 

X = l 1000 - 25 = l 1000 - 25 
2C'f 21:6 

= (625-25) = 30010 
2 

or, 

X (3) 

Thus, if the inner loop is cycled 4548 times, the delay time 

will always be in multiples of one millisecond. If the X parameter 

had not been an integer, the overhead would have had to been increased 

or decreased by one. The A/0 driver uses integer numbers. It was 

precisely the overhead factor that allowed all of the seven timing 

loops in the A/D driver to be matched to within+ one computer cycle 

time. 
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CALCULATION OF VCLO CONTROL VOLTAGE 

VELOCITY SEARCH FREQUENCY 

A brush recording was made of the VCLO control voltage wave­

form while the VCLO was velocity searching. The brush recording was 

run at maximum speed of 125 mm/sec. 

The frequency was calculated by the following method. First, 

a reference point was chosen on the VCLO waveform. From this reference 

point, 30 cycles of the waveform were counted out. The thirty cycles 

took 190 mm to complete, thus 

VCLO Control Voltage = (30 Cycles) (125 mm~ 
(190 mm ) (sec 

= 19.74~ 20Hz 

Refer to Figure 8, for a pictorial view of the actual VCLO 

control voltage waveform. 
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20 Cycles of Velocity Searching 
I 

~~---------------------~, 

Brush Recorder Speed: 125 mm/sec 
Length of 30 cycles of waveform: 190 mm 
(only 20 cycles shown) 

VCLO Control Voltage Frequency = (30 cycles) (125 mm) 
(190 mm ) ( sec ) 

= 19. 7 4::::; 20 Hz 

Figure 8. - VCLO Control Voltage Waveform 
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APPENDIX C 

List of equipment used in developing the MST. 

List of equipment incorporated into the MECCA system as part 

of the MST. 

82 



t~ST: 

The following is a list of equipment used in developing the 

HP 2116C Computer 

HP 5327B Counter/Timer 

HP 3480B DVM 

HP 5610A A/D Converter 

HP 200CD Widerange Oscillator 

Tektronix RM561A Oscilloscope 

Tektronix 7613 Oscilloscope 

Tektronix TM 503 Signal Generator 

Dynamic 7525 Differential DC Amplifiers 

Dynamic 6364A/RF Electronic Filters 

Bell/Howell VR-3400 14 Channel Tape Unit 

Brush Mark 260 Analog Pen Recorder 

The following is a list of equipment incorporated into the MECCA 

system as part of the MST: 

HP 2116C Computer 

HP 5610A A/D Converter 

Bell/Howell VR-3400 14 Chann~l Tape unit 

Dynamic 7525 D·iffer·ential DC Amplifiers 

Dynamic .6364A/RF El ectri ca 1 Fi 1 ters 

83 



84 

APPENDIX 0 

Operational instructions for using the MST. 



OPERATIONAL INSTRUCTIONS 

To use the MST computer programs follow the procedure listed 

below: 

(1) Load the MST disk cartridge into the disk drive unit 

located under the tape unit in the MECCA computer equipment bay. 

(2) Reboot computer following rebooting procedures listed in 

the appropriate NAVAIR Manual. 

(3) Run a complete long self test on the AN/DSM-l30(V) GMTS. 

(4) If the self test results are good, turn on the HP 5610A A/0 

converter located under the disk drive unit. 

(5) Patch the VR-3400 tape unit to the MST PHOENIX patch panel. 

Set the tape unit to a + lOV range scale. Turn power on. 

(6) Call up PRN 7800 from the computer console. Start the 

VR-3400 tape unit (15 IPS). Input the necessary information asked. 

(7) The MTP will now run to completion completely automatic. 

(8) After the MTP was been terminated, stop the VR-3400 tape 

unit, rewind the tape. 

(9) Patch the VR-3400 to the A/D patch panel. 

(10) Call_PRN 7700 from the computer console. Input the 

necessary information. Start the VR-3400 tape unit when display 

console instructs to do so. 

(ll) The missile response data that was recorded on the VR-3400 

will now be digitized and stored in the HP 2116C computer. 
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(12) Once the digitization is complete, a listing or a plot can 

be obtained. 

(13) The recorded missile response data can be sampled as many 

times as is necessary. 

(14) Once all data processing is completed, rewind the VR-3400 

tape unit and remove power. 

(15) If additional special missile tests are required call PRN 

3 from the computer console, SCRATCH, and feed in the special missile 

programs via the paper tape reader. Follow instructions in each 

special missile program. 

(16) After all testing is complete call PRN 7710, to remove 

power from the missile. 
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